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bas gkr6nit Aerelbiohl eiethods. The result is a discrete point source of light. The
LED lamp has a pair of leads, which can then be soldered to a printed circuit
board. The cost of forming the lamp and then soldering the lamp to a printed
circuit board is a relatively expensive process. Accordingly, there is a need to

reduce the cost of forming a light emitting device based on the LED die.

As an example application of LED lamps, it has recently been shown that

ultraviolet LED lamps can be used to cure photo-polymerizable organic materials
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service life-times, typically around 1000 hours, and are very costly to replace.
The light that is output from these light sources usually covers a much broader
spectrum than the photo-radiation wavelengths that are needed for photo-
polymerization. Much of the light output is wasted. Also, although the material
can be formulated to be hardened at other wavelengths, the typical photo-
polymerizable organic material is hardened at one of the peak output wavelengths

of the mercury vapor lamp, to increase the polymerization efficiency. This peak
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Further, the plastic lens material is a poor heat conductor and the cup provides
little heat sink capacity. As the die heats up its efficiency is reduced, limiting the
service conditions, power efficiency and light output potential of the lamp. The
bulkiness of the plastic lens material and the need to solder or wire bond the lamp
leads to an electrical power source limits emissive source packing density and the

potential output intensity per surface area,
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Wantanabe et al., published patent application US2004/019557 6Al, teaches a
device and method for forming a transparent electrode over the light-emitting
portion of an LED die. This reference is concerned with overcoming the
difficulty of forming an electrode accurately at the light output surface of a minute
LED device (10 square microns). A conventional LED is 300 square microns.
The reference states that forming a transparent electrode on a semiconductor
device so as not to shield emitted light is already known. The crux of the

Wantanabe invention is to form a transparent electrode directly and specifically
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portion of an LED die. This reference is concerned

Wi th overconmng the difficulty of form ng an el ectrode
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The steps for forming the transparent electrode are:

7a) Forming a resist film to cover the insulation resin and the exposed n-side
surfaces

7b) Selectively removing the resist layer to form an opening portion defining the
light output surface of the diode and the n-side wiring

7¢) Applying an electrode paste to the opening portion and the resist film

7d) Removing the electrode paste from the resist film to leave electrode paste only

where the opening portion is so that the light output surface of the diode and the
n-side wiring are conmected.

There are variations disclosed to the various steps and materials used, but in

essence, the same cumbersome PCB-type processes are described in each of the
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state-of-the-art m’mde LED is grown on a sapphire substrate, and since sapphire is
non-conducting, both electrical contacts are made from the top of the structure.

Wickenden et al., US Patent No. 4,335,501, teaches a method for manufacturing a
monolithic LED array. The individual LEDs are formed by cutting isolation
channels through a slice of n-type material. The channels are cut in two steps, a
first step is cutting a gap into the back of the slice of n-type material and then this
gap is filled with glass. Then, in a second step the front of the slice is cut to
complete the channel and the front cut is also filled with glass. Once the isolation
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affect the light emtting properties of II1-V
nitrides. This reference says that the
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ar r gjanngip bav gikenifetuwd, hERps af thefraniikitly bWl §ie material

ot o AP e B iR bR B p Gy iSngor aoac Lt Sgmed i
st epradsare ferenercoangting thetperepibss dfar&kLBhs t he slice of

n-type material and then this gap is filled with
gl ass. Then, in a second step the front of the slice

i s dath, ciol., VoORL/E6 B4t e USSUE] 608 f&aéﬂaﬁair{e%g %Lmﬁfam
al sq..fi d wth.glass. ¢ cet’he, i sol ati on &
200%@@@8%@{@6’6@ pBmtecikathgell Ihp method@eevides the
f or emxdpsulaientof isin-Gim dbacdseu8 Rifgibk s9fa§ §etlﬁfwifﬂint JBF

materi.al are doped to becone p-type an e n-p
j s vigine GhD sttt andebotioh waulatinesibstisten atis destriprtivachf the

rebstuipiod- A6 ' ; . t al ...
V092, Oeraar A sho b Eabiahilinin FHR e el benfin Hppine
| antIG8 ISgt Tewi (Fhisireferoperoieeshes thalithe uie\ e beated tolerds
OtrRiekiibR, i i
P e o i o e 1 OB e fows g wholprott of

encapsul ation of thin-film:
sol HMRogH wafgriakaliat gneedp avpid dhel use ofibeatadsllerat Nath Rdces a

bot AcmbhsdFa i tﬁté%; r .Ss.description of the
rel evant 5@r_i orﬂrg%% . o%ﬂ%aﬁg#&@%%gfg? §?‘1‘?‘F§ Fﬂ"faﬂsﬁqt}l}ﬁ

d e\/‘i‘e”é‘éiim viges betivaeninsidating shessdenat nw, o Natereachddy $pecific
r ef Q&8 : of a heated roller is
undesti %@?@%@?ﬁﬁé&%ﬁ\}}éﬁ‘%%ﬂ%ﬁs to a specific nethod
that heats a whole roll of conposite material all at
ONGATRIRL | driisE ted rollers. Nath teaches

a new rf%thogFfor %ﬁ%@@‘?’ﬁ‘g and encapsul ating thin

fi mqlemmmsven&mamm ito\gversdmhd thé tiambae ioﬁﬂx‘é ph6t #EC R is
in | is not new .but Nath teaches'a  _
cpamioPleEr Y 1S RS IS BvidRdnegiads G athetwing solid-

r olstagsr lgght BiivieliRicEE HTiklend hiec N HlderefhBiaeition to provide

i nyentlon is 1ptend (% to overcone the _drav\/oacﬂs &r Thé
prior a%ri{h. h‘lrfbs E@ SOURS ?fBjﬁ%l&ttac‘b‘fe qu_éeSprIE@é‘!ﬂl anoghee abjecsrof the
t 0 ppasentiimientied foostsvil@s pRRBhdsTonsbitge FR kledelective

polymerizatiora of photo-radiation-curable organic material. It is yet another

object of the present invention to provide a method of making a light sheet
material. Itis yet another object of the present invention to provide a method of

manufacturing an encapsulated semiconductor circuit using a roll-to-roll
fabrication process.

The present invention pertains to a method of making a light active sheet. A
bottom substrate having an electrically conductive surface is provided. A hotmelt
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state light active devices. It is another object of
the present invention to provide device structures

wo ooospe3i@- state |ight active devices. It is sPECT/US2005/010051
anot her object of the present invention to provide a
phot o-radi ati on source for the selective
pol yneri zati on of photo-radiation-curable organic
material. It is yet another object of the present

i n;/éﬂlqui(Yﬁ sheet ip myovides. dliigtmahﬁ)@g_elfmctﬁﬂ&%cﬂ? elérﬂeh@,mud? BeEED

ma : ; nother abject o he presen

i nv gﬁét fﬁjg r?m:b(%ddf ?io]éi(a]i e}%gn F}E?%ﬁv%gxeetngﬁa L5 Cﬁ? P38 hag a top

enc &lssitddatandia betbonshatroiar Acdy RatisbarbiftisiiShtrdie is provided having 2
r ol ltrm%s érrel%l I n faﬁ/r |1cat I.Qn process. The pr esenlt)

i nvg ntron pe PUTYE 19vgr a’ﬂ’r‘?\%’?’ﬁﬁ"dt estyaaher) vath|thegmbedded LED
act dieds ikt betAveeh dlict dburEoalhs drliQivR RN

el S@nr?i cal I(% crcf)gpuct i.ve surface | S@gﬁ%gg@@eg&ﬂs&aﬁ%ﬁtt

8 U5 P RELHOBE R/ t5aBaen) o Tholsminatiois siny brasigh et heatsd

pr opieshack rollérghdtectd mydd (BEROtERR AHeki0b i
LED %i e dd‘i?‘re enmhedded in the hot mell tsrgd es%@egmgﬁ]&&%&e

The P'Riidig fop-rtbsirals tosthe bpttora selstraigd dis drchoamioghicetnis
el esifiende the AFIP B Hradk PG Ab M@éﬁg@ggc&@ﬁ S e d?lecm-cal

havi n?‘\(;é transparent conductiv
ad heCFGEVi ibe trafsnagent pendugtivedaysr of thtopdbstiate dndsies besom

bet siepadé l; ' i\ ace.and th
trﬁtﬂ% Ear eﬁ?nféﬁ%%%cﬁ?gi ?"’é’géél’?@#g{ g?e%ﬁ'}é% Fyacr?f‘ﬂ‘é"tt’iv?)w&ﬁ"ﬁé’f

| an'f'fafEhsybstraten This, dheghand thedased eachrlEDs die are skdrabtically
t . ' h d
S TR T T ——

electrically insulate
t he- i tiednensansarlated and seaurechbetivednthe subsipgetin i flexible,

5 O"HofRAhdhbN SHEEt VR TSR IS e Wttt dd sk (with the

el ectrode cones ectri

t r @gdded HED diw) und theeop aupstratotant BeerbA@eds RSN Fnadiisl

th I conmes into electrical contact =—
it (TR LB b er GO R R S BPHEassp proceier sulting in
botatflsmiblashedt phlightiiEhmesteridlhe p and n si des of each LED

die are automatically connected to the top conductive
| ayer and the bottom conductive surface. Each LED die

| s ToissapelieiedaahitoreckrediDRIPRBI bA%ihyRH IGh el fu.
i ot ne agdhesi ve Shee ayer. e bottom
th?o-f(llletxbr?l hot nel t gh heet | _ h tt
substrate, TEPHRSET e APPLEAREShayR PIOKER the ferdce asehifeciureiand
L Erettiod jareeuffictivieby MpkifgiRahy fo6E-608bnB&t BIRNSEY Fidfire 119
rol s ofhtmateﬁslalp. . .
SHows photographs of working prototypes constructed in accordance with the

mnventive method for manufacturing an inorganic light sheet. Figure 128(a) is a

photograph showing a step of the proof-of-concept prototype construction, this
photo shows an active layer sheet comprised of LED die embedded in a sheet of
hotmelt adhesive, the LED die being red emitting and yellow emitting, Figure
128(b) is a photograph showing another step of the proof-of-concept prototype
construction, this photo shows the three constituent layers - active layer sheet
(LED die embedded in a sheet of hotmelt adhesive), a top substrate (ITO coated
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The rolls are brought together in a continuous roll
fabrication process, resulting in a flexible sheet of

wo p@hndasg mat erial . This sinple device archit er€T/US2005010051
readi |y adaptable to a high yield, Iow cost, roll-
to-roll fabrication process. Applicants have proven
the device architecture and nethod are effective by

maki many. pr oof - of - concept prototypes. Figure 119
shoiEred 65‘?%%“"6?&%}19 Reptest EHx ;J{a?@geé ig g pheteerprh

aCC GhERE Bnofticr Brep Bethe ﬂi&@f%ﬁdbﬁ%e{ﬁ? f;ﬁ)g(g%ﬁeocfonstrucﬁon thls( %lioto

manuf acturing an jnorganic |[i i . Figure 128
i s ého%tgts gwﬁswﬁqy@rsam& active laier between the substrates to

pro 3 tg Q0 ' 0
Choner o SARAE! FBE 12D, € RNbLA 10Rind dbher e
e b gdeRfwpficpncgpigneletype feonsipichen, thisiphmde slvavs tharssdniteddi e
bei ‘ ol e S )
o B Aot Al O Reivie i oumd ) by
pr oé?dm@méptesﬁyrm?%e construction, this photo
shows the three constituent l[ayers - active |ayer

sheet (LED die enbedded in a sheet of hotnelt
adheiplieants have digcoserpd tthaitas thehdheliched ds ©ftedRd, the LED dice

BB TR e U v

photvatrthpimansigientcorguetios laper of thepop sutishiate and the bottom electrode
P hovem e E BRAHP I T TP ariReruaeBiop 8 bortom

| ay enbstratewdbus, the aad s tidast ef sadhd EIP dierrasutaasiatt gonnected to

L s ¥

photcompletzlyntdpeulasd eithiethe hbmmltndhéson abe iRGubadcredin

thro a.h Lam natoy to actjvate the hotnelt sheet
by Ao LI dierre srach esnel euEed RgmrRAles T d the
di sdlexibleghbtinblohdhasive dseehiaydre| Rigbees(c) & a3RblognsH shdwisl the
LED.di ce breaktt}r u%h the adhesjve so that the top .
el e 45 BRSO Rt OMCRRt Protetpe being anplied givelfage pka polarity

t r anGPREEIAE uﬁsﬂi@ti}blw LED &¥EFighfe 12R€) isoPptivwsdphah&viad the

the. bottomel ectrode cones into electrical contact

wi t BPst srnsEyciRdnrootnticpreed prriptypebeing Fnpkied avolfage obbe t om

Subghpeite poldityand hidhBinl vPfe fediLED @igs of each LED die
are automatically connected to the top conductive

| ayer and the bottom conductive surface. Each LED die
I'S  In accordance with an aspect of the present invention, a method of making a light

active sheet is provided. A bottom substrate having an electrically conductive
surface is provided. An electrically insulative adhesive is provided. Light active
semiconductor elements, such as LED die, are fixed to the electrically insulative
adhesive. The light active semiconductor elements each have an n-side and a p-
side. A top transparent substrate is provided having a transparent conductive
layer.
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conpl etely encapsulated within the hotnelt adhesive
and the substrates. In addition, the LED dice are

weaowh/opsiimanent |y secured between the subst rat BGT/US20051€10051

flexible, hotnelt adhesive sheet |ayer. Figure 128(e)
IS a photograph showi ng the just constructed

pr oof - of - concept prototype being applied a voltage of
a polarity and lighting up the yellow LED die. Figure
128 (T elestrigal shinswggramdheshehving thi dight aotite semitehductoi-ed

e Somhts FRAS TR i Ban e e Riiile S g and
I n dectomsfanaE omdlkcuaetlayape €drn0d lainiRtipn. eﬁ@éleﬁﬂéﬁﬁgi%ﬁtwe
i s _provide

hod ct t
A bariie BTt S Aatichl insieieas phddi o sufirdeta e
sur battemissbsfrraty | Tiedievids st@tlt@tﬁb is tha fo¥nddWoUhAeiile? the n-side or

adhesi ve,i s de ht .active sem conductor

el eﬁtee yde %fﬁ’ﬁ?’ﬁbt atf%t’ﬁ segficonductor qlemenis are inglgstrical

eI ecbmnmmbduy)n W&hl kiretthaSparehe E@RuMBre 1aBEoOA théﬂ% sf’i‘l?strht‘ée and so
em co&du errents each have an n-side and
of qdiat BP@’B

Jpsidesfthe priside oheashithe ltghb&ﬂﬂ&t@wnhmdﬁgtoa

“aﬁl%ﬁ@ﬁt@&*e ﬁ@l&ﬁfdﬂléﬁ%ﬁn b will
PCT) 1152005/ ATl 4 i tﬁé{‘)’ukﬁ’su?ﬂa’p oldiddve surface

adh8 o i Hhstratol form e lighttacie @@m cmm@ce with the
el e grBdm invEntesh, HhAH 8QMet Sf éa@ﬁ’ EEDYHe Q@%ﬁl@?éﬂﬁg connectted and

electrlcally conductive surface and
con83iaingd 9 fherespestiveiomand bettanmeeridugior, 'chmpletely secunng each

el egkpi Gebdri-ebh fels@bdidfs 8?%?%@1%{ %ol eltaa%ilé %ett layer,

el ectrically insulate an op su str
the bottom substrate The device structure is thus

For T RébciRnt Rdsutel i @alﬂr 11’? ug?givg gdhgéigee?rﬁl i e} tggflll s&rgﬁte can

light active sem con or °e
conbepiovided om respedtive hélstof antepalr dis anablekubeé bateonh abetrarf the

"ok eV ARt B g P o

s e mld)eimamtogether &l 2contitova rall fabrigdties process) It is noted thaff' these
[ [ th the electrically conductive .sur ace
o "R 48 B B e Saeg e g he BRE ki
| n dsmmmrf cdmmceowlaﬁdkdtﬁlﬂﬂhe Pre8&R fventidve lfl}mis Qitapl®ardn d ; n ;
si des of ..e Le are au ically connecte an
o eGSR bt SR o Hith ¥ coptmaEE Goll
conpkhrell élbyicgaenitetiGq A 8at is not obtainable using prior art techniques.

In a preferred embodiment, the electrically insulative adhesive comprises a
hotmelt materi al. The step of activating comprises applying heat and pressure to
the lamination to soften the hotmelt material. At least one of the heat and pressure
are provided by rollers. Alternatively, the adhesive may be composed so that
activating it co mprises at least one of solvent action (e.g., silicone adhesive),

catalytic reaction (e.g., epoxy and hardner) and radiation curing (e.g., UV curable
polymer adhesive).
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LED di e between the substrates in a flexible, hotnelt

adhesi ve sheet | ayer. The bottom substrate, the
web@swnedseml |y i nsul ati ve adhesive and the top BUbES208/€10051

can be provided as respective rolls of material. This

enabl es the bottom substrate, the electrically ins

ul ati ve adhesive (with the LED di e enbedded therein)

and the top substrate together in a continuous rol

fabrication process. i s noted that these three

It
r ol r S 0 or
s e 7 oA sibodilofor HEGERS Al Rhr ot Hadcifi Aichips i
pr esadily Gmlaltl]bnavaﬂiijllesﬁan B@ine%lfmdtor ﬂm@ﬂh fiBY. ll’r_ﬂillfgglt active
structure 1S I,nherent able 1o 1.Vield,
con?eﬂlﬂﬁodﬁ ofoy pipenty Pay %T ag ?r@élﬂt‘Bﬂaaqyeé%Fﬁ% IR EN Fat
i s doicesuch mablae céleld%tEﬁ@ FI(TJIhaIfUWhlfe Iacmersporﬁdh oF the light

e. electri

preferred e al nsu ative
D Lt ShE R E i B ShEE 0L SR 4 AL L o
act poreibn 6Pthe G fabﬁ@%emﬁhdﬂcﬂﬁ elefwhits Rl DIRSRIWSelefgth of
the | am na on-tg{ ft n the hotnelt material. At

| eafiafon fterpaiiye tpﬁ“é@‘% LED dig and, plygilightpoitjing
r ol LEDsie é&ltb@&)i’&lidéd% rop&ﬂ]ﬁ‘oﬁ’&'ﬁ&ﬁ't&/ @reﬁ'i@’a @é@lf@@%@éﬁéﬁt

so t hat activating i ? nprises at |east one of

sol PPEErangs; Rifusegs q@n be §1° W%Wéhla theedheseye, substinigs g1 4s@
I eagdatifflon fhe Substrafe® %/ Gk m&‘ij\fé% )cr ) fn@pé) ﬁﬁfiﬁi}ﬂ%wmg

curln e.g., W curable polynmer esi ve
99310 PCT/U82005/010051 The Ilght active
sen1conductor el enents can be light emtting diode die

such as is readily commercially available from
S e m%’&aﬂY inpafineradbesive Tarebd 4 Iftmelashteiey material, such as that

Lenrn
Ao PRSI Bt 1847 e B0 e@le semicongariay
C eI dlergenyg @asbe pT@em’aédde&\dm'tct ibe hotglett sheat Béfosd thpsep iof)msafmg
th 0 | ements e
vva\el‘ﬂé{i eng%lve Qfe gwge?:ﬁ%en&g%%%% %‘ g Waﬁ’ro}he h8ﬁ}“3? %Fﬁé’an have
li ghe smwndactsedwmm embedded effémem thatafaltipte aﬁlmlﬁﬁllg lines
t ion. vel ello t
omi<Ap gﬁ%ﬁf%%; oAl it gﬁtpf%#emn%a pHfiemafing 1
\?ﬁ _ qnan/sedecbndnctplr a@aentdoan pe fdrm@@ Smbédd@ﬂﬁﬁm h’éltrﬂ%ﬁéhé@td
| e |i an can i ncl uded
(R et ol B Ot e 0§ Sl Gitealiy soping apiurality
t h eoﬂlgblsetcﬁﬁé emicondiaor dléiﬁbnﬁdiﬁ%&taylﬁei 1Ber®Ib8A knifhr 4 Bser
unif o%er eﬁc‘u’osteg'g drum, and transferring the predetermined pattern onto the

insulative adhesive.

The predetermined pattern of the light active semiconductor elements can be
formed by magnetically attracting a plurality of light active semiconductor
elements on a transfer member, such as an optomagnetically coated drum, and
transferring the predetermined pattern onto the insulative adhesive. The

predetermined pattern of the light active semiconductor elements can be formed
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surface. The electrically insulative adhesive can be a

hotnelt sheet material, such as that available from
wBeevsm99BsEoci at es, Shirley, MA. The |ight actiR€I/US2005/010051

sem conductor elenments can be pre-enbedded into the

hotmelt sheet before the step of inserting the

adhesi ve sheet between the substrates. In this way,

the hotnelt sheet can have the sem conductor devices

e nbedijlgctom‘fehtimalmcl«smdtplme nm:limdspl ©r, anbditidive galsfor &fethod,

can ly.a to-r tlonll e. A X
pre F éeHr%ﬁ%{ it e%?tagl{:{]te{ & ﬁan ZYF‘%[gﬁP this,eae, \?}? predetermined
sem Iraunﬂus:foﬂnecélb}etmﬂbﬁmg e sbeichaduBe: aahafdRemiatebitly
hot It Sqﬂéﬁh 5? m ned pattern can be
for %St%%% fix YF‘@Leétthé ef¥e-a plurality of
I'i ght act ive sem conduct or elenments on a transfer

e siml ar aser inter electrostatic

dr meéﬁ?ﬂsl’ﬂﬂ%@é CPV‘?'I Vo Gan ‘Eﬁ'fr@%’@é OHPHBEg RSPt o
t he cohdifttve@inhtegal adbesiTYe. dpam;%s Eﬁ%%l}%{em)ﬂﬁgr Rpfolgr n of

the |ight, actlve sem conductor el enménts can be forned

by 8 clight fangpyspige equnerting fimds a Eaehyland is|pregideddor i ve
s emc@ﬁm\:@h&fgt With a @L&Bﬁ%ﬁ@h@d&u@e ge&%e&&fgho;rema tlve?spiﬁ%x 2o

an optomagnetically coated drum an transterrin

pr e §eRBCHIS NG natgrn sxvbedpmmepdionent  leastipret afidke tag lehsirate and the
Thep

coni oo aaeRale o RAkE SLdhly) Siet bithbr GibiatB mpngee
PCTAUBIDESI@T06®R lightictive sonsosduictomalemeinick and pl ace
machi nes. O, an adhesive transfer nethod, described
in detail herein, can be enployed- In this case, the

pr edée ekepiripaly CplahWrersurfmefaod ﬂedalbgmd;alla nsﬁcmcnvmﬁbﬂnenay

t |
2 COBpNGl el BERAL § MR 45 bt B dse e indiitin
tr ahghtaw@vﬂsemunnﬂmtowlembmyﬁjrfmga displaged by printing

a transparent conductive material, such as ITO
particles in a polymer binder, to form conductive

| i gl lightan bspm&derbmﬁﬂhdmgLEaJl &ﬁ)ablE@f Bnﬂtmgjdlﬂ‘&ent

bt Pt b T Reresarifle i pRulpERED} eorbinsseh volg v

| i nemjiting EED Mamdﬁxen topeBthnd Tocddted RAs bachbene {yill BepdrQved

st bIS)t {hathum%rrl] gye as generating an orange ligtht. White light can be generated by
combining yellow and blue LED dice, or recl, green and blue dice. A phosphor
can be provided in the lamination. The phosphor is optically stimulated by a
radiation emission of a first wavelength (e.g. , blue) from the light active

semiconductor element (e.g., LED die) to ermit light of a second wavelength (e.g.,
yellow).

In accordance with another aspect of the pressent invention, a method is provided
for making an electronically active sheet. Thee electronically active sheet has a
very thin and highly flexible form factor. It can be manufactured using the low
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bottom substrate for providing a relatively | ower path
of resistance froma power supply source to each

wo p@hnsed i ve sem conductor el ement. The el ectPCT/EE1095/010051
conductive surface and the electrically conductive
pattern may conprise a respective x and y wring grid
fox selectively addressing individual [|ight active
sem conductor elenents for form ng a display. Color
| i glspstchigh vield perﬁmudtwolb-yo-raihhbdwatgmhfdﬂmbdwﬁilﬁd%rem The

em hs or ex
2" elgeehicly b Bloer MRS (SRR i dieers Sy, o
L_ElDlhghtetn emrgy/éevmgagﬁmdﬂf] elettgd)nh(‘) ciduitgl antie@linyeaiedd eRbtGHic
W ve e human S generating an
oraf S‘Z&TS qﬁ%:?e Onldg(%’i %Wen&g Sﬁ&‘l@?‘ﬁ%@dﬁwlﬂor@ diodes,
co manmanyg)t}}ee lsdtmmmdndobd:léiﬁedt E&zﬁg@%p Q{d BoRdm dERDhe ARfhat,
blu%ﬁ'g %trmfﬂﬁ can be provid in the
iSRRG b8 bk ghin Sampipaan orsigrerely By
rad emplog:m BTOMPOWALSAT e thiricile M\@H1888 I n{ciQuit. TR Ue)
fromthe | Ig%’ﬁth?Ct lve sem conductor elenent (e.g

LED"PHive sig orpingithe elgctrgnicaily aefivashest léﬁlg‘ﬂhpl(%ﬂdg‘lg a

yel beu-am plafar 3G6B6RHAGB W élébn%ﬂiy%%hd@%@ At the
prese I nvention, a nethod is provide or maki ng an

el e @S'Pﬁsefa i RFovided apd atleassone wcembx@tor element ib fixedctpithee
Sheadneliag: ach Yathikordibdr A8Hedthal bkof Lot BbParliA Brom

factor. It can be manufacture u5| ng t

200859937 A ETSuUbstRDS POYEIEs b avingn eletrigiilyyconduttive pattern
CONHispiiBe thefedh.| - tO-rol | fabrication method descri bed
herein. The electronically active sheet can be used
for Th%‘?é piveawith g@impwglu@tewlmeenaﬁ@dsmﬁray is iaserted between the
Ilg , f troni ¢ circuit,

e e R S an e B ally SREM R Rt s

e I ehﬁﬁ@@om; abhej adb¢siveas aousatat tortsind thieatnp swtisots to the ®dRSM

and t havjng a.to

bot %L%?n&[aé?gdjt? ggg# orna 8u°?%iaﬁer E‘ggtc?’ld‘ﬁ % af é#ﬂ‘ff’ uctor

c anelergent iscwtodetically beaughi intand nmaintaied &1 Aéctlidal adtfimunication

n sof t h abrlctedeeX|bIe

oY B RS EAIARI e 5 SBE PUSE b oo

t hethetopatondutior ahd the dottdo @osfue€dr dfeadhu %u@étﬂ\ﬁbt@i“ El8mént is

Egtn%lg %ﬁv@@%&wﬁgﬁglg or a%tdemmnmtglhg]cg n é]ec%l‘lga.(l: E:cgnlncr:l%[:gnon with the
electrically conductive surface of the bottom substrate to form an electronically
active sheet,

rc

In accordance with another aspect of the present invention, a method is provided
for making an encapsulated semiconductor device. A bottom substrate is
provided having an electrically conductive surface. An adhesive layer is provided
on the electrically conductive surface. A predetermined pattern of semiconductor
elements are fixed to the adhesive. The sexmiconductor elements each having a

top device conductor and a bottom device conductor. A top substrate having a
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An adhesive is provided and at | east one sem conduct or

element is fixed to the adhesive. Each sem conduct or
webk@seysihas a top conductor and a bottom conPCUS2005/640051

top substrate is provided having an electrically

conductive pattern disposed thereon. The adhesive

wi th sem conductor elenent fixed thereto is inserted

between the electrically conductive surface and the

el econductivd mﬂcmrdéhposdd\t@rgm tAclamiratior is formed coapisiag 'then

Th aPjad. th b
R RN IR R
bot temsubstredes chmrlarmham fommell it thiit tha%{dhmrete_lelcﬁically msulates

aut ically br i,nt.o _and ned.in

el e%?r?fn@g? gh% g%f‘ﬂﬁﬁ fttf’ & bo\ﬁp?lﬁ“gﬁ??@tee ¥ $‘?u?,ga ppg of the top
C ﬁ n duﬂtr:]é coadtfuaéﬁaﬁd botadm dbecd @ﬁdlﬁi&%gﬂ@tﬁan%ﬂﬁu%ﬂoﬂdlﬁﬁems is
t he. ot her the t.o u r .and the botto
conb‘h?:l?‘%? ag@r%tggﬂcaggﬁ]wggﬂmfe ‘gic Ratferqcof the top substrate and
aut dnadthe af thys tdp deigb tordat@r AathoiBmHedic®8hdudtor of each
electric r{mmlca,tmn with the electrically

condUREP c@ﬁ? prent 19p eleplgica] Gpmpnicaiion it the Ql%f-’mé?lhh an

el eebddubiivedhyey of tBEbdtittn SilbSRite. Thidmamtet %Q&ﬁeﬂh%hductor
anot her aspect of the present i nvention, a IS

pr oGiCHeRf 1s %?rnMwnaww@ﬁe Hsden %lldélﬂ)ﬂg’@rﬁoém tﬂéﬁt are
devbfeorndd BR iHeqBp SdsiioR] s%bitl%tes p‘i‘ﬁéfé fi%g ndafop %?Jﬁondmg,

electrlcally conductive surface. hesive layer 1S
pr oSeldergleadiivires, ar etherefacirical qognee%ﬂm!memorg@ps ace. A
predeterm ned pattern of sem conductor elenents are
fixed to the adhesive. The sem conductor el enments each
hav fthagcerdance itianotber agpastiefshopresentineention, blsast ©ne de

S o B LT e

t hetopmendytdrand thatbotiomicenduooneBoresmmple, sthm@nﬁdfamdubmt tarbe

sub ! e WI th con ctor
el e?rl]ielrl S) pg{)wg&tl%g t?ngﬁ‘}L%ﬁ" éms%aéiqa% 91]?
f or pedustvetpladiontfrenaidtipemi eketriehleotnectal Wwigh 1ha ﬁmdialbeenductor
and %{ gds the top substrate to the bottom substrate.
S

oing, one of the top device conductor and
botton1device conduct or of the seni conduct or elenents

pat i[%?r']‘ﬁ‘g%?e’ i{}%‘%f“gb’g g@gﬁg@g% gan V%’Itotmhsu pu?atec exﬂ)le s eet

having an electrically conductive surface. A top transparent substrate flexible

sheet has a transparent conductive layer disposed on it. An electrically insulative
adhesive flexible sheet has light active semiconductor elements fixed to it. The
light active semiconductor elements each have an n-side and a p-side. The
electrically insulative adhesive sheet having the light active semiconductor
elements fixed to it is inserted between the electrically conductive surface and the
transparent conductive layer to form a lamination, The adhesive sheet is activated
so that the electrically insulative adhesive electrically insulates and binds the top
substrate shest to the bottom substrate sheet. When the adhesive sheet is
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the other of the top device conductor and bottom
devi ce conductor of each sem conductor elenent is in
we@bk®@snedde@l conmuni cation with the el ectri cal | BCT/US2005/010051
conductive | ayer of the bottom substrate. In this
manner, each sem conductor element is automatically
connected to the top and bottom conductors that are
prefo.n?q% on the top and bottom substrates. There is
ho. rEEHIaop0e 4f it of he p-gide gbthe light aeptiyg semjcongpctor her

el eclemenRlis ARGIAATRAIYIORIERR YI&uRal ®hEPRnickibrd@Pidance
W t h anot her gsp,eci%,of ft he present invention, at [east
gro

one "PRWaressAndustiog thedomsubstrate sheetoy The @ther efthen-side or
m ddhep-6i00H WetoRatitAY bRIURSh fe@‘ir& i and
t he bég%,tom COﬂdL?Ct o?. F(%fr;t eﬁﬁgn'p e?%?ﬁgﬂ‘gg(?na%@gmﬁg{wor
can elsstrically copdncgye syfaca offeshottony substrate slatiettoi foum a light active
conpelises at | east one electrically conductive portion
for making an electrical connection with the mddle
conductor region. The inventive |ight active sheet
congjets iRt f; W] ee avi n

an e P iRt KA RORE 28 B INEE fnd WRBh )RRy
subsvbsiate, the elgétiicadly inshlatiste aklbasiva and the spp sebstrateenn be piovied

SubsHrs yin siva ad e spp et
N e i b S e e e

el epwnicenductreeements pre-efibeddetl iimghit and te-valled o the Bebeddig of

| . e -si d a,.p-side. The . .
ol o pRichidor el X atolRd i€ us o Fgasion
| i ghrocesst iThe adlmsive GrinkertedbetwednahesubsratexBebiiging thé Bottom

i ns 1.4he el ectricall onduct.i ve surface
g ittt 54 BEGRAND foBiufiGiathes e M GEI B itslpiggettor im
| antcominiiaus roll Bbrieadibe ptocesssheet is activated so that
the electrically insulative adhesive electrically

i nsul ates and binds the top substrate sheet to the
bot Therleutitly aklatibadhesiv¥brferitie camiiBes ¥ hobh@EhatbSal 15
WO 2 Og{ 9%310 PCﬁ%p%%g05/01005 activated, one of

t he *ALV&ipRlE Dy pPRIYIRE hpatand pressure fpsthe Jagrnationitp geften the hotmelt

s eninaterisl (llerattvelyTonidiitionalBu e MBhdsahl 2 By RUGRLLIE By &
el e%t rical sggrmmm,catl on wth the transparent

coniat PPS selygiiactign, eyaporaten. sefpiEH¢ macki qyhandiradigtinn quringr
of the n-side or the p-side is automatically brought

intq el %ct rical .communication with the
e light active semiconductor elements can be light ermitting diode die, or other

semiconductor and circuit elements, such as transistors resistors, conductors, etc.
They can be connected in an electronic circuit through €he inventive hotmelt
lamination method described herein. Further, the light active semiconductor
elements can be light-to-energy devices, such as diodes effective for converting
sunlight to elecirical energy.

In the case of light emitting diodes, a first portion of thes light active

semiconductor elements can emit a first wavelength of radiation and a second
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electrically conductive surface of the bottom

substrate sheet to forma |light active device. Due to
wao b@samsomat i ¢ assenbly nature of the inventi vECT/U§W05/010051

sheet, the bottom substrate, the electrically

i nsul ati ve adhesive and the tap substrate can be

provided as respective rolls of material. The

electrically insulati-ve adhesive can have the

s eniPeHiPeE thedigh] aemwmlqon@cmmmmd efittagetdnd anaglelength of

re [ the s

Cl el vl St AP Bl oy o Py TRt For

fabEﬁ&ﬁﬂmsnnmpM®mﬁwswmﬁhm&ﬂ@hES|ve is inserted between

the substrates by bringing the bottom substrate, the

electrically insulative adhesive and the top substrate

t 0gdhb electrically Iu}suleﬁl\tel adtexis® chiotdmprab e Ih@ﬁﬁellt%ﬁed@ h@féﬁiﬁ -and the
ectrica

The at i lve dhes v
corbEhETlsERispelT fefens Spubeiite e bodlad win o pmet hget
h eabefara:lfopnmgmerlmhmhh Thé Befit Bétive @éinitShdwBibF B8mEME can be
hotge grmtelrlal Alternatively, or additionally, the

adh&Zmed inie, § Predeteiapineglpatieme 9Pl‘5flefel1ﬂéfzféltpaﬁﬂ“e cggf be Formed by
sol vlestrosaitll9 Attrabtit @RI akiig BF i8R hatlvé Eéxﬁlc&ﬁﬁ%if a&néﬂfé ona

The |ight active sem conduct or

radi ation rin
el e W&ﬁ’%@% traa?f?m@aﬁetmdgtean@%p@tem ongp theinsadative
S € MhdHRHids] CARSmAREly, Or 'a8ditibnaBY SABHYHS actiS Y Qé?m@%%iuctor el ements

transistors, resistors, conductors, etc
confciedarmed inf thet nsederasmined pptfest by magneticalii attllaetlng the

| NV gRtdlikeorehiBlite seﬁ)ﬁﬁh&\ﬁﬁdr%ﬁn{éﬁﬁgf}%ﬁﬁ&&r errenFrg el n.

Furt her, the i ght active sem conductor can
be F?I@F?mgdh%m ggrminedipotem osfadhe insulative ddiesieé.f ect i ve
for converting sunlight to electrical energy. In the
case of light emtting diodes, a first portion of the
| i gke Baspayent cenduitiverkgecmay Coelhmemtrmspaﬁnmnducave‘ inizdrial

2005) Do ek FeH bR Rae oS R s ot for g

act ¢apaectiogivith a despeative Bghe netive semicdddustos eA@ﬂdlm\l@l—ﬁmgt h

f he 1i
ot SrRARE B pardi in b0 kb 03 198 o lip e e
col entonmasuiistvite foe piovigivi. a rélatively leo/ef paitadd iésidtiifes o d@ower

adhs%f)i)ly%oﬁ:r%g toce(a)urzﬂ3 lilghst%ct?vehsg}mrcr:grll uctsorr] glee}nelrltra terial, and

The electrically conductive surface and the electrically conductive patter: can

comprise a respective x and y wiring grid for selectively addressing indivi dual

light active semiconductor elements for forming a display.
A phosphor can be provided in the lamination. The phosphor is optically

stimulated by a radiation emission of a first wavelength from the light acti ve
semiconductor element to emit light of a second wavelength, With this
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i ght active sem conductor elenents can be
pre-enbedded into the hotnelt sheet before form ng
wao b@shogasimat i on. The |ight active sem conduct oPCT/US2005/010051
el ements can be forned into a predeterni ned pattern.
The predeterm ned pattern can be forned by
el ectrostatically attracting a plurality of |ight
active sem conductor elenents on a transfer nenber
and cprsametiony whitglighheanpreesiadratedrisingh Flas émittihg G/BDaridlyellow
[ ns%k%%&oﬁg SI ve. Alternatively, or additionally,
the Tig I'Vé sem conductor elenents can be forned
into the predeterm ned pattern by magnetically

attr t he rali ht . actjve
semh?%ﬁar@% @aglﬂ@ﬁrt aﬁpﬁ% gé“? ’é?geé’F yentigpiw elegiepically
t r anstive IShSeﬂ@nﬁﬂTBeer BstRneplatan esbsRatt heViky MUL{cAS conductive
|nsu t|v$ adh%tgl ve, The t ansa®rent conductive | ayer

> Shien, R B Rt by B A R st sposdl o
as muﬁstalsoandlu@ht At IQARSONE S&hitehdaSBP 86hédd Ha\JI Bp
each |l and for = connecting with a respective |1 ght

act CORUEiRFMd RO msronductords embsddpd inyan ghlessive gheatd ddei ng

li n@dlibﬁﬁfé Sttt i€ diBpde6d B&fv@&ﬁh@&e&ﬁcahf BtdulRE s@ac g!af'?d #2P
subs and the bottom substrate for provi
rel &°F °9m?veg>&ftﬂﬂé¢ forma lgmipaian. fﬂmdlmsmmuvatable

supp Mncﬁﬂ’xU EpSsub8rafil rihé b ﬁﬁgt}a\(eesostﬁépe ﬂié%é}? %onfiHctor ox

el ement. The electrically conductive surface
el efiedptior cgnduision ot e semipendueionelement lmtqmdﬂsélyé)rought into

I es RRChhiNGin¥d ﬁr@ecglu\é’q Jo'tr ah& {vﬂl\i/ tél% eBGEY K goXctugpve

addr essi ng I ndi Vi SEM CO

el eRipmsoffts top subsiratg. a”hd o@m nyhe tap mmmpbomdahmbmm
pr o¥iedod ot e%eﬁ%@?&dr%ﬁ&neggg Ialg!ﬁ g%t? nok [ éﬂt ?n%(l) l’dl}/d

stinmul ated b l'on em
wav elaitaged inf d@nmldah@ﬂlmghitatlan: tiitlt ¢he mﬁ‘icﬁl@mdhdﬂcﬁf/e surface of

i 2 Dol Bfisbe b 8RR el U RRR ReT

construction, white light can be generated using a

bl u ED an el.l ow emittin hsphors,ln

ace Sy bord o el SnielE apeheeh i FRatEene o bigh

Ib nvselt lroihto-rah fe&ingﬁ:ttdh@ﬁmﬁcﬁlh ITit ttacdake) ﬂ?esﬁbﬁ&tn sﬁll%;ﬁﬁfe' #eS a
ot} r ate in n electrica

con Eﬁ) R%?J ﬂ’i’é{r atp,age ﬂf%df?‘@éfﬁp??gw 19Ys efymaterial. The

el eldtioicsabstiate; AiRAdRdsivE And &b sl dhbStiSORS 8fught together in a

continuous roll fabrication process. The adhesive may comprise a hotmelt sheet

material activatable by applying heat and pressure to the lamination to soften the
hotmelt material. Alternatively, the adhesive is activatable by at least one of
solvent action, evaporation, catalytic reaction and radiation curing of the adhesive.
In any case, the adhesive can be provided as a sheet, and have the semiconductor
elements pre-embedded into the sheet in a predetermined pattern before forming
the lamination. Or, the adhesive can be printed, coated, or otherwise applied onto

one of the substrates, and then the semiconductor elements disposed thereon.
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thereon is also included. At |east one sem conductor
el ement having a top conductor and a bottom conduct or

wo goosoisdded i n an adhesi ve sheet. The adhesiRET/Ehm®es/010051
i s di sposed between the electrically conductive
surface and the electrically conductive pattern to
forma |lam nation. The adhesive is activatable to bind
the top substrate to the bottom substrate so that
either the top conductor or the bottom conductor of

t he £ ically ught

i nto nd& i %%:%P(H f wgggqnﬁgfgpr e& g‘?? edyb¥ h

t he @¢C‘T0$Wl°aﬁﬂ dtiracting d phﬁﬂ“ﬁoﬂiﬂé $eifiCon@hctérBentBR on a transfer
subgh&gg TEe heﬁhof he t op conductor and the

bot t O % %"ls%lmgf PRI gd’ﬁﬁ%f”&#’ @hﬁﬁ‘ﬁe iThe

a: s qotradetemmbl d pﬁtehyoﬁlh@%ﬁh&ontlﬁétt@r élélﬂ’enl tsrttﬁh pt ﬁilrflﬂ@ai by N
electrica n e electrically
condiiepryral %{yf@% a Bﬁ‘" q‘lﬁhg té%’i%‘?ﬁ@%@tqleﬂe@tstoﬁ afteansferan
el eatember aid trans@atoe\0R HERMmind phrtdRbio %fbahés%t *rﬁé‘

an el ec(j:e%ronleé:al I%}%ﬁ ive sheet is formable using

hi gPTeqete patier Ofemiongpgterleasats pan h@)@fmed]um apick
casend plage @Rickom substrate, the adhesive and the top
substrate are all provided as respective rolls of
material. The bottom substrate, the adhesive and the

t Op 1 ieSiduiidovie dothbOUPLH: of B EBion! dh dicar§ Ay NUOUS

roll fabrlcatlon process. y conprise a

hot AgiPicordyeter devirgtieglides a hotom sukstrie himingamelecirivglisheat
and cBhRRAH Brih@. e pls QAL 08, dﬂgchg’c%ﬁ ! gondlé%[vF pg‘?@fgg]e let

material. Alternati e y, the adhesiv
by étspw@éﬁtere@neth@condwtve@aueracan bnfpnmaddg@baingp{puﬁenng,

e Seg pleafthdaAbng B okttt P e s st
as aatieef semmoudumrelmtss@nh mnehrﬂhabr el@hAO BV a top

e RS LN

before formn
be pdiesivei dlspmﬂ éelt;weat theblemwmoﬂamlvmrﬁw&d e of

t he n.t he sem con el enent s
di s 8%‘?@%515’ 2 ‘%8““’ Bt ) S0t Be pission 5 AeRvEE L0
Thebipd dedbesubssinael topthsé b@tfdﬁn Qibskraie sS ARl SREAREOR conductor or
el eﬁl%@ ﬁ can %‘e fO{ 96'¥ el ectrostatically
attrace FOF & ‘faF@ cqngucteplemen 6@8@6}%@4@ REQveht into
on gndt mantslhe‘dd in el?it‘l‘i@ﬁrcoﬁﬁi%rﬁc{aﬁ&ﬁ&fgﬁ% thi @Ecthm%’ conductive
n rn_on esi ve

bre aecger(:"nr orPthchop guabstrgte A?so t?le othgr gf the top conductor or the bottom

conductor of each semiconductor element is automatically brought into and

maintained in electrical communication with the electrically conductive surface of

the bottom substrate to form an electronically active sheet,

In accordance with the present invention, the semiconductor elements includes a
middle conductor region between the top conductor and the bottom conductor, for

example, an n-p-n transistor element. The adhesive can comprise at least one
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predeterm ned pattern of the sem conductor el enents
can be forned by magnetically attracting a plurality
wo@Rooshe93sen conduct or el ements on a transfer PENDS2005/010051
and transferring the predeterm ned pattern onto the
adhesi ve. The predeterm ned pattern of the
sem conduct or el enents can be forned using a pick and
pl ace device. In accordance with another aspect of the
i nv estdcirizally condetieapatibafor thakihe ah electelckt tainectionivaith the
i ncl u.g a @%{Qt om substrate having an electrically
con &\%\‘/‘8’“ T 5™ A top substrate has an
el ectrically conductive pattern disposed thereon, the

condyctive pattern cap he forped by coating, _

< DUt it Bkt o et 1t MBMSHRG Bt DibpREided as
pat treypactive élisdE niARERIGR tHS INHRESI OIS brﬁgh% &leboftbm
sem conduct or el,gﬁggrtlsggﬁeach sem conduct or el enent

haviSHRptate, tig ele wrRdhevvead the 1R substte ingetber in 2
CoN@yhiiout dilffAbREInPrédes@dhesi ve. The adhesive is
di sposed between the electrically conductive surface
and the electrically conductive pattern to forma

| amiatiiRive IPoAARERLY SebtinAGal Xcﬁ’i‘zﬁgbli ?&/ a@lﬁlﬁg ﬁéa?%lgo P

substrate to the bottom substrate so t ther t
t op PESAHRE b lagrnationte sefen hmhooretiuvatesial. oFhegwtsem of

S e GARBNRIRE SRIEHE fin tohrbhBRbA fil] I hORHIRL: bR
and mai ntained I n electrical conmmunication W e
el edomingithp angentidnc Themredgiermired paitdm vftbe samicadistor at e.

Al's i [ h tQ
con bec "egt?' cg‘# fbgrg% yséé%:?rg %t%t? u 05? %&Ha@#g e ﬁ{}ahft% 6t Jg%con&cmr
aut eleatents ahlayrabsferugdmber adiransfirringaheayiredetezohiied pattern onto the

I j.cal jcati ith.the .el ectricall
con hesliE, THOPPRL R Bioth b B GGt PL A8hents 1m0 an
el edomediby addgyetiaallyi aneactifedt plukditesfeanidandietonvelemetithon a

present. i nvention, the. sem conductor el ements ingcludes
i A A AR YRR R
and Thb prddeﬂemlfﬁmdlpmém%ﬁ e, s(ejl%&bpdlﬁm BRents d4h lﬂrfﬁrﬂtibdl usingta
transi stor. el enment e adhesive can_conprj se, a eas
one PR 2y t560 THOPBASH TR R1terH 66 ggf@lﬁ@@ﬁlﬁﬁoaslpmws

condyiCilio/e PRhdd 8NranSerr iR RiekBmaBndlcR% bleiread Fo/T RV
with the magidl,e conduct qr_regi on. )
lower tack adhesive to a relatively higher tack adhesive.

y D

In accordance with the present invention, substrate sheets are provided with a
precoated transparent conductor film. The p and n sides of each LED die are
automatically connected to the respective top and bottom conductor, completely
securing each LED die between the substrates in a flexible, hotmelt adhesive sheet
layer. There are no resist films to form, pattern and etch away. The transparent
electrode is not necessarily formed only on each emissive device using elaborate

semiconductor patterning and etching techniques.

20



The bottom substrate, the adhesive and the top

substrate can be provided as respective rolls of
woraioenysho and the | am nation formed by bringi nBCT/82005/010051

bottom substrate, the electrically insulative

adhesi ve and the top substrate together in a

continuous roll fabrication process. The adhesi ve can

be a hotnmelt sheet material activatable by applying

heat Inaaccbrdjprce svth e fresenttigvehtion, DEDI diicit Grosod defrticdntigctor

hot ng| e att n.of semc uct or

o1 e wliasd o g Sl Rise T e RGP S S sgugre by
bef 02 mfcm’rﬂ‘ihigg Theinvaitive dévi®nincldee catvesdngEM 8d between
patts?llg% og e sem_conductor elenments can formed by

el ecTPYE PLEGRAUFHVEG SURSHR S t i ng a plurality of

sem conductor elenents on a transfer nenber and

tra ferrlarh% redetermned pattern onto the

adh d %wﬁ.ﬁ ézlr%sp%lﬁ\@au%gp@}dﬁctg* erpiggive layer/conductor

sem eandyihetire %h@ﬁ@éﬁﬁl&ﬂ%@i}fepﬁadé‘%rﬂﬁﬁia@éy JTREMRIt Al Y
attracting the plurality of sem conductor el enments” on

a t3vairberonyentgesl LERydie., ér‘i@!‘l gheet ofdishtie fosmedBsies #i ned
pat t @nAns Soll-focroft %ﬁfa&ﬁnn%-r R&hed, eHE Ls%gm,oﬁegmgﬁeﬁ T Pie

of the sem conductor elenments car be forned using a

pi ckihairige garamercigly veidablerfiem pragrisavesesi ned pattern of

t he sem conductor elenents can also be forned by
transferring the sem conductor elenments froma

r el diniageardance witk thetiniertvediriern.\ae unexpaciedieatl} isobiained gierein

t ackyadsts ﬁfe )é {:dr?l H%gﬁ‘é) E eg{b‘g@d Wtc} Qh&tglgla Er[(fgtsa%? swe layer,

i nventi on, . are provi
pr eclotming ﬂleraam@iweenf the dewlagc (This atfiverfuyedls ehspomdmewveen top

si de al | conne ed tg
the PaB0uASlec Whstl, Afon AHABRN IR ESRERGL By tose
sec lIDgeih]sr,dadngEﬂ)le(iLlﬁ) Betbemeen thh euisstrbiss. r’Hte&Sw sélidand
fle ot.nel t esi ve sheet yer LHiere are no
+ o dsio odNgh oo it P BAE S penibR eaghtls heedl ot o
t r anop@aciesntfaces wdthtticqilmal slediide, ad ety sédmhﬁgdle%ﬂ y
on ea devi ce using el aborate sem conductor
pat t° é‘ﬁ%ﬁf’g@%&”&‘f’ hifraf“echm ques. 20 WD 2005/ 099310
PCT/ US2005/ 010051 I n accordance with the present

cut .froma seni conductor wafer

i nvention lfhEEg
ut i 14rBRgEPatly the ts‘Bﬂ?r&'aé doesppiwefithe syrface gfthe LED Weﬁl}é 50
M Cryetis tshedhelt Mifterial is melted, the p surface and the n surface of the die

become exposed and make electrical contact with the conductive surfaces of the

top and bottom substrates. When the hotmelt adhesive cools and hardens, the
intimate electrical contact between the LED die and the conductive surfaces is
secured, making an extremely thin, easily formed, extremely robust and highly
flexible light sheet device.

The resulting device structure is easily manufactured in a continuous roll-to-roll

process, there are no resist layers to form, pattern and remove, there is no doping
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200 m crons high. The inventive device includes

conventional LED die between sheets of conductive
wGaasvysies. | n accordance with the present i nRERNUSNS/010051

a conductor/em ssive | ayer/conductor device structure

has an em ssive | ayer made from an array of

comercially available conventional LED die. A thin

sheet of light is forned using a continuous

r ol | intpdace of thereenissive etements,ghm'e tfe@d aligrigentiBéuRg for making

conv LED t hat ) |y avai | abl e

frorr‘%%ny ?bglle@eag ns rf%°8%8?‘§%ﬁ’8e?lgﬁ$ﬁwsweﬁ¥§m&f%p and n

systsunfaca mummm@me t@Bak ith $headpadtive domiiehi®l sirfacd® when

LED can be emhedded |nto a hotnelt sheet
adh tg? 5% &’%’Pﬂs plastf fﬁgﬂ%‘ﬁg staterang theylappiaptionris plaged between
devimessurbitblieré CThenewhaytBs hdtel | ha‘&aﬁﬁ afle BREVRARNOR fudHthto
bott om sheet .substrates.. Wien the hotnelt is heated,

t he WiFCPReTent {qnypsten compnpsise shegtowith pach diejsgeueelnlpcked inhe

LED eféceridabéoneRNwidh the piagt doald®fors INBE ﬁ)p' and BQﬂtdrﬁi siRfates. The
flexi bl e, adhesi ve conpl etely surroundi ng securil ng

eac FIHTeAevISs cnpsistsaf Jush reeshopt tayers éthe mselbstva‘tqsrand the
pl anpim&tl/ges LA9E la glaP@ah aﬂ a?e%cdff hrféganfi 55‘3 {glx%qrolls

substrate to the ton1substr Appar ent
hotnelt materi al does not wet the surface of the LED

die "ﬁfé‘f)rés@nt lﬂ%ﬁﬁb& 8 grcnﬁfeﬁ%ll f@{gesgée@ ofiirf‘orggTe =) Oéﬁb‘glg

surface and the n surface o
and meieial. eS@z:strﬁﬁeébﬁetscnmlmmlmdt wiitlt precoated domduictiee films, or the

sur f36&R49 d{]ﬁfr&ecan b rﬂ@&largf]ﬁ artt(rg,lg]écf] g‘lpe%{l% gﬁtg ?thets}/l%a%es. Bne

hot nel t adhesi ve co
el edimiigairansparenicondistore Fhe tdndutiEd fitthepravide tivh of a plurality

f Ki tr
f ﬁP%%g?s/‘?F Wt%n a%?rgé fa of’le:c:re le/cgﬂcggﬁgpen%ﬂ%nqes%ﬁp%tecﬂg
f | exedntance, |agtht1n ebnmﬂy tdmsparmt wiitidw fos ethitfir@diotle ih @ecordance

str Si nuf ur.e t i nuous
7ol VRS plofent B8 . R A oot fle G0et o pespure pp
f or ieatpdiptessure mllef the MBEdie bifeafReek&l bebveta MdKbstrile WEts and

R Aol o o S bk Bl B ol e

ek iand) caxngtia Cicewo-Fite thi@add with the prodehibd eafiusiveliies OTigs
Inth%lnvnlvesstem }hese and n
enables each die to be automatically connected to the top and bottom conductor.

In accordance with another aspect of the invention, a method is provided for
forming a sheet of light active material. A first substrate is provided having a
transparent first conductive layer. A pattern of light active semiconductor
elements are formed. The light active semiconductor elements have an n-side and
ap-side. Each light active semiconductor element has either of the n-side or the
p-side in electrical communication with the transparent conductive layer. A
second substrate having a second conductive layer is provided. The second

substrate is secured to the first substrate so that the other of the n-side or the p-
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surfaces automatically nake contact with the

respective conductive surfaces when the hotnelt is in
WO e@spd|st i c or softened state and the | am nat PORUS®05/010051

pl aced between pressure rollers. Then, when the

hotmel t hardens, the entire structure is fused into

one coherent | am nated conposite sheet, with each die

securely locked in electrical contact with the pl anar

c onciids efreaclolight hetive sepmaasmﬂubtot tleners itbslédtidabSomntit@cation with

Foo SERERI AN kS Plusla e ledes oF Fape sl petial s

t hatfouned. each be prepared off-line and put into rolls.
The present invention is provided for nmaking sheets of
inorganic LED lighting material. Substrate sheets may

be Urheltrangehronit fikst &frﬂﬁé’cﬁfb eFecagtsbatpivea frhﬂsﬁ&ent‘%aﬂr@
conduc ttﬂl ve, fil rrif rb pl_tht ed and patterned diréectly
ont PRI g thp sk subsiEpie MARTPREIECORting (8P ke apitlied as a
conduaihative Hk®r coMldie adBesfve! N8 provi de each of a

plurality of LED die with a direct, face-to-face
el ectrical connection, device-protecting resistance,

and BR paRéh Galibt a&ﬁ@@&aﬁsﬁiﬁkm%faﬂ&ws E heGHnddl l%g hen

light. In accordance wth the present Inventi
a holssepstaticalleatiragiing éhed#gbwﬂt’wnmoeémr@mfena to héranséal

Pr €Sdmhiser. r”ﬁlehet'iansﬁﬂ‘ﬁl Iﬂ'x:tettgé pqgﬁ%%e%éf% c%giﬁe?e%e%lg%om

substrate sheets and ace o
eac hejiranstsr egrber mﬂ'@m@'ﬁt Sllhsiral‘m tThe Itnanﬁdhmhnenmh gelude an

and - . oat e
Bt {8 s R RS b B 5054 T
aut @ﬁﬁ@rn@hﬂwroef@ﬁmémyds ¢ftectivecfot elpctimpidtidatly ammnng the light

con ct ..of the
v as i Smicoh M ARSHEARR A Wbty NG P HBHGo1RS hoo
of ISergthChtctqr\zbmms éPheaipncaApﬁttdnsﬁg sfitbsdptedeReiri® coating can be

Pr oy, e first c ctive |layer.
A pat ?eg(r}% o gﬁsfn gac%c?mgggaé ﬁﬁiﬁbﬁggi‘%ﬁgmﬁ Sé‘?‘{é’“ to
for llimd)rodélseuded QphﬂasaOIrIDE@ EEdrS Gnlﬁiscm@fralﬁféi ARATber May e

an QO]% de a a p-side. Each Ilght active

sem CoRAUct el enent has either of the n-side or the
p-side in electrical communication with the

tra ent conduct | aye A second substrate

havi ﬁ?gﬁﬁ Sé"eecp&ﬁsméa‘h{%@mfﬁ o the Bst substapte far gdipring e pattern
secofilight a¢th@tserdictndustos SRmEMS 1o Be HB?Slfbkﬁeﬁé Rh'&ﬁe{tfvélgr €rSO
t hat %he @ther of the n-side or the p 2

200%(} Y) aB@edhesiys patterp gaycplsp be formed on the ﬁrst substrate for
adhering the second substrate to the first substrate.

A pattern of light active semiconductor elements can be formed by forming a first
pattern of first light active semiconductor elements and forming a second pattern
of second light active semiconductor elements. The first light active
semiconductor elements emit light having a first color and the second light active

semiconductor elements emit light having a second color. Alternatively, the first
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side of each light active sem conductor elenent in
el ectrical comunication with the second conductive

wo 200810993Thus, a solid-state sheet of |ight actP@EUS2005/010051
material is fornmed. The transparent first conductive
| ayer may conprise a transparent coating prefornmed on
the first substrate. The transparent coating can be
applied as a conductive ink or conductive adhesive.
The lixht aaiva sarhicondyhior aletnente et hipltandl thetseqoné lightentive can
be forned.b

| ectrost at . I ttracting the |ight
oot | e i SHEHiSPl desticd SRS Mrrbor
Then, transferring the attracted |ight active
sem conduct or el epents fro t.he tr.ansfer nepber .to
o PR e B Rvbe Pl o il s eleiupen i g second
ant t&ﬁﬁ@ctﬁled i%ifbl{ﬁoﬁnfd)i@.td giﬁlhcﬁ'@f@&trbl%@, s‘oqnata[é@élﬂie ctive light
patterned el ectrostatic, charge e atterned. .. .
el ectdi¥eteqeqndusigr gement isaddpediably oy fgphing a shest of light active
el echhesAlRhpabid dfumiiohidg bé MPixéIed tisglR¥ cordsonkite
sem conductor elenents and tform ng the pattern of
| ight active sem conductor elenents. The optica

pat t e PaSrmQr lichGichR! QufdBdldidreldnRalsicRIbE AImbBEby HARRg a
for exanple, using a scanned |aser beam and an LED

| | ghiirsratiemeof fisstgplog Hght gmitfipgsegreondudion plesgentsy foarming ja segond
a dr%eﬂlxﬁf Sgﬁ)ﬁgg P%éh%lgt% {ﬂgpﬁg%gﬁéoge for n%ﬂé@ﬁgnmtgze f |gfa§t%u rd

s ubspattgmeofftird edlordichhemitting spaicordugtor efementg Fhe fiet panductive
Sem lﬁgé? %9%? Forfned'HE Qggd LP x—tetéFlfctdeg,Sahd ﬁ%@ﬁéoﬁnﬁtcgnducﬁve layer
or —additionally, -an a

Al ternatively, hesive patter
can faised e drot ofeelentrotlese sd thatstactsighpsctivet lighf astive

adhey i r A trate to ] . .

A pocriRptgfor S AR P B i ind SulBe b Ak Lpubte
be fafffomdiohing hioa fullepler fixaladd digpddytcompondnt.f i rst | i ght
active sem conductor elenments and form ng a second
pattern of second |ight active sem conductor

el enmnricsorddite whthragbdthén agpdct ailtth¢ in@entior,a methellig pevvided for

| t it |ight ' first | or. d, t.h .
secontie giehisifis d2Bér & autbie i armuded ‘o B conaypive
havi digfade 8 €sraitd oRGhefirst Abiteikd) A bty of LEE dick isbrdsd ddhe

2005/ 099310 PCT/ UsS2005/010051
conducu%fe pattern. Eac% LED gﬁe%as an anode and a cathode side. A second

substrate is provided. A second conductive surface is formed on the second

substrate. The first substrate is fixed to the second substrate so that either of the
anode and the cathode side of the LED die is in electrical communication with the
first conductive surface, and the other of the anode and the cathode side of the

LED dice is in electrical communication with the second conductive surface.

The first conductive surface may be formed as a conductive pattern comprised of
at least one of a conductive coating, a conductive ink and a conductive adhesive.

At least one of the first and the second conductive surface is a fransparent
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l'ight active sem conductor elenents emt |ight and the
second light active sem conductor elenents convert

WO p@howseoo el ectrical energy. The first conduct PUBUSAY&E010051
may be formed as a grid of x -electrodes, and the
second conductive layer formed as a grid of
y-el ectrodes, so that each respective |light active
sem conduct or el ement is addressable for formi ng a
sheebnduictdri gﬂkttlezmmne\oé‘ thenfrsteani de seapd ltbaduefivd sunfatd ioni n g

act PO R DB FER AR S5l b s g Srepri

a fsinfge qaabe ﬁmnedfusihg apkintiy) methdd. gitie ;&ii\i'nhg msifod may

sem conduct qr el eImen formn atter

S e GREPESY thieast gimor kS ARt a@asafrpr@%@ﬁ@gg arifle
f or tiagh lanﬁthigrrﬂethcnabtg@rvardﬁnnhhg f@the® bAd a Hordh trawfr klidend
sem conduct or .el enent. The first conductive |ayer may
be PERMEMSNOd orid of x-el ectrodes, and the second
conductive layer forned as a grid of y-el ectrodes, so
t hat each respective Ilght active sem conductor is

addr¥sdhssive leysr mayrheifarmed betyeen thertop sypisiratg ard the bottom

Mat §ipsathtd aﬂﬁbidﬁesn%flaﬁeyﬂfé} b&ﬁ]{)ﬁk@ aPRadt ohdlbt & ébﬁh&'i:lve adhesive,

pi xel at ed dlsg nmponent n accordance Wt

anotaseni-gamhie V%#dh?%\é@ phipsetivgmdhesiviest epnduotiye pplﬁmw a@gemi-

for coxfldﬁ'bﬁ‘vé‘golng Qm ar?ﬁbﬁl goﬂ/ﬁ}é g@funéu(fﬂ-éhﬁ&n la e can
tcondu T4

substrate rovid ctive surfac
f or eedorored bebwéenrtieg ton @blsﬂtrla@ﬂ@er #ddghe b@ttqm pifbstraelagkrc ’eI‘he

IS T g@ﬂ-eﬁﬂm’cﬁgaapﬁﬂgﬁﬁﬁés C?‘éﬁa%%hé &f £‘r é%rﬁglt%a%tegﬁsan

an ano and secon
pr owillsive, Mdseamddcteonduct i ve surface |s forned on the
second substrate. The first substrate is fixed to the
second substrate so that either of the anode and the
C at fithe patserd@f hEl] diee ¢anDedormed dyietecebstaticaliycatracting the LED

cat o t he i rst ond t|ve S
© o B Adshftadbndeitha i Glns RIS att Gt Ry 0 e
L ED tﬂnsfa member te ltl&acﬁrsﬂ abaﬂumwrmrfuce amaxmnwﬁet ineﬂnha may include
second co ctive. face flrs uct i
o A OuRRHEHEE ying B ASE or o i Rl ol charge, the
compaitéiel elbctroatatit el@ﬁge By dffectivedOnéleiiokidfcallp adrhétihg ard

conducti ve ink ang nducti ve adhesive. At | east
one Yming, hepapierp of k Dt £ second conductive surface is

a t B gRaso el dttic\MoaRR2 X B9 PaikbhelGdin@20MD bibldH 33 danned laser

beam and an LED light source. The transfer member may be a drum, a flat planar

member, or other shape.

In accordance with another aspect of the invention, a method is provided for
forming a light-to-energy device. A first substrate is provided. A first conductive
surface is formed on the first substrate. A pattern of semiconductor elements is
formed on the conductive pattern. Each semiconductor element comprises a

charge donor side and a charge acceptor side. A second substrate is provided. A
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conductor. At |east one of the first and the second
conductive surface is preforned on the respective

wo peosp9snd second substrate. The first conduct P@EUS2005/010051
surface can be formed using a printing nmethod. The
printing nethod may conprise at |east one of an
inkjet printing nethod, a laser printing nethod, a
sil k- screen printing nmethod, a gravure printing
met $esdndemhdactde sanfack issfostiet os theatcond substiateg The fisdslibstate is
adhgs

AncEiS g e S st S el b iy ©

c 0 rmrrcelster gifie bfahssennmdoétomlemmw ixtih %cmdlile:smca@n with

ondu ive a a tive adheS|ve
S ol EE st B iny i St 3t dotas doBPUARLS e an
i nSwcaﬁtbi«lﬁd@@ﬂthé%ucoﬁdﬁdmcélbﬁlﬁnt@ &hﬁ@lébt@galloamrun&aﬁbn Wigh
f or ped be substrate | ayer and the bottom

he to
sub F‘éct"@ ?We'ﬁﬂga‘%f unct i on- enhanci ng | ayer
includes at least one of a re-emtter, a
light-scatterer, an adhesive, and a conductor. The

pat 185 firsheonduetve surdace isforeed at neandugtive|paiern somatised &f pty
at t 3G bhoor 4 bhdbde cSiting, 4 QoiubiRNalt 81d MBI ive %ﬂl%lve At

then transferring the attracted LED dice fromt
t r al§ast epe pkthp Arst ansl thegecend gendugtivp rerfpeels gmrranm@m cpnéuctor

tr apsfegl oH?HPﬁﬁﬁfEPéﬁld &GS d cARiy gme%u?éase% bR bh AR

effective ding a patterne eectros atic
c hategRectivehfdrst gndsecond é@bséﬂ’fectﬂ@éirﬁtcpndl@hw grafabemaybe formed

For Bty Pt peyR; 18P bR eoR bl SR s one oran,

co amhegpmﬁmg m@ﬂ}@dt 2 sargdnting mgthat, 4 glsicreon enminganethod a

f?g%gﬁﬂ |p § mgﬁc?dun@%ddoﬁg sfér SE‘%QI Pﬁﬁ’tﬁ‘f Clﬁethc;r rr: nber

or ot her shape In accordance wi th anot her aspect of

th d f f '

1 g RIERAE B A BB oM b B RS soieie P Wi buftneq.

A L substrate Tk athesre: layen ?faﬁ coOmipsisd alrlmdomlmffahenddcnﬁd adhesive,
trat t ts i

o R PRk B SR FRRMSLS o SRR Bl s

el egeaidtictie @iﬂfyhﬁe@ Sndan ﬁlbmtgﬁe singr. AlfdectidiénBan6ing [ag@f can

acce second substrate is provi
J) %orme etween e top substrate ayer and the bor‘gtom sugstrate fArer wherein

the function-enhancing layer includes at least one of a re-emitter, a light-scatterer,

an adhesive, and a conductor.

The pattern of LED dice can be formed by electrostatically attracting the LED
dice to a transfer member, and then transferring the attracted LED dice from the
transfer member to the first conductive surface. The transfer member may include
an opto-electric coating effective for holding a patterned electrostatic charge, the
patterned electrostatic charge being effective for electrostatically attracting and

forming the pattern of LED dice. The opto-electric coating can be patterned using
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WO 2005/ 099310 PCT/ US2005/ 010051 second conducti ve
surface is fornmed on the second substrate. The first
weawsnysie is fixed to the second substrate sPCT/H&1005/010051

ei ther of the charge donor and the charge acceptor

side of the sem conductor elements is in electrica
communi cation with the first conductive surface and

the other of the charge donor and the charge acceptor

si deatddast dve of @ n¢apoetdaset beanedrelrap MHEED ilight sourk e The iramfer

A A R R AR e R e

pattern conprised of at |least one of a conductive

coat cond e ink conduct i ve adhesi ve.
{rieqrpte o o bty S0 Ry o0 dayint ST patiovided

s u r f R3¢ eheets oahgl{t atRatiRdal. CA Mgkl Sl rate Mk aHﬁﬁ.ﬁiardﬁﬂﬁrs@f

the first. a d t he secogﬂﬁﬁonductlve rface

pr ef @pﬂgﬁlvs ypin & PRIl dightActiyq Seapicondyctos elgﬁ)gnts fixed to the

s ubsfirsedustrald) €T Hel light acti P EdONIRtSHIEIEAERs N 2R S-S B E p-
using a printing. method. The f)rl nting . net hod

conpides Fash light activesgmicgpdugier e empfebasmﬂhmqf g fhiia%%fdhe B

| asefigdiniekire caﬁﬁxhﬁad:au&l Wit éﬁe ﬁ&ﬁ PESAUERG 1Rt h&@econd
a gravure printing nethod and onor transfer sheet

pr i niubHEAtedRds W@GCOHMO%ﬁ%%q Igyer | éyédh@saw speuresghergagond substrate
bet waaR fillEsubQRuSHNRA RS Snddd b liaes&?s; AEp- s?&étlﬁ{ea&t fight

The adhesive [ ayer may conprise at |east one

condistive seanieand ugpr/dement isgie plectenh ggmwwecaa@mwh ﬂ@ seeond

| nsul@lih Mfe ?«%F}e th‘ﬁ? a8 s@l E90Y lj#ﬁvg ﬁé‘}f&eiﬁ forﬁleﬁ € m -
conductive p an i ative poly

function- enhanC| ng I ayer can be f or med bet vveen t he

t op fﬁg lﬁ; Ofx1p

wher el n én%%tr% h%g g ﬁ&g’ﬁ ?1 %rc‘???{gé ey‘é r ba,sﬁan]?ﬁagent %‘é{

| easprefoneedén the fiest euhstrater Theatrdnisp;inéntsaoaﬁﬁgacraﬁ tbe a camductwe ink

adhesj v n ond r, attern.of LED d n
pe. (i SBarBY afbeify CAF A TR PPEDS FRlpey RE v siare
di cefor adhenng ﬂmgﬁmm ?ﬁmemﬁvasiﬁntdiﬁuctdr araﬁffbeﬁfs I"tdt> e ﬁré‘te
attracte i,.C rom.t.he ra er

£ 1 oPBRERe AT Sy, dr 3Ot Rt P BiRIEeY frdptined on

i ncl el first arbsogte CorabReing ke sécvall kitgsteikd ©ahé K6t fubktrate,

hol ding a patterned el ectrostatic charge, the

patterned el ectrostatic charge being effective for

ele Cl‘lfeq&ttahldfﬁ tYactdtelsb@icbhdi@tor Bmdnf Ay \GnipiRe R&tt fhttern of

of LED di ce The opto-electric coating can be
pat t St Ve, gpmic nductor elements and a second pattern of second light

Yot

active semiconductor elements. The first light active semiconductor elements
may emit light having a first color and the second light active semiconductor
elements emit light having a second color. Alternatively, the first light active
semiconductor elements may emit light and the second light active semiconductor

elements convert light to electrical energy.
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26 WD 2005/ 099310 PCT/ US2005/010051 at |east one of a
scanned | aser beam and an LED |light source. The

wo e@ssdsio nmenber may be shaped as a drum a fPEX/US2005/010051
pl anar nenber, or other shape. In accordance with
anot her aspect of the invention, device structures are
provided for sheets of |ight active material. A first
substrate has a transparent first conductive layer. A
pat t hefist cdndgétivedayei may dfnimed duz giid ofst-eleetridss, fand e second
to th flr e . The Light, act]ye e 1s .
seri SomeveERaRE B i B sl ofhlc Fosposiive g gotve
Eac hsémigériduaiot eleers éndisponeliat tthe respeztienintansestiaais ofithe xahd y
the n-side or the A side.in .electrical . co ni cation
& B s 3 e & P i oh? S el Bpabie
subsbf fiinetidhaf a9 apeehrd disphsl ¢ohipegedtayer . An adhesi ve
secures the second substrate to the first substrate
so that the other of the n-side or the p-side of each

| i ghtThe p&iteny 6f 1iBactiodsbutéontiuCloe Blements faal BoMpaRtd fir§idattern of
comr%ni c‘gti o&l with the, sg@ond conductive | ayer. Thus,
a soff¥cpaisht Fmiine sgricoyicRn lerents apefopd gatterpef second color
t r anggRTeBifing sdnfitondAREUShdnes bRty SihirdB¥i&iR BPthidRoRr light
transparent coating _preformed on the first substrate.

The emHEAapEMmisandecendemnsnt atheplirsheangnetivedaygempnie fogped as a
cond %g& ¥ S cREASRE, MR 1R QAN 8ShYR R TH & TR inFaY oA o AUfE dry-

on t first substrate for adherlng the pattern of -

| i ghelegieades e Thaigneting st ojecandansthisd pelox light pinjteng elements
subs . . : T :

par t o b disfselal e Licbiond o (X MY db oGRS
adhelgiigctivesemirondngtos isastdressabla. ocThusea shieetonf lightastiveanaserial is

T

conprise a tirst
sem conductor elenents and a second pattern of second

|1 9Nty o RLLNE ATERAINGLOLe BLURALS: o TR LA doligh
active sem conductor elements nmay emt=lig avi ng a
fi r stomplises a éirstl sutisteats e Adingd cbidindtiva strface issformeabothe ficst

el enments em,t 1.igh Vi.n second, col ar ...

A c ot or papRbr B B it E ondltive patgrn, Bpeh LED
el emdietias amyhodatid 4 ¢agfivide sidel 1Ahecomlmbstrdté Bidta saednd\cdnductive

sem conductor . el ements convert, ljght, to electrical
ener axy‘?acg %ormed onit. nA% adlsxeswe es the ﬁr& substrate to the secon% substrate

so that either of the anode and the cathode side of the LED die is in electrical

communication with the first conductive surface, and the other of the anode and
the cathode side of the LED dice is in ¢lectrical communication with the second

conductive surface.

The first conductive surface can be formed as a conductive pattern comprised of
at least one of a conductive coating, a conductive ink and a conductive adhesive,
At least one of the first and the second conductive surface is a transparent

conductor. At least one of the first and the second conductive surface can be
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WO 2005/ 099310 PCT/ US2005/ 010051 The first conductive
| ayer may be forned as a grid of x-electrodes, and the
wa@emsngh3iconducti ve |ayer forned as a grid of PCT/US2005/010051

y-el ectrodes. Each respective light active

sem conductor elenent is disposed at the respective
intersections of the x and y grid and are thus
addressable for form ng a sheet of |ight active

mat erefarmedagraihe eespestivé grstmdcsnd:qmg selsstratepi el fastednductive
di SRS . attern of |ight active

sem concc?u%ngfg@%ﬁfg%é%lpgaBrféé&n%(%nn%ﬂ?%e a first pattern of
f i r sSFhequinting inethbd maycermpnisg aslenst onnafiant iakjeepramting infethod, a

sec L ern of second col.or light emtting .

se m'qg%ﬁ g@%t[n 5ttiod & FfksSIISsA PHRYg P a?t%?‘ﬁ‘r%lag‘ft’rﬁgrn&emo‘l
col amd laidghér transfiet shestprinting methodict or el enent. The first
conductive layer may be forned as a grid of

x-el ectrodes, and the second conductive |ayer being

f or e adBesive Ydyedlis fovided Dk Oesy subkieate @@ BetowtBm substrate.
fi rs]fk,ﬁ?aaﬁcon and third coiﬁczgt [ight emtting elenents,
may SPGB G OB Frgers Poheongtuctivradhesiyry agemi-
gr i GofdudiR@idiRsed) ah @SRIBGHd MdBesivel HEInd@EHTe Rlymer, a semi-

sem conduct or, i s addressabl e. Thus, a sheet” of |1 ght

act 08 ‘f?Hf’"eP‘?lﬁtperr ad @d{‘%\‘%"% BEBere Adpretigncenhansingfayes can
Ful lbeqoingid Hetwdzh teqSp SlibsiRhaYayS0ME @RY3itton) SuRESB1HEN Clhe
wi th another aspect of the invention, a light-emtting
devifBgstiopspisnriag kyer mayringlude i teest pneof sar¢-pmiter, a light-scatterer,
CONGHGHhsRe Stk fad6Rddciorf Or Med on the first substrate.

A pattern of LED dice is forned on the conductive
pattern. Each LED die has an anode and a cat hode

Si dgn abvoprRAEQNWiS NS 1RPAUGLEN Stovi
surface (?f or ned f O%H%iﬁ{e? Qﬁkrg]aggﬁleeg? ‘\%}g&% g%@?ﬂ’e&}el}‘% st
subspmariges adirstisebstretso Adfisdvatindive surfoe tihformed b ére fiodt

t he i LED di.e is.in

ol ST TR el Bh AR Rl SRl IS rET bl R chbguyive

sur fratem. Eadh seméconduvtor eteinenhiacladwsdehame dohticlagatsidodad a
sid di,ce is in.electrical,comunication .
i ¢ e bl ARl b BB bR 1R ERE HBegERt oStuctive
c ondudiceferned rohdic Arcathedies fixes e dird Suld e0ndubé so¢6nd substrate
pattern. c rised of . at | t .one of a copdyctive
coat? Hlélt elﬁl%ﬁg%%tg%g{arg;edopmangﬁﬁe chares AeFTRIqns eé’g. ive.

At :csemisbr_ldmar efemkAue isfih blsttriad goﬁ]fiﬁnﬁml it ﬂi&dﬁﬁtdoﬁdfhcﬁve
surface is transparent conductor. At |east ong o

¢ he SPcgy and e iR o Btectitres donniand e caer acsenioaridpal the

semiconductor elements is in electrical communication with the second

conductive surface.

The first conductive surface may be formed as a cond uctive pattern comprised of
at least one of a conductive coating, a conductive ink and a conductive adhesive.
At least one of the first and the second conductive surface is a transparent

conductor, At least one of the first and the second conductive surface may be
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28 WO 2005/ 099310 PCT/ US2005/ 010051 prefornmed on the

respective first and second substrate. The first
w@eewdueive surface can be formed using a priPCT/O8R005/010051

met hod. The printing nethod may conprise at | east one

of an inkjet printing nmethod, a |aser printing

met hod, a silk-screen printing nethod, a gravure

printing nethod and a donor transfer sheet printing

met uaformedonidin tespeative yseand sscqndovbadet Hdteedbesivelpayt op

sub I , ' .

oy e Bsl O Jtihd TRk R o polSt sBERER, “he adnesive
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f ungidlymercaidandisoiptivaysymeran be formed between the top

substrate | ayer and the bottom substrate | ayer. The

functi on-enhanci ng | ayer may include at |east one of a

I e- dniabéc@dancawith giidthes asjdcesfalic present iatingsH Viie pAdid-radiation

conductor.. .I1n accordance with an tger spect of the

| nvERBieS ey P@W elegradqariyp sgeapd clectrdsippased adjagen torthe

subgirsedl@trode, fahd 8éfire st tthorbebibich aaephoto-f RHiIRH eBfksiol Sayer
tr A pattern of semi conductor elenents

first . sub te. of. 1 C .

is f3f pegin thegin, oHfisRbptogiadiafion qmaipsion lavex fncludes a charge-

S eMLEMBFHE MM ix PhASFRNAnd MEHERS gﬁrti%l@fegl%pg%e kithBYRE charge-
side and a charge acceptor side, A second substrate

i s SrowmunaRsasieh Tecwtesieontictietorecei s clegtisakeppigsd
on ighroubf g@@ﬂﬁgééﬁﬁnsiab% Srtrid YRatbdidl %ﬁplﬁtH Eiﬁ o ) st

second sSubstra so that either of charge donor
and lesrodhzndgbe sacerdelenirode photefradiziion Therpuninsive oaiculate

ol e LS i ek . . . t i r st
con%g%li%t\?éeﬁhdgﬂrr aag%% nlém The ot E%fpﬁ%(# %thiwag%'c Eg}fsg) 20%01%?)1%11on
and1is pigectivatog theaeleetemolymiedgation of hleoto-saindtimnuimabl®oerganic

el e?ﬁE-Eéali s in electrical communication with the

second conductive surface. The first conductive

surface may be fornmed as a conductive pattern

co i.S I conductive coating,
ComHetitka® anBhrt B o Moy e 3R Rt Borf Bt such as
onefhiid tleardlyte st a sohid eldetolstecmciddiag B ol potemetsléanodite SPE).

at HEBRY gc%mer electrolyte may be a polymer electrolyte including at least one

of a polyethylene glycol, a polyethylene oxide, and a polyethylene sulfide.
Alternatively or additionally, the charge-transport matrix material may be an
inirinsically conductive polymer. The intrinsically conductive polymer may
include aromatic repeat units in a polymer backbone. The intrinsically conductive

polymer may be, for example, a polythiophene.

In accordance with another aspect of the present invention, a photo-radiation
source is provided for the selective polymerization of photo-radiation-curable

organic material. A plurality of light emitting diode dice generate a photo-
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conductor. At |east one of the first and the second

conductive surface may be 29 WO 2005/099310
wERODsSBBOO5/ 010051 preforned on the respecti VECT/USBD5/010051

and second substrate. The adhesive nmay conprise at

| east one of the top substrate and the bottom

substrate. The adhesive |ayer nmay conprise at | east

one of a conductive adhesive, a seni-conductive

ad h exliation spaotrumsfeaivefor thd keedtive polsmetratioe bf pleto-radiation-

o e R AL o o 0B, 3 e

pr e ssntcontavy eth ieach,anblie of)ﬂnelrezpem«e aght(ennttmg)dnbdedlce A second
inclpudes, a first el.ectr second .e ect od

i < sl R s B S HcR S el o RPN RE Giode

def idiveN @t Rag @ﬁe bif’tﬁé ﬁbﬁtemdiﬂe aid pldeConidatbcab dedbmprises a

em ssion | a | S osedyta t he

phot’3uPaER i iPhlitg g dicy ﬁ‘i‘?mgﬂg@eggcﬁ{fgfl @ formation

t r amg peihd sqieédel betﬂ?@éﬁ &he&irstad%étrame aidi tﬁése\t@nmmﬂoaél ath®ut
di spersed W thin the chargl{elq-e transport matri

mat &< use of spifer eniviss PoRdipg rkbe plraiie of deetry permpently fixedjn a
e Nefghhatidd ddh& caha bOBast bANGIIRS firsh@édidode BRE @E sékbnd
applied as 'a voltage to_the first el ectrode,and t he
sec§lgiredearing g gendyrve adhgsiva foirxanyleethe gondyptjve adhesive can
par Q%e@éllfc/po@ﬁﬂs%rc ?Ja%t% Mﬁﬁnskﬁ@' BhéRiyé Pol{ RSP NSRert O
t he apfglled vol tage. This photo-radiation "is
ef f seifableangiesial.t Hee @m@@aﬂwwnﬂbwﬁ@plymr ey cIpprise a benzene
PhotyQs-agl afﬂe‘iﬂmﬁ%aﬁl?] c%n@t[cﬁ@@*)&ym & doih nsJ 4 ﬁolgﬂuophene

may ‘be an

charge-transport matrix mater
tr arhswmtdammtveﬂm thi errthediment ofthe iﬂvgmtwnelﬂlé'@-ﬁlrgbld}q acking a

sol | I I
2P el b latbool LT RIBEE RERAIT ey i
be ailepol ynmer el ectrolyte incl ud| ng at |least one of a
pol yet hyl ene gl ycol, a pol yethyl ene oxi de, and a

pol yet hyl ene sulfide. Alternatively or additionally,

t he It havglendervathshoprtesemtinvientiona b ercileld offenaking a @hoto-radiation

conatHiEt § 2 byl e s B R gy et

I N @midhydies fobaekaoiie. ﬁrﬂ'ﬂlﬁaﬂaﬂédﬂdﬂ&bﬁ abdcy dizdnasibeithad® and an

gg lc )éPrT%%n (@%\Rf ﬁﬁ g}ﬁqﬁ ac{qj{g)g% 8? agg d%éhgmgzggtggtmmh the first planar
| NVeBiduefdr. A seddall Praindflt@iduédr is disposed on top of the formation of light

emitting dice, so that the second planar conductor is in contact with the other of

the cathode and anode of each die. The first planar conductor is bound to the
second planar conductor to permanently maintain the formation of light emitting
dice. In accordance with the present invention, the formation is maintained, and
the electrical contact with. the conductors is obtained, without the use of solder or
wire bonding for making an electrical and mechanical contact between the dice

and either of the first plannar conductor and the second planar conductor.
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source is provided for the selective polynerization of

phot o-radi ati on-curable organic material. A plurality
w@boosiogHsto em tti ng di ode di ce generate a phot oPGODUSYD05/010051

2005/ 099310 PCT/ US2005/ 010051 radi ati on spectrum

effective for the selective polynerization of

phot o-radi ati on- curable organic nmaterial. Each die

has an anode and a cathode. A first electrode is in

c onfmaccondarice vethdie reseotaneéntionea methpé of inaldng & Gight active sheet

L i ode dice. | o ¥
it e e ey e SPR0 cuBeihg R bt sfipfEhett
di odlements @fo ar’ledirizalij inanlatiod mhtesalf iThes ligle lacitwersemiEoadigtor

the second el ectrode . ' tr. t
con GG SochihavT HIRFifs Flesrodh o o g i ARkHaEnt by pmy e
i N @lebtEicaMicbRductivdysulftdeng pBepidizit dodiadt wethrone bEthe infsile

el ectrode and the, second el ectrode w thout th se of
ol Slrge o e Pb%‘l?o‘??“r‘fﬁf’g?h A5 GPaeiuetYp 18Tt pagvidedt Contact
per R dierlof #RA-dide eiectdode Bld thep-dide dkirdde adtheyond of the n-
at | east one of the first electrode and the .second

el e&idp gfke pesidepf thedightngtive semigemiusioy glemerfs 154y slegffial

t he ccantHedohSyviddheRh tondddtive l?h?elaanﬁﬁb @at the/oRRl ¥FME h-Gide or

paste, an intrinsically conductive polynmer, qr other

sui fheg-edmefeesh wid hghtactivesemicpdustar plegispifs & glqatrical
POl YA BRI the Bot@nd SREERALy BRAUNIHN bitRice. THIR electrically

intrinsically conductive polynmer may conprise a |

pol yashlatiyshioaferial may cemprineiahimeliimateriah jaad Bwiheioompaising the
the | LD R RARKSHo sHR8hS Hothdlt material
obt gﬁeﬁég%elﬁ%o%etw #Ez’rérg}éeie k lct)lfe lgrgm i(le(?gté))rs wafte b%ndi rrﬁ;a o
eac hind endbad theilight active senligcondustordtamsatswilinp lighi@ctvees ent

i nvept f ki ng. .t adi at i .
0S5 DL T DB T o
pr o\or decimbingtion of ssmiadridoctorfelecirighitcircaibelements andi ather circuit

forned on t firs L anar ¢ ot . . dj
ot e A Goyidel o g8 BRSO AU AR e ERERAFickiP Befien:s
eac hinagteenit ssfirstvavelehgic df naidiation lard §dcomt pgrtiemali the light active
conduct or second pl anar condugct s ,di.spo
¢ o Seoppcios BRGRMS i F SEPoevnEReth of faiflinl R Efo gy can
th ﬁ b‘é@e@zﬁ&dﬁﬂ the are;teigamg litﬁfjlﬂdﬁvie :mdtéﬁfat; emt @hgs_phbzt lfreiﬁgh?tically
ot her. o e cat hode. an ode of eac ie irst
O P SEmolots P S GRS PR g iR eeERg o BghT altve
anChitbhﬁfc@ﬁch@)r BIRMBRNE Bt MidhBbid bshd Wevefepgthat i on of

ig emtting

In accordance with another aspect of the present invention, a light active device is
provided characterized by light active semiconductor elements embedded into an
electrically insulative material. The light active semiconductor elements each
having an n-side electrode and a p-side electrode. A bottom electrically
conductive surface is provided in contact with one of the n-side electrode and the
p-side electrode. A top conductive layer is provided in contact with the other of
the n-side electrode and the p-side electrode. One of the n-side or the p-side of

the light active semiconductor elements is in electrical communication with the
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dice. In accordance with the present invention, the
formation is maintained, and the electrical contact
wWowak/0943e0 conductors i s obtained, w thout the BPSEUSH005/010051

sol der or wre bonding for nmaking an el ectrical and
mechani cal contact between the dice and either of the
first planar conductor and the second pl anar

conductor. 31 WD 2005/099310 PCT/ US2005/010051 In

ac c apctendiectivé tayer tibthp odweof thé meide bf the p-suleneff dadeisad light

making a |.ight active sheet .i. L oyi . d
by e Srtip S L Htehu 1 Sertfy CopLGtoE M Ble oo
el epkettisallyRbmivativesigfader i cal |y i nsul ative material . The
light active sem conductor elenments each having an
n-side el ectrode and a p-side electrode. A bottom

el e@RIEFﬂiESCMMMONt(DN&‘fmmRAWINGS provi ded in contact
with one

X e n-side e p-gside..
ol et oot eidirata ohod Gf in 8 inave Rafpeiey i
Conb@fke shedt;t h the ot her of the n-side electrode and
the p-side electrode so that one of the n- side or the
p-side of the Iight active seniconductor elenents is
i N elRed 7 Iatates SR Al VeaRetid fBr nRGuficOPrifOH Hitg hbthe
| ayer  and so that the other of the n-side or the
p- siskRgt.of each said l'ight active sem conductor el ement
is in electrical comunication with the bottom
el ectrically conductive surface. The electrically
i ns digrd ¥ dlupteates anetherapnivsrpthasifonmpw: mrfmmllgbt.aamve
and
or o hE bl (FREPIL Bkl Bmod LRt PR ORISR lotths
mat eri al and enbed the light active sem conductor

el ene i acan

be I ‘?4 1sa 'ﬁ%‘% g‘tebvd& ém ﬁﬁgﬂtﬁ@ﬂglg%gﬁ;er%lf es,

o r aomhmbvamthem fof fissrenthe substrdesand /et the light adtive S@ngtimducml‘
nt s an ot her circuit elenents and devices. A

fi rgf 8‘1511? ““of the | i ght active sem conduct or

elements nmay emt a first wavel ength of radiation and

secqnd rtion of th [ active em co 0

ol eirES A P S BR e an Bgp TS SR A S el oo
phosiafasnt 698s ofllighttcive @ettondudidreleplents oribetakdity be driven with
i nsul ati ve te[l al .. sai d phosphor being optically

sti PRPSFIEHORYY SleC gl P8 eni ssion of a first

wavel ength fromthe light active sem conduct or

elenent to emt ht of s cond wavel en
Figure 6 ?s a Cross- sectl%nal vgew an?nventlve t actlvg sheet having

additives included between the substrates to improve the desired light active sheet

properties;

Figure 7 is a cross-sectional view of an inventive light active sheet having the

light active semiconductor elements disposed within a solid -state electrolyte;
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In accordance with anot her aspect of the present
invention, a light active device is provided
w@eb@saeeer i zed by |ight active sem conductor ePENBS1085/010051
enbedded into an electrically insulative material.
The Iight active sem conductor el enents each having
an n-side electrode and a p-side el ectrode. A bottom
el ectrically conductive surface is provided in
contFigire Svistacrasaenibn view of as instentivk Gglitnciiee et haking the light

-sid I de. conducti.ve | | ]
" ebReaebeonfREr AEmbAR AR Sl S T ol Pa AR,

t he crrigi;de el ectrode. One of the n-side or the p-side
of the light active sem conductor elenents is in

el ectrical communication with the 32 WO 2005/ 099310
PCT/F 0209 B/ 188 3dctioh dlewa@anl ik titwe liblgveivaddetthaengther
of the n-side or the IP_Si de of each said I_#%gt. active
s enitesylatns cpatpriakisnoseh betvween thedpp and potiom SYRSHART cat i on
with the bottom electrically conductive surface.

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 i{ll ustrat es
t he Fignre b isaerosasersanal siew pd fieriaventivs light actysehest htps an
|'i 9hGB 8&hitdRushegiment patskEro? fdrinkiaSet iRl Sfor MaRt dhfiksive

i nventive nethod for nmanufacturing a |light active
shealisplagi gure 3 illustrates another inventive nethod
for manufacturing a light active sheet having two or
more different types of |ight active sem conductor

el erfisgure 11 ispj agess-sectional vigweal dhednveativy lighbactieshpephaving a

i nv ' ' agtd, ing a conductive
adhgglé\})\é?e t)ér&%% ng %{E%rﬁlgﬁgést a?llg’s and/ or the |ight
active sem conductor elenents in place; Figure 5is a
Cr 0S§: i.an - . V: Ve -
shedleREs? K Fus SR yehr o bkl Aftveli King o
s emtonsycheent ubstedtewdinh sorgavedertsegstdny, be driven with
opposite polarity electrical energy; Figure 6 is a
cross-sectional view of an inventive light active
shedtigdra¥$ isgin eapldddd wesof theinuehtide hght weinre shbet having a melt

subsatdflg\stw%smets ; i nprove the desired |ight active sheet

—

Figure 14 is a schematic view of a method of manufacturing a light active sheet

utilizing the melt adhesive mesh;

Figure 15 is an exploded view of the inventive light activ-e sheet comprising a

substrate having position-facilitating die dimples;

Figure 16 is a cross-sectional view of the inventive light active sheet showing the

position-facilitating die dimples;
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properties; Figure 7 is a cross-sectional view of an

inventive |light active sheet having the 1light active
waessomsduct or el enents di sposed within a sol i PEHUS1005/010051

el ectrolyte; 33 WD 2005/099310 PCT/ US2005/ 010051

Figure 8 is a cross-section view of an inventive |ight

active sheet having the light active sem conductor

el enents di sposed within a solid-state charge

tr apBRRI17 i§ ad Sipiyded vibv@il the 1ight tive shea havisg atibasivedraplets

of an jinventive |ight active .sheet having a .
s B 8 eiconduti et (80 R S En e A Sl
SUubgfehigl &Bitrdré BUAhEboHIM subsiratd; 0Ss- sect i onal view of the
inventi've light active sheet having an RGB

sem conductor el enent pattern for formng a full-color

|1 9RfouRIM 8IS b BxplSled RleRYor tHe! LY Rtivelshed having an electrical
cross-sectional view of the inventive light active
shetasistaacaieguang opdussipagihpateifst rate with a convex

| ens system Figure 12 is a cross-sectional view of
the inventive |ight active sheet having a transparent
sub&iguet ¥ initsthematoviewobar iayentivgmetbpd o wlactygng g light
expl ) T : . .

P P E ot i gl bR SlebtEymBOY b o BRAR. 1 ¢
vi evegptragomeftthochngituanpartsaf therinvegtive lishighneehduringdhes heet
utilizi .he . adhesive nesh; Figure 15 is an
exp%‘é{]&g‘d’:’lr&\?@?&sé’he inventive |light active sheet
conprising a substrate having position-facilitating

di e di s; Figure.16 ds. f - ' ' f
e AR B i e B RE LI 4 £l
pOsidid) bavifie inhgricdalingtiditve dlemehies facltate\@iQ S 009 31
PCT/ US2005/ 010051 Figure 17 is an expl oded vi ew of

t he TPYFt active sheet havi ng adhesi ve droplets

Figure 21 illustrates the use of a magnetic drum and electr-ostatic charge source
for orienting and transferring a pattern of semiconductor elements onto a

substrate;

Figure 22 illustrates the use of an electrostatic drum and rmagnetic attraction
source for orienting and transferring a pattern of semiconcluctor elements onto a

substrate;

Figure 23 illustrates an inventive light active sheet thermoformed into a three-

dimensional article;

Figure 24(a) illustrates an inventive light active sheet fabricated into a lampshade
form-factor having a voltage conditioner for conditioning available electrical

current;
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for fixing the sem conductor elenents (dice) to the
substrate and/or for adhering the top substrate to

wao b@shestom substrate; Figure 18 is an expl odePCTUS2408610051
the light active sheet having an electrica
resi stance-reduci ng conductive grid pattern; Figure 19
is a schematic view of an inventive nethod of
manufacturing a light active sheet wherein a
hol e- and- sprocket systemis enployed to ensure

r egi . > . . . b
| O EEE B oalel iy RO AF QB3 EeBlcstcdnd DA
20 fanmefactioshdvalzadoltagewonditiener foreemditioningsavailableretbaticar
elenent (e.g., LED die) having a

rragﬁ'étf‘?n&al ly-attractive element to facilitate die
orientation and transfer; Figure 21 illustrates the

use_of neti c drum.and.el ectr.ost.ati.c char,ge.source
o Fra RSk el TBR o i B SR bt et ea S
sentigiandivclonnh fetor siew B Figir@24 substrate; Figure 22
illustrates the use of an electrostatic drum and

magnetic attraction source for orienting and
t r apsluey 2d(DAll@upRé ifihfendle BRREIRONBUEHRE] B SIFRNALG - ALY

a substrate; Figure 23 illustrates an inventive light
act (KD weialled a5ap glsmepfofaqelisle §dskigldee-  di nensi onal
article; Figure 24(a) illustrates an inventive |ight

active sheet fabrjcated into a | anpshade formfactor
hav Figyre2a6bl is a jlock diagram; shawing p dFivies glsult foramgventive HUD

avai)ighl BneloR Gididmad sysemdf rent; 35 WO 2005/ 099310
PCT/ US2005/ 010051 Fi'guré 24(b) illustrates an

inventive light active sheet fabricated into a

li gt . ' . a+val . iti .
A R S A s S
25 fiflexiblecenergy eHisioni owklight/¢omponént for and@hdisplay dystet

sheet enployed in the

Figure 28 schematically illustrates an embodiment of the inventive photo-
radiation source showing a semiconductor particulate randomly dispersed withein a

conductive carrier matrix;

Figure 29 illustrates an embodiment of the inventive photo-radiation source
showing the

semiconductor particulate aligned between electrodes;

Figure 30 illustrates an embodiment of the inventive photo-radiation source
showing
semiconductor particulate and other performance enhancing particulate randomaly

dispersed within the conductive carrier matrix material,
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light bulb formfactor show in Figure 24; Figure 26(a)
illustrates an inventive |light sheet configured as a
whead®ouspe di splay (HUD) installed as an el enePtT/082085/010051

vehi cl e wi ndshield; Figure 26(b) is a block diagram
showing a driving circuit for an inventive HUD with a
colli sion avoi dance system Figure 27 is an expl oded

view of an inventive |ight sheet utilized as a thin,

br i dkgure 3% llastiabss en ewbedigyntef thiegirentivetrdiototiadihtion source

co . . i A em.. Fi gur. r s
ccnana gelon ey el B R B Rl witin o

i nveatievwatpRotaterialadi at i on source showi ng a

sem conductor particulate randomy dispersed within a
conductive carrier matrix; Figure 29 illustrates an

e b @iburest schématioally ihwstrates the cpd3osertiom of atdntbiodisexit ¢fthe
showi n .thﬁ sem.conduct or particul ate aligned between
el ePUHELIORTAMONSBIP| ust rat es an enbodi ment of the
i nventive photo-radiation source show ng
sem_condyctor particul ate and ot her perfornmanc )
enh &SP ‘ﬁia % asiep & asgrehodiment aF Updpentiye metbRf A ping a
CONQUEthIr¥BatfoRlsbirds, sARihg the FBp OF tdladdidbn Man28R{v099310
PCT/ US2005/ 010051 Figure 31 il]Justrates an enbodi nent
of PAECHIAGERAT BUHHS PHO adettam;substats yitdbopmslashode;

di fferent species of organic |ight active particul ate
di spersed within a carrier matrix material; Figure 32

sch&irg Haillpsirates piep inthe venfive apeghod-of meking a phgtoagdiation
arbodi . . di ot | ' o
Fi oo a0 vfipe b ep bOVERIRI RpRARRS e Upisd BRuARE R
i nvanxiseonipthp beftant elagitidag a phot o-radi ati on sour ce,
showi ng the step of the addition of an em ssive
particulate/matrix m xture onto a bottom substrate

wi t [igueot 3oittusstates Bistop é) thEinyentiye 3abthiod| of stakiag e hato-sadiqsionn

the sblﬂ}!e? Qﬁdv&%ﬁg {iE L&Hﬁionogf a%kﬂ&gen?to?) rl%s?r'a{e %&qﬂla%}alng)grent top

electrode over the emissive particulate/matrix mixture;

Figure 36 illustrates a step in the inventive method of making a photo-radiation
source, showing the step of photo-curing the matrix to form a solid-state emissive

particulate/hardened matrix on the bottom substrate;

Figure 37 illustrates a step in the inventive method of making a photo-radiation

source, showing the step of trimming the solid-state photo-radiation source sheet;

Figure 38 illustrates the completed solid-state photo-radiation source sheet;

Figure 39 illustrates the completed solid-state photo-radiation source sheet being

driven with a driving voltage to light up;
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source, show ng the step of uniformly spreading the

em ssive particulate/matrix mxture onto the bottom
web@snywsue; Figure 35 illustrates a step in theCT/US2005/010051

i nventive nmethod of nmaking a photo-radiation source,

showi ng the addition of a transparent top substrate

Wi th transparent top electrode over the em ssive

particulate/matrix m xture; Figure 36 illustrates a

step in the inventive nethod of making a

PRS0 o UL B S

pho cur orma sol ate em ssive
par siaopbdoedtmawie segedmta a desoed tdnfigietidnom subst r at e;
Figure 37 illustrates a step in the inventive nethod

of maki ng a photo-radiation source, show ng the step
of Figumd INifjudthaes 2ol @nigahitonpii tiednveatiNedightshe movard on a
sheet:. Figure 38 illustrates the conpl eted

sol Saél%‘lgé’[og’%phot o-radi ati on source sheet; Figure 39
illustrates the conpleted solid-state photo-radiation

source sheet bei driven with a drivi vQol tage.to
|1 gtevTR? Bysois 3s) %ég&reﬂqs@?/%wm@%b%feﬁ%ﬁw@
40 inhbr'$d1tagé BopAiRdenbodi nent of the inventive |ight
sheet being cut, stanped or otherw se shaped into a
desired configuration; Figure 41 illustrates a cut
confrightd #3 ilIQdraRk teh@t Lonvisirhliotorl thaiRtenBiEfht SHRMHRAbyRD
a backing board; Figure 42 illustrates the cut
conferdightanpigsivesisntdse i nventive |ight sheet |ighting up
when voltage is applied; Figure 43 illustrates the cut
configuration of the inventive |ight sheet enployed

f or Figughd4 saivs en pemplegfagell-tEiofunauipgtusing process ubly e
of AN Ty el PP ["-iiﬂrkgd L 2L .t he

i nv ?ﬁ%@yg P %ﬂgtrgciléua [ g‘?{cgﬁ}rg ourc eﬁ%gfﬁ%i r %ﬂaﬁlg%}é&&c
photeigiel dispesédzzbieen dwg aertinuousshests afltopindhotenh sbstraeen
two continuous sheets of top and bottom substrates;

Fi gure 45 shows an exanpl e of a conveyor continuous

pr oFewsd 4fgshews treenaoipld dfzi cogveyar cutinuogs procdsking) systemoutiliziag

VG Uit MOk L i en@b M- Bation source;

Figure 46 shows an example of a light-pipe photo-polymerization system having

an embodiment of the inventive photo-radiation source;

Figure 47 shows an example of a three-dimensional scanned curing system having

an embodiment of the inventive photo-radiation source;

Figure 48 illustrates a conventional inorganic light emitting diode die;
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Fi gure 46 shows an exanple of a |ight pipe
phot o- pol yneri zati on system having an enbodi nent of
wao b@sioypsent i ve phot o-radi ati on source; Figure BJT/Bmos010051
an exanple of a three-dinensional scanned curing
system having an enbodi nent of the inventive
phot o-radi ati on source; Figure 48 illustrates a
conventional inorganic light emtting diode die; 38
VO F260649 88 ifes RECTHvesRe @bot0redistion (Eeblactivé)FSource or sensor

actHbY S PR J PR B ik Bl btk op e

sou NSor
e mbiohding tocd cxdlenah amedeadrvathvéeg W t hout sol der or wire
bondi ng to a common anode and cat hode; Figure 50
illustrates the high packing density of the formation
of HRigugé50 ﬂlﬁhtge@tésm@ hlgif p&éﬁn@l Heasitpbi thé falﬁﬂwioh f H%ﬁ efitHng e
with an.enmbodi rent of the ipventive. phota- r.adiatiqgn
oo e dice (pnable 1 peouRE B Holp SR KL TR oro-
phehdiatioadbadce;on source showi ng a heat sink el ectrode
base having cooling channels; Figure 52 illustrates an
enbodi ment of the inventive photo-radiation source
h a\Fi%iﬁe §1 39ARBb6KindRb ARt ihfedlivephdteadiAlonGoRee Bhdvwihé BY
the Tight output for photo- curing an organic nmaterrial
i n hgatsgkeleqtieedaseiaving £001H8 chaelsd; Fi gure 53 shows an
i solated view of a substrate with an optical surface

for controlling the focus of light emtted from an
enBigirere lugiratesiqe emhodimentad theHprestive abetatpdiatianuigrEcs;

Fi gUlifie 2 o?xlikfﬁ’g’an@ RARGALTBS coflenfriiGnk e Gk t for photo-
phot Q-%ag? ation source ﬁqvi ngcoa entr atéfhl g’%& ()siﬁ%%torp o0
C OrFyTiRg ¥t greanicnatrial in deonsintnss fabricatign methadopt i cal
surface; Figure 55 shows the inventive photo-radiation

source having a curved |ight sheet construction
shdigue $3 thova ah isglhted emavsefi asubsrateamitin ag optical suréace for

QAR IR I o L S5 BN

ruction ocal "po
| i ghdiatomsssicagn; Figure 57 is a view of the curved
I i ght sheet construction having a secondary

Figure 54 shows an embodiment of the inventive ph.oto-radiation source having a

flat light sheet construction with a top substrate withx an optical surface;

Figure 55 shows the inventive photo-radiation source having a curved light sheet

construction shaped with a light emission enhancing curvature;

Figure 56 is a schematic side view of the curved light sheet construction
llustrating the focal point of light emission;

Figure 57 is a view of the curved light sheet construction having a secondary

optical system for controlling the focus of light emis sion;
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optical systemfor controlling the focus of [|ight

em ssion; 39 WD 2005/099310 PCT/ US2005/ 010051 Figure
woisMIBIGEChemati ¢ side view showi ng |ight em PCT/HH2005/010051

di ode dice di sposed adjacent to respective optica

| enses; Figure 59 is a schematic side view show ng how

the light output intensity can be increased by

changi ng the shape of the curved |ight sheet

construction; Figure 60 is a schematic side view

showi ng two curved | ight sheets . havin . £0 | i ght
eni EurS ip eathepiinide ney showipglight e g ioe i digngaed
Vi ﬁﬁ%jﬁ&?{’\for}gsptewv%%pﬁéﬂléﬁé&;' i ght sheets having a
conmon

I ght "em ssion focal point; Figure 62 is a
cross-sectional bl ock diagram show ng the constituent

Par kg 0 59 116 scie4Re gpym KEin@6dW R lishertput Fritwityecah Be
IS attross-section ock diagram of an enbodi ment of

t he inicreasst hyvabangingghe shape ofitke Gmead;lighbsiips| gongtruction,
cross-1|inked polynmer (e.g., polysiloxane-g-

ogl i o9et hyl ene oxide) matrix, UV sem conductor

el efenirs60 RradchEnmtipbide view-shewing tweq curpgddightshgefs haying

cross-sectipnal. bl l.agram of an enbodi nent of the
invéﬂ’i"f‘k?é‘t“ ﬁegﬁfsmélgf?‘%%\l/g&g%eet having a |ight diffusive
and/or re-emtter coating on a transparent substrate;

Fi ‘e 65 1S Cross-.secti | C P "
DAL gy petieE RO T A ne B b SR nbfhes
bl ueommthnyighi @Miss@nbedpoingt or el enents, and |i ght

diffusers (e.g., glass beads) within the matri x;
Figure 66 is a side view of a commercially avail abl e

i norgank 62 iR reksaectioddl bCk A0QEIOSO R the constituent parts of the
PCT/ US2005/ 010051 . Figure 67 is a cross-sectional view

of dnvearvetaht e sheh | anp: Figure 68 is a

cross-sectional view of an experinental prototype of

the Fligt\llrg rtlwg IisV ae cross-section block diagram of an embodiment of the inventive
light active sheet having a cross-linked polymer (e.g., polysiloxane-g-
oglio9ethylene oxide) matrix, UV semiconductor elements, and phosphor re-

emitter;

Figure 64 is a cross-sectional block diagram of an embodiment of the inventive
light active sheet having a light diffusive and/or re-emitter coating on a

transparent substrate;

Figure 65 is a cross-sectional block diagram of an embodiment of the inventive
light active sheet having blue and yellow semiconductor elements, and light

diffusers (e.g., glass beads) within the matrix;

Figure 66 is a side view of a commercially available inorganic LED die;
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phot o-radi ati on source having a gap between the N
el ectrode of an LED die and an | TO cathode; Figure 69
WO 2008/029306S- secti onal view of the experi nment al PCT/US2005/010051
prototype of the inventive photo-radiation source
having a drop of quinoline as a conductive matrix
material conpleting the electrical contact between
the N electrode of the LED die and the |TO cathode;
Figure 70 is a photograph of an experinent pr ot ot ype

RS 8 1% S baRb GEN 45 oAbl bR, i ©)

conn op an /or tonre ’hrough a
char ge transport naterlal (qU|noI|ne) Figure 71 is a

h .
R PR EPY sk T e o o oSG BRBR ST Thlete
LED ghatspadiatibrsgoarceddviig i faprbetveen diredV electitle ol an HED dle and

carri (sal t -doped pol yethyl ene oxide); Figure 72 is
a pﬁﬁﬁigfﬁ%ﬂé%f an experinment prototype denpnstrating
an 8x4 elenent grid of |ight active sem conductor

el ements (LED dice). dis bet ween | TO coat

subdiigHe 82 1s FGrosr rseg 2l ey %ftdtteatxagmaﬂﬁrl ﬁrf&ﬂwwe ﬂ%*?*ﬂ%*&ve
f Olr lthBﬂ)UIfa&ilﬁfié% édgﬁ:e@lattuhgﬁl HropGf tll\,ﬁﬁolﬁfé%ﬁh coﬂtﬁlbtﬁ\@ Iﬂatmt( material
roll-to-ro abrjcation process; is

T eVOBPISRS (e peRie eon ereR o dpies of bR dic aid the
tr angpaagRle: conductor wi ndows and hi ghly conductive

| eads; 41 V\b 2005/ 099310 PCT/ US2005/ 010051 Figure 75
is a cross sectional schematic view of the inventive

i grﬁlgtﬁ@ b ¥ ﬁﬁl&&%&aph%@ Qx%:&»gnﬁxéxﬁ %?&W&en%@%ﬁg Qllight active
wi ndows an conductive |leads; Figure 76 is an
| s olmﬁetéb &P dlg)ewn@ﬁcteé toafap a@ﬂ/OLEwcu@vlp@@eélgﬁm‘@arge
ﬂyyﬂhwgﬁg Hinde | ead |line through a nore
ent

reS|st|ve trans ¢onductive window, Figure 77 is
an equivalent electrical circuit diagram of the

i nv se .S

"k 91 iR R o Efnt Hrbiblth} acritodtife b

shoviloatinglight emsgiee particulate (miniature LED lamps) dlspersed within a
conductive fluid carrier (salt-doped polyethylene oxide);

Figure 72 is a photograph of an experiment prototype demonstrating an 8x4
element grid of light active semiconductor elements (LED dice) disposed between

ITO-coated glass substrates;

Figure 73 illustrates an inventive method for manufacturing a light active sheet

using a roll-to-roll fabrication process;

Figure 74 is a top view of an inventive light active sheet showing transparent

conductor windows and highly conductive leads;
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conductor |layer on a transparent top substrate, LED
di ce enbedded in a hotnelt adhesive |ayer, and a
w@ondewsive bottom substrate; Figure 79 is an BXPUSIIE 010051
vi ew of the conponent |ayers of the inventive |ight
active sheet; Figure 80(a) is a top view of a
transparent substrate sheet; Figure 80(b) is a top
vi ew of the transparent substrate sheet havi ng
t r anBipaediitis a coshectdnyleschénnio wiewf o e Aveniive light ftige!siRet
80(c) is top view of the transparent substyate sheet
havi %?awmgzwgfi’%fe@%fmdwﬂde?%ﬂ'@ ,Onivcgﬁ? [wss;
conductive lead |ines and a conductive buss formed on
it; Figure.81 sho a two-part step for stretching a
rele 5@“"3 gﬁ%‘"ﬂ"r‘é‘lq%t\éﬁﬁ’?c‘?%? BT Qféﬁ%r‘@edl%i)%‘rn?@eddém
sem qaaekct Mad SheMPtoh a Ghdr6 st aRspARhESond bt Endd

is an expl oded view of the sheet conponents used to
enbedded the semniconductor elenents into an adhesive

hot nikire 91 9€dn eqhR ald FLARAOILE Bia Sl JFHEAARMEIO051

Figure 83(a) is a cross sectional view of the hotnelt
sheeeMjgonfduciefsiedige sircuifeni conduct or el ements prior to
renovi ng the sem conductor elenents fromthe release
stretch substrate; Figure 83(b) is a cross sectiona

vi eWigire{7fés hepsseseetionpletaw of thhlightractive debet shewingartchusptacant
el e f ' t ' t

Fr o Tt 1R of § Fabep i 6F o PO B BbE L P g
t op adhesivedéyet,aad anemtuciivecboktogistbsfaeet nat eri al
configured with addressable LED el enents; Figure 85

is a cross sectional view of the inventive |ight sheet
confhigre 8 isnntelxplodetbivies ofithe eompddend layerndfahe invaptivelight
86( .éé a1 op view of a bottom substrate sheet having
a gri d osfh %— el ect rodes;

Figure 80(a) is a top view of a transparent substrate sheet;

Figure 80(b) is a top view of the transparent substrate sheet having transparent

conductive windows formed on it;

Figure 80(c) is a top view of the transparent substrate sheet having transparent
conductive widows, highly conductive lead lines and a conductive buss formed on
it;

Figure 81 shows a two-part step for stretching a release substrate to create a

desired spacing between semiconductor elements diced from a wafer;

Figure 82 is an exploded view of the sheet components used to embedded the

semiconductor elements into an adhesive hotmelt sheet;
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Figure 86(b) is a top view of an adhesive hotnelt
sheet havi ng enbedded LED dice; Figure 86(c) is atop
WO e@d/o0e31@ t ransparent substrate sheet havi ng BCUSZH0®610051

y- el ectrodes; Figure 87 shows an inventive nethod for

manufacturing a nulti-colored |light active sheet

using a roll-to-roll fabrication process, this

nulti-color i ght sheet has RGB sub-pi xel s conposed
|nd|V|duaI LED di e, and nay be driven as a displ ay,

it t
dep ePe et 89{%% ta%gogé 8?1‘%88% ViR ?Cfgﬂégmuﬁg\?f%@% gh?intlfflfl?ﬁi ng
S ¢ hesamicoddu WD cRathisGRRD3 IreMcTihg i QBthicOiRR Pt elemictt F8mAke
is a cross sectional view of an enbodi ment of the

|nvéﬂF¥VéU?ﬂbﬂ{S§ﬁ@et configured as a full-color
di spl ay pi xel ; Figure 89 is an expl oded view shovvi ng
t he St i tuent conponents of an nbodi men

t he HAVEATEVE A ToMESCRBB R tEa" shsc i Aaedgedsr

di s gk@ondichdd¢letneBR afisr RMofnPIHRASHicYARIME BRIMAEY ﬁ’oﬂleche
mai N constituent conponents of an enbodi nent of th

i nvéﬂ?‘iS?étf‘FtplgﬁtbS@ﬁéet configured as an egress EXI T
sign; Figure 91 is a cross sectional view of another
enbodi ment of the present invention utilizing a
douBfigre 8¢ sc top igmaefiheinganteslight shegiypatertal cenflzoted ovith

Con%ﬁ&&%&ﬁei@ﬁ?bﬁﬂﬁﬁ .ape structure; Figure 92 is an

expl oded view o mai n_constituent conponents of
the enbodi nent shown |n Fi gure 91; Flgure 93 is a

cro of ~t he
or ca mFEES i\ et i Ry SEREBIERI GuokitfLyie
tap@dm&ﬁanéﬁiadedmmnsulatlve adhesi ve tape and a
bott om conducti ve adhesive tape structure; Figure 94
is an expl oded view of the nmain constituent conponents
of tFigure 86thpidianemtiewlvdaboitem kutgtate sR3t hdvingur @idVs x-

illu %%.4es an inventive nmethod for manufacturing a

[ gﬁfe L¥ve sheet

Figure 86(b) is a top view of an adhesive hotmelt sheet having embedded LED

dice;

Figure 86(c) is atop view of a transparent substrate sheet having a grid of y-

electrodes;

Figure 87 shows an inventive method for manufacturing a multi-colored light
active sheet using a roll-to-roll fabrication process, this multi-color light sheet has
RGB sub-pixels composed of individual LED die, and may be driven as a display,
white light sheet, variable color sheet, etc., depending on the conductive lead

pattern and driving scheme;
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using a roll-to-roll fabrication process and utilizing

a doubl e-faced insul ative adhesive tape and a bottom
w@eoendoeiive adhesive tape structure; Figure 96PCHUS2005/010051

cross sectional view of another enbodi nment of the

present invention utilizing a insulative hotnelt

sheet and a bottom conducti ve adhesive tape

structure; 44 WO 2005/099310 PCT/ US2005/010051 Figure

97 iFguen 883ispi adsscieationst vidw bfun amtiodingedn &t the ih@ettive light sheet

t h in Fi 96;
i ourebss) & afullg T 38BRy PRRL) U7 ow of anot ner

enbodi ment of the present invention utilizing an
hot e t dhes ve and a_ bottom conductive

insuyl ati
hot igite §Sisdgiegaioded Viey shosving g sain Gustiigens qorgResersa eian
Vi evmbédinteat SBthe i etk libhieRdet 68TRARANRE § A oI isplay:

enbodi mrent shown in Figure 98; Figure 100 il ust rai es
an inventive nmethod for manufacturing a Iight active

sheefgureist RGn@xplelidd ¥iw sRwing AL Al ud BGRFheARHf an

utilizing a top conductive adhesive tape,
douBmkedimentiof the ipventive ghighees pendigtred @s athepress BXIT oigy;
conductive adhesive tape structure; Figure 101 is a
cross sectional view of another enbodi nent of the

pr e§igpte 91 wemasaﬁpﬂeﬂalmezw @fgenathpmmhpdmmfwepmsm:esu ve

t apﬁwerg@ﬁhléﬁé{n? Bl@- eﬂtlﬂsgﬁnveaﬁﬂ@s?\'f e ta%ﬁ% b%Eg

bott om con hot me esi ve st ure;
1020¢n§u§ﬁVeeaq1‘iﬁmbefdpwstEW1m¢, the main constituent
conponents of the enbodi nent shown in Figure 101;
Figure 103 is a cross sectional view of another
enbBiginee?R isa@h expledgirase nf the nmairesvnitiitenti torhpohiens ofithe op

congpd&;dl &%&ﬁgﬁh‘%ﬁ%ﬁ' ve, double-faced insulative

adhesi ve ape an t'tom conducti ve hotnelt adhesive
structure; Figure 104 is an expl oded vi ew of the nmain

glogﬁlt I U%glts 2P0 ggc%on w%]:;v cgfh another Goob %Idlnn?e% oiS t[lé’ ;\;\rngsénp
invention utilizing a top conductive adhesive tape, double-faced insulative

adhesive tape and a bottom conductive adhesive tape structure;

Figure 94 is an exploded view of the main constituent components of the

embodiment shown in Figure 93;

Figure 95 illustrates an inventive method for manufacturing a light active sheet
using a roll-to-roll fabrication process and utilizing a double-faced insulative

adhesive tape and a bottom conductive adhesive tape structure;

Figure 96 is a cross sectional view of another embodiment of the present
invention utilizing a insulative hotmelt sheet and a bottom conductive adhesive

tape structure;
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45 WD 2005/ 099310 PCT/ US2005/ 010051 Figure 101 is a

cross sectional view of another enbodi nent of the
WEe@se310 i nvention utilizing a top conducti vePEOs®0Ve10051

tape, doubl e-faced insulative adhesive tape and a

bott om conductive hotnelt adhesive structure; Figure

102 is an expl oded view of the main constituent

conmponents of the enbodi nent shown in Figure 101;

Figure 103 is a cross sectional view of another

enbqdi ment. of the present. invention utilizing a top
conkigeEe; 93& ﬁfb‘?’w&dﬁg HigH S thpgmaty eRsitidicnhetppqngais Phte v e
adhgfibodembRRovA i Fgp@ds.0m conducti ve hotnel t adhesive
structure; Figure 104 is an expl oded view of the main

constituent conponents of the enbodi nent shown in

Fi gBibre 5335 a EloSi¥eBiioh@Bvidw bEsHofRl Sﬁlb@&‘irﬁeﬂi’@ﬂ:h% ¥%séﬁ‘?t hod

for manufacturing a_ light active sheet usin _
r ol PYengon ylikizinganpsutative hotmel edhesive\and edotiom conduttive i ve

Coafdpmlit hahekis MRS the top and bottom substrate
| 2

using slot-die coating stages; Figure 106 is a cross
sectional view of another enbodi nent of the present

i nv j M 1 7] i Ve I Lye

Gtk pareaR i o laBIvER R AL LB B R BENESH P o1
10 7embodamend xipivodie Fignre98;0f t he mai n constituent
conmponents of the enbodi nent shown in Figure 106;
Figure 108 is a cross sectional view of another

enbidganed A0 ilbfstratbeaninestvd method/fon bhamfictirinigzilizht Atve sheet

i nsyl ative hot t. adhesi ve strips, top conductiye .

o PR OB BhricBan Ao bl biifins § BRERREF: adeeive.
46 tdfie, 00K 6-BROB kiSulMGTE/ A3 B4pe L0 AlbotbhOetndud alllfesiad tape
expl oded view of the main constituent conponents of

t h&TUEMEBdi nent shown in Fi gure 108; Figure 110
illustrates an inventive nethod for manufacturing a

l'ight actjve sheet . .
glplgure C[M 1s a cross sectional view of another embodiment of the present
invention utilizing a top conductive adhesive tape, double-faced insulative

adhesive tape and a bottom conductive hotmelt adhesive structure;

Figure 102 is an exploded view of the main constituent components of the

embodiment shown in Figure 101;
Figure 103 is a cross sectional view of another embodiment of the present
invention utilizing a top conductive hotmelt adhesive, double-faced insulative

adhesive tape and a bottom conductive hotmelt adhesive structure;

Figure 104 is an exploded view of the main constituent components of the

embodiment shown in Figure 103;
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usi ng conductive strips and adhesive strips in a
roll-to-roll manufacturing process; Figure 111

WO bdosse3at es an i nventi ve net hod of nmaking theP@UUB2005/010051
| ayer of the inventive light active sheet using an
el ectrostatic drumtransfer systemfor orienting and
patterning LED dice on a hotnelt sheet; Figure 112
shows a first step of an inventive adhesi ve transfer
met hbguedol fi a<¢rn@ segomilodawdefhoth ee babedienisfiie @8sent

adh n iqure 3 .S econd
st egﬁg%{‘%? Iﬁ]g{ﬁl e &o? ! ﬁﬁ ees‘ﬁd{}eé“% tﬁﬁ%%l Fblﬁg‘f"r\{?\abnsf‘é

fixi a@es%mmﬂwdioﬁpmeioﬁdmnvéhmfeﬁ adh&i@@Rasine
transfer substrate; Figure 114 shows a third step of
the inventive adhesive transfer nmethod for fixing

sermi Kigmduoz ﬁ:sraneixplﬁﬂm ¥iew bf B il SeHIRBeMQollpBRSHLSE the
subst rbate ure %15 S ovvs a first step ofp

el ec?’?é’gf‘fé?q L ransfer method for fi xi ng
sem conduct or eI enments onto an adhesive transfer
subst.rate; Figure 116 shows a second step of the

el ectiPYeddF js@ cpsssectional yiewrof gagther eraborkimtentf thefrirssentg
sem inRRAGEHRIZing! ABF BérRiuO Ve Rotnkiet ﬁﬁx@ﬁ% ‘ﬂ%uﬂl? ‘?&%E flsulative

substrate; Figure 117 shows a third

el e&dpﬁé@éﬂﬁe@né@thoﬁﬁmlcéwqcﬁmﬁlt ﬁéhﬂﬂtyd sfragturef | xi ng
sem conduct or elenments onto the adhesive transfer
substrate; Figure 118 shows a fourth step of the

el ediigwe 04 isan gxplpdastiemof themsinaronstinbrs domponentsi of itreg

semeg@ggfﬁ%pgh to the adhesive transfer
substrat e; 0%%%&%6@8310 PCT/ US2005/ 010051 Figure
119 shows photographs of working prototypes

£ ONSHEHE] b ArASSRIAANES motliho! BEnl ANERLE ¥ Bl o

' acturing ‘an 1 norganic eLe
i s asiphetraltoamii felaivatist pratess) gvhareluEDc&lcElcuve coating is formed on

eI e i cal | tracte a chayrged needl e;
Eltrlecratgé%i& ilaé;t?oa yuf%{' Ao P %fecﬁeo?‘%%t'lngtsfagﬁg ‘three LED

d| ce el ectrostatci all y attracted to a charged needl €;

Fig 1 s a cro ectl naI view of an inventive

encg‘Ir "r’?‘f‘s 4 2 SEHE Ee {”8\”0 ﬂ@ﬁ?@%@f"é‘?‘ﬁo t the present

senhmmdmaitmzmg e il kifveHotndMUIh A PESIAFY A QDnd Wil adMesive
tape structure;

Figure 107 is an exploded view of the main constituent components of the

embodiment shown in Figure 106;

Figure 108 is a cross sectional view of another embodiment of the present
invention utilizing an insulative hotmelt adhesive strips, top conductive strips and

bottom conductive adhesive tape structure;
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addressable m ddle p-layer; Figure 123 is a cross

sectional view of an inventive encapsul at ed
wa@essomsduct or devi ce wherein the sem conductP€T/US2005/010051

el ements are npn-type devices, with an addressable

top n-layer; Figure 124(a) is a cross sectional view

of an inventive encapsul ated device electronic

circuit, wherein an LED die, npn transistor, resistor

and FigmnslL0St i ars exayplodedodevn oL the ehairconstitedr® chrapstieits OF the Ui t

form [ | ay device; Figure 124(b) is
g’ggdl?ggtts%‘ﬁﬂlmgﬂgg{ﬁd@pan alternative of the

|nvent|ve encapsul at ed device electronic circuit
[ igure 124(a); .Figure 124(c)_is _a cross

sho i n_Fi
sect el O\}ﬁWEﬁS adtenibye methed fon Prapefacring elight petive seet
enc agifgbdaslive 8wk _;S‘seanﬁ la@elstvE Sérips fi  folLth-rSI AR
124(a)gj Figure 1 is a chgs secti cgna Vi e‘(?vurgifgqg\é}"%ss
alternative of the inventi ve encapsul ated device
el eEighRN 19 ifhsiGtistan $AHAYel Hethd OO Bakdr
2005/%199316 PCT/ US2005/ ot gur #HSloiviiydildene
di agramive lichiaetiee shegt using a@@l@ﬁ@@mc deym gransfersysom forn
Fi g4 oo tional view of a
pi xel Smn% rr)wd%ﬂlegl\ll/hé %%éghﬁsog% ay glg%l?"gtg t he pi xel
i ncl udes red, green and bl ue sub-pixel circuit and an
opt

'Ffr;gg}el ?%Iﬁ%x%a %'ﬁg(fts e 82%1%@611&% %15}% 9 Bﬁ%ge??ﬁ Y1Sor fixing
e n c aqmmrduqdr ¢ermicnts ndmcan@dhesde\tnansfelsbbstz*amg a
conductive sheet |ayer between insul ative hotnelt
adhesive layers; Figure 128(a) is a photograph
shoWigng 1d3sheps akedohé stpp obHthe dvaen:tbmthéhetswﬁrmhﬁ‘émﬁhod for
congtructi.on . this photo an acti er sheet
conprd Stpigihapeede HeBnents SpBelft i s r oSty ol

adheS| ve, the LED die being red emtting and vyellow

an o%t I ng‘é{“ éb F}lﬁéssé%ﬁ‘tﬁeo%!’ hg% athest ehtrgnt; eWm%%od for fiximg

semiconductor elements onto the adhesive transfer substrate;

-
~ T

Figure 115 shows a first step of an electrostatic attraction transfer method for

fixing semiconductor elements onto an adhesive transfer substrate;

Figure 116 shows a second step of the electrostatic attraction transfer method for

fixing semiconductor elements onto the adhesive transfer substrate;

Figure 117 shows a third step of the electrostatic attraction transfer method for

fixing semiconductor elements onto the adhesive transfer substrate;

Figure 118 shows a fourth step of the electrostatic attraction transfer method for-

fixing semiconductor elements onto the adhesive transfer substrate;
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prototype construction, this photo shows the three
constituent |layers - active |ayer sheet (LED die
wepsdesw i n a sheet of hotnelt adhesive) a topCT/US2005/010051
substrate (1 TO coated PET) and a bottom substrate
(1 TO coated PET); Figure 128(c) is a photograph
showi ng anot her step of the proof-of-concept
prototype construction, this photo shows the three
constituent layers with the active |ayer between the
substrates to fqorman assenbly; Figure 128(d) is a
oSN SURUHPAU> G Bk s DTSN Rse conSIrhctdd in ackordance
pr ogfith He ifRAGRAAethSH %&héfﬁ@qcﬁﬁ’ﬁ%faﬁ ot dali lightihserphot O
shows the assenbl ed | am nati on bei ng passed through a
heat |am nator to activate the hotnelt sheet by
mel t; : ;
T 00 e ap oo e B0 A e e tidcted o
showichrgeadieedlgist constructed proof - of - concept
prototype being applied a voltage of a polarity and
lighting up the yellow LED die; Figure 128(f) is a
phoFiggreal?h ismphdtegyaph demenstratingrtbiee LEDatice electrostatcially
progf - .otype being applied a voltage of
the%ﬁ%&%&%&g%%?%cgé’and lighting up the red LED
die; Figure 129(a) illustrates a nethod for mass

pro ' ern.. caorrectl Qriented LED dic

Pl L1820 £ S Culal AR Bl fendf SRR SParmipptductor
s c ati¢vacearhefdirethe senaiiconduztorekenichid atk we-type davices, 13H(ah)
illustrates t thod shown in Figure 129(a), show ng
theaﬁr%c’ﬁﬁelgfc{ag’ gﬁ‘?’\ei‘re LED dice with sonme randonly
scattered on top of a release sheet and sone oriented

and_fi x to an adhesive substrate; Figure 129(¢

1 petRa ey A erhow Say 3 vertyg PRl s,egrg%ae\mg
t heddvic!vheredt e sstiiiceRduckl? efintehits|a8f dpnaypeedtvRes, 37 shi xed
tothe a hesi\ég substsrate; Figure 130(a) illustrates
a m{HesEAbIPP HEY&T pr oduci ng a pattern of LED dice
fixed to an adhesive substrate utilizing a

di SPJ acenent . pin for selectively renoving the .
1gure 124(a) is' a cross sectional view of an inventive encapsulated device

electronic circuit, wherein an LED die, npn transistor, resistor and conductors are

connected in an electronic circuit forming a pixel for a display device;

Figure 124(b) is a cross sectional view of an alternative of the inventive

encapsulated device electronic circuit shown in Figure 124(a);

Figure 124(c) is a cross sectional view of another alternative of the inventive

encapsulated device electronic circuit shown in Figure 124(a);

Figure 124(d) is a cross sectional view of an alternative of the inventive

encapsulated device electronic circuit shown in Figure 124(a);
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dice fromwafer dicing tape; Figure 130(b) illustrates
the nmet hod shown in Figure 130(a) show ng the
waele@plogisenent pin pressing a single die into tPEr/US2005/010051

adhesi ve substrate; Figure 130(c) illustrates the

met hod shown in Figure 130(a) showing the single die

| eft on the adhesive substrate, and the adhesive
substrate and the dicing sheet 50 WO 2005/099310

PCT/ US2005/ 010051 bei ng aned relative to the

di s SR 0.t sel e | o ate the next L

i & HARETE 2 il foedh fbsinlfe e SEE it G EROp i
130(1a4; |IIustrat es a pattern of LED dice adhered to an
adhesi ve substrate using the nmethod shown in Figure
130(a); Figure 130(e) illustrates a pressure roller

enb @@r@@ﬁlhﬁ cilob3eliic@l Ve 6f é pigel fidh @B hﬂb@nﬂébﬁ%}[@td%ﬁce
ustr at adheslve substr

Fi g ), il

haVI 1 eﬁg&: Juges 1 Cgéee@ﬁﬁcgglaggl -pyxel icfreuitiapd, apopiisal lgys element
|Ilmahkamﬁ@ekmaubﬂﬂmgtlve fabrication nmet hod wherein
the LED dice enbedded in the adhesive substrate are
fixed to and electrically connected with conductive

sur Faees1 9ns APRpRIIEd biglP fﬂe%%ﬁﬁv%giﬁﬁpsu dt&ﬂusr ﬁlﬁ&)ﬁ%&ar

is a schematic Side view of the conpleted t active
shedevigasheymg p condyicivesheat layerchstwran G@Sula‘ftvh hotm@ltpadb@mt
mvg&&gon Figure 131(a) shows an enbodi nent of the
inventive light active sheet material wherein an
adhesi ve substrate with enbedded LED dice is

san {:J}&@ j d
R B Rer it shPpStHedrbor R Bhicpt Froipe
e b eefistreditonsthis whotp whdwsquraetiveddyeasherhvompriset ef EEDeties e
sub [T : 0 .he_conpl et ed
R R Ll L R SR R
mat geliowl enhitiug:ng a conductive paste forned in
el ectrical communication with the top el ectrode of
t he LED dice;

Figure 128(b) is a photograph showing another step of the proof-of-concept

prototype construction, this photo shows the three constituent layers - active layer
sheet (LED die embedded in a sheet of hotmelt adhesive) a top substrate (ITO
coated PET) and a bottom substrate (ITO coated PET);

Figure 128(c) is a photograph showing another step of the proof-of-concept
prototype construction, this photo shows the three constituent layers with the
active layer between the substrates to form an assembly;

Figure 128(d) is a photograph showing another step of the proof-of-concept
prototype construction, this photo shows the assermbled lamination being passed
through a heat laminator to activate the hotmelt sheet by melting between pressure

rollers;
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51 WD 2005/ 099310 PCT/ US2005/ 010051 Figure 132(a)

shows an enbodi nent of the inventive |ight active
web@enssmi eri al  having a foil bottom substrat BCEHIS2085/010051

sheet or patterned conductor top substrate; Figure

132(b) shows an enbodi nent of the inventive |ight

active sheet material having a stacked |ight active

| ayers construction with a common electrical line

connecting the respective top el ectrode and bottom

el egtrod f,.LED di ce.i adj,oi.ni.n tacked | ayers;

i ot Sy b o owB it SRRy o fabRisat

| ay erstotype beie dpplieid votiage dfl agfolaritcanid ViGptiihg ap tHegleRsw AED

shown in Figure 132(b); Figure 133(a) is a side view

shofg an enbodi ment of the inventive light active

sheet material having a reverse facing LED dice and a

backpl ane reflector;  Fgure 133(b) is an isqlated

vi e %ﬁ%f%%@ is 4 pHofsraph shovays %pg% f%lﬁﬁyﬁfed BEOL kORIt

r ef lpegibippe bedid@plicia vdlagd StthdbpobiRp Slhrit9ehd R '

Iigrl1)?&otlsj_itS thegras?)?des of gthe di@, ar%)d shtgvvi ngglgﬁg}u??%gd

wi t HER di%e adhesi ve substrate | ayer used, for

exanpl e, to down convert UV radiation enmtted by the

LED die to visible white [|ight; Figqure 134(a) is an

ex plFéeil 3 (@Wlustratgs #avethpd fosyrassprodering p nettdrn of edrace

i nv ' igedat [ Ll . [

| By LD e A BGE pyITRE e MHL A ARG field

Fi g@ftectivedEd) dicg;l ustrates the nulti-|ayered

construction shown in Figure 1 34(a) for formng a

tunabl e full-color spectrumlight device; Figure

135Fzure 139¢w)tiHustrates thh enecthad ehavinvie Figyrs t129@),isbowing tle field

heat .S f / ' nera he,inventiv

1 RGeS gl Bt ot EAARREA B BY of {RadsR b ot

di ssopaviieniedtdnd fiethto;an 3dheyife AOH499310

PCT/ US2005/ 010051 Figure 135(b) illustrates the

i nventive construction of a white |light device having
Figure 129(c) illustrates the method shown in Figure 129(a), showing the field

attractive LED dice left oriented and fixed to the adhesive substsrate;

Figure 130(a) illustrates a method for mass producing a pattern of LED dice fixed
to an adhesive substrate utilizing a displacement pinx for selectively removing the
dice from wafer dicing tape;

Figure 130(b) illustrates the method shown in Figure 130(a) showing the

displacement pin pressing a single die into the adhesive substrate;

Figure 130(c) illustrates the method shown in Figure 130(a) showing the single
die left on the adhesive substrate, and the adhesive substrate and the dicing sheet
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a blue light em ssive layer and a yellow |ight

em ssive layer, and a heat sink for renoving excess
wheasnoBigure 135(c) illustrates the inventi vePCT/US2005/010051

construction of a white |ight device having a blue

and a yellow em ssive |layers and additives, such as

phosphor, for maximzing the |ight output; Figure

135(d) illustrates a stacked | ayer construction of the

i nvéengweved Hrtivaotthedisplademett pimtostalvelplvdatEitgiHegt LED

135 MR es a.construction of the inventive

[i g&?thggip\}%ééd;ﬁli%ﬁxe%l{e&yﬁ gﬂbSHWTer ein WV radiation
generated by the LED dice is down converted to white

lig usj .phosphor di spersed. within the adhesive
subdisest BB BRRRS b Ssiee rhereckq fomdreige subsrae
I wamgmmodmwmﬁ%:@é 130(®ot i ng an under st andi ng

of the principles of the invention, reference wl]l

now be nmade to the_enbodinents il!ustrated in the
dr awigngs13e) ilBRAed 4 présshReNRambYIdide B 14EPick fito the
descr,i be the sane. It will nevertheless be understood

t haPdSiVe SYRASEHEi on of the scope of the invention is
thereby intended, there being contenplated such
alterations and nodifications of the illustrated
devitgare L3060 dlvstrats the adbesivespbsteatetiaving thag LERalice embedded in
prigciples of the invention as disclosed herein, as
woul d normal ly occur to one skilled in the art to

which the invention pertains. The various el enents
makj : Jegalelal . . ' tive devy nd
he pareBoH A E IR, HE B ek ifch RGO ViR R8s
canepeddad srthhatherive substate arafikagltty and eleciicallyi @nsectedatith

al | ' ' ific enbodi nrents or

53 %Idgég}g%%%gﬁﬁ%@w@§%€%ﬁl exanpl es herein.
For exanpl e, function-enhanci ng conponents, such as

pho r sCrjbed in one odi nent be )
enpf%@%ﬂ%ogﬁgﬁﬁ%%w n8PH3¥%865$%%§F¥§*ﬁ%ﬂ@¥PﬂaﬁﬁhﬁﬁﬂaWﬂd
al t formed imagcardans¢ witle the presaft ilvesticner enbodi nent.  Such

iterations are specifically included within the scope
of the inventions

Figure 131(a) shows an embodiment of the inventive light active sheet material
wherein an adhesive substrate with embedded LED dice is sandwiched between

and fixed to a foil substrate and a release substrate;

Figure 131(b) shows the embodiment shown in Figure 1 31(a) having the release
substrate removed;

Figure 131(c) shows the completed embodiment of the inventive light active sheet
material having a conductive paste formed in electrical communication with the
top electrode of the LED dice;
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descri bed herein. Figure 1 illustrates the inventive
nmet hod for manufacturing a patterned |light active
WG b@en993kn accordance with the present inventiPCI/US2005/010051
solid-state light active sheet, and a nethod for
manuf acturing the sanme, is provided. The solid-state
light active sheet is effective for applications such
as flexible solar panels and |ight sensors, as well
as Migyie 13321(&) chcsvm elmb@klimangoiéth@imdempé hght pttﬁrd sleksme aldiial

n h I
el o aaip Eroi ofbh oGl ot p 0B PP EE oo opptasratey
create a totally new form of sol ar panel l'ighting,
Si e displa vi ces,. The | ght sheet can be
cogs ?%gb)tsh ‘gsr%%}?“ﬁ’é’ﬁ’é‘i‘f’né\)/ghe mH?“f“F’%E@ t agffve ghest ymagerial
lig hhvmma steckedkight Baive layerd bérstruétionfwithld @xinkin@lRRRal line

hlghl rob t he i nventiyve

e e R esRER G doR Qe te AP ORGP e R dice n
phy adjomirgnckedegpani cal and el ectrical conponents
found in a conventional desktop |laser printer. In
essence, in accordance with this inventive enbodi nent,

L EDFiéhfeﬁl 322SR @(‘eﬁpﬁ)ﬂ@l AP Sowdg tﬁe jvzﬁ'ﬁ)% 1 éIJS Bf tﬁé inveetiye

res IS a unique |ight sheet” formfac adapt a

to Wtéﬂ‘ieéléﬁeﬂﬁnﬁtﬁ’ﬂﬂls%%@fm%lh@ébbf appl | cations.
These applications range frominterior tent lighting,
to dj spllg% backlighting, to commercial and nunici pal

si ghigyee 133 isracside; véieve Showiing ansmbodinent of thaalpvmwi@tmacuve
f or sHeBGAREES ARy ABChrsel f!iéﬁ?%l?%lg g{gg talgc? JEI' {)gc\%}dtah . The

i nventive rranuf acturing I of
flexible, plastic substrate. (1) A conductive

e! ePiRASa AT A L MRkl 1) 14350071 By 5&&

vari 6ty o nown nt |
i nk¢hep refleston fornged onthsLEDeim fooditectipgérhieted ligls oustBélsitdes of

bri owney. ucti
ad h@g |d%é¥}?35h6‘%n% Q‘?dlgveg 2%‘3 %ﬁ%"%‘f@ﬁf@fﬁ et Eﬁg frce
VVI I ¢xamlepmct0&mmemert(w réﬂmmn emitied Gy @& LED @ioté Asibid Wwhite
u@h nd charge patterning nechanismsimlar to a
aser ‘printer 54 WO 2005/ 099310 PCT/ US2005/ 010051
eng| ne, LED di ce are patterned onto the electrostatic

Is then transferred to the
ey dS4PLE o B el HOGRuIREd oo piuensive
(4)light active sheet material, wherein each layer produces light of a different
wavelength;

Figure 134(b) illustrates the multi-layered construction shown in Figure 1 34(a) for
forming a tunable full-color spectrum light device;

Figure 135(a) illustrates the inventive construction of a heat sink for pulling heat

generated by the inventive light active sheet device away from the device zand
dissipating the heat;
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A top substrate coated with a conductor is then
brought in to conplete the solid- state, ultra thin,

wo b@gjoiseo | i ght sheet | am nation. (5) Finally,P€hEs2005/010051
conpleted light sheet is rolled up on a take-up reel.
This light sheet material can then be cut, stanped,
t her nof or ned, bent and packaged into a w de range of
new and useful solid-state lighting products. In
accordance with the invention, a nethod is provided

for & ' f. light actjve . materi.al. A first
sup S SEF L RaERL e SoufBioror S e g ipe g
pr owibliedightenissivedayer amisadlewtight enfidsive tayetgdd ¥eat aMEloxr
Theréi [ st subshrg’e may be, for exanple, glass,
flexiBle ggﬁxgegg vai | abl e from Corning), PET, PAN, or
other suitable polyner, Barrix (avail able from

Vitrex ther transparent or sem - transparent .
su b? {%"%ﬁ g%‘ar“&ﬁf@f?s &r eRivg qanstpelion of pwhite Bgi devaes hasing

| ay eblusayd beellowosmissveaafektand 2BEEIVR! suelP & fMdsphor, for

i ndiumt.i.n-oxide (1 TO, a conductive polyner, a thin
met ﬁ}aX'F‘PPPﬁ‘%SPgIEtWan“F;ke. A pattern of light active

sem conductor el enents are fornmed. The light active
sem_conduct Sr, el enent s ma}/ be, for exanple, LED dice
hav FrYreals S diusaatgsgistacked lagerronsigtionrofithegnventive lightaciyve
senkiendneifranjayered particles wherein the n- and A
side correspond to charge donor and charge acceptor

| ayers. Each light active sem conductor elenent has
eith f j j i ' .
commae oot B EocRSiedcln B e Ra iy S mpterial
ThewheraiatfY ediation seperataddwttheobERrdice fsalosinrcenterted teewhite 1 ght
sur s . indirect (i...e.,
t hr gug 1%9%1%%% t%\?éﬁglﬁr?@é%nd&%g%%éﬁ Iélac(ﬁ‘g%}i um . A
second substrate having a second conductive |ayer is
provi ded. The second substrate nay be, for exanple, a
nmetal foil, a netal coated pol yner sheet, a conductive
pol DEFAICERBES CGRIPATONOOF THE INVENTEONSheet , or the

ik econd substrate .is.secured. to the first,

su bg?rrp:a[?p:osg’ssog%{ YmQungRn upderspndine Otcfﬁ@ PRngiplge Ofgtlhe gengion,

p- siefizeroé wilbhindw bémadd 1ghhe @BtidditBerfeimistarRd UChe Hraniigs BRE!

in electrical c nication. Wwih the _second conductive

| ay o angihee FADREe0R dpischomms. ol ospobers b051
understood that no limitation of the scope of the invention is thereby intended,
there being contemplated such alterations and modifications of the illustrated

device, and such further applications of the principles of the invention as

disclosed herein, as would normally occur to one skilled in the art to which the

mvention pertains,

The various elements making up each embodiment of the inventive devices and
the various steps performed in the inventive methods can be interchanged in a

variety of iterations, not all of which are provided as specific embodiments or
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el ectrical communication can be direct or indirect.
Thus, in accordance with the present invention, a
w@olosa9st@t e sheet of |ight active material i sPEDUS®AS/010051
The transparent first conductive |layer may conprise a
transparent coating preformed on the first substrate.
For exanple, the substrate nay be a sheet or roll of
a polymer film such as PET or PAN, with a sputter
c oatesemplenkkueit.oFor axamplej ﬁm@tionfenhéﬁ@ng écbmlmnamt,i suel a6, as

sho ren g..Ccan b
applhatpols, 8Ehedin WG oARRBE B b B R L
The spadificatiy destribedgintan attérhative smmarmw:‘hnmthee k@b®diingntcan
el ectrost atj attracti t.he |ight
act |5\o}l§ﬁgﬂﬁ%’8ﬁ]&?§8? a@YEﬁt’ﬁ?‘LW{@“g‘eﬁF%‘? g’rem‘f?ﬁ'i‘ﬂ?ér
Thendesdribed Bdréinact ed | i ght active sem conduct or

elenents are transferred fromthe transfer nenber to
the first substrate. The transfer nmenber may incl ude

an e &llRekAtbsthE RAdNGmRIhbe €1 iAufaefuriioa gétféﬁlea light
patter ngg el ect ro tati¢c charge. The patterned

el edFVESheR 1o aGFFH e pidh ghernapsent ivepiign, a solid-state light active
el eghéshohdh hiéﬂiohfoﬁh&rﬁlﬁééﬁmﬂ tHe8mb | @&tTﬁéesolu% -state light

1Q€llov1d
semn conddctor el enent s and orm ng attern

| i gREIESheel s efieeie é@rﬁaaleqaaensén@h@rﬂe@bleﬁn@r papels@nd light

pat tserisbisng vadll

for Sex ar§rpl ev@efl ugé P‘%Qﬁg (1[:1 ?nlggggﬁé %lggcﬁ Q)E)dgg)rgho chgtg gﬁe ’Iflg%%e

| | gHightshent whlizes samigcondueter elementsy pushas comyverdialiyavaiabbe LED

LED [ er e

o O et SAlgno B g 305! el THRL, sifbe o BRI

mec Nﬁﬂ?@m’fhayg% gheets¢amibe genstructedity wevifle mvm,rmna Folsinstate

errpl I

or | WPAER dsiiEe gl SRS, dRBK aldhidhty PR B smbodgentof

fir ghe lswb‘sterramfefctmngd:hﬁloﬂ liﬂj)asdstborpm tvell-knovaf pﬁymghind

act i t the first

At DR WA cafb BB Bulfin ) Ronyiicbin SR i

can pahisn Ipesseaceniadcamdanbewith tlﬂsst ingdntisd ¢natiodinhedt, LED dlce

adh d substrate theflr u ra
o338 gltne? BEE RS L " Bieipled i Bt it dametagfor

bet fdaptabit toyan éigfmdiljprﬁyl tsrbacstangwﬂatpplidau@fs f[hés‘étapﬂ)licgﬁﬂns

active sem.con el e ormng a secon

ot FER ES RS GRSTIG SeBeghelpler Do iR SoRmercia and
municipal signage and traffic control signals to replacements for incandescent and
fluorescent source lighting.

=

The inventive manufacturing process starts with a roll of flexible, plastic

substrate. (1) A conductive electrode pattern is formed on the substrate through a
variety of well-known printing techniques, such as inkjet printing. This electrode
pattern is used to bring power to the dice. (2) Next, a conductive adhesive is
printed at locations where the LED dice will be patterned. (3) Then, using an

electrostatic drum and charge patterning mechanism similar to a laser printer

34



of second light active sem conductor el enents. The

first light active sem conductor elenents emt |ight
whaoosngp3zo first col or and the second |ight actP@BEUS2005/010051

sem conductor elenents emt |ight having a second

color. Alternatively, the first [|ight active

sem conductor elenents emt |ight and the second |i ght

active sem conductor elenents convert light to

el ecﬂnginc,szEDs dige gry pafidneedfdntesthe eloctebstatic W, SPiRrdidpatieRss

for x=el ectr.o and. t he, se

con Q,[ Ve gc{/{é)?[h? HERLE s glagﬁﬁr“’a bgn @%‘Tdée’ttg%ﬂg’é"at% o)
t IhatA mpcdu_ bﬁmd ted ngh [ai cgﬁﬂuc}fo&@stthéiﬂarﬁ@gﬂtt] £a6 @bhﬁbléfe the solid-
el e e or, form ng_a_she

act :E% @Pﬁé\ %ieilt?ggfh@ Stdpminafing; | %)rﬁ ‘Wélyaée SOIBIPIS?té@ hgféd
di sphesy 1sa‘olﬁmlpecmta taﬂaﬂ@ Rl tisTight shbdt GhtterREEan \en be cut,
semcln h ts cg &eforrre by formng a

firs 5?% 'Ptae PaFkagqdgpip agrifle rangryof new and useful
s emsokidisttie lighting Ipewﬁets,s, formng a second pattern of

second color light emtting sem conductor el enents and
formng a third pattern of third color |ight erritting

se g aadtizhey witl tﬁé"ﬁ%nﬁolhaem&hé%fs PR ¢5 ﬁ‘i Fning 3 ¥kt

be fornmed as a _grid of electrodes an econ
condgtactve mafeial. Arfisst ﬁ\é‘aftfae (botgam wb@ﬁzgte @h@m indiigss 1)sio

t hatyreiaded Iﬁﬁﬁé’ﬁﬁ*ﬁdsﬁﬁeﬂt'ﬂﬁkoxﬁfeixgb Jdoyer. eﬁ]ﬁt S t H6dite ljn% be,

addressable for formng a Ive

mat 691 eXpmplgeiass.dlexible alage (ﬁvw&abierfgoraeoanﬁgmnm BADY, or other
pi Xgki I

B0 R P i QIRANE Hom VL1 & hrdrioabbiel Gomi-
act frgesparghtcsabstrafematerish 'ékeatlmismmﬁ fitsh eomlnctlvarhaysmnay be, for

enp w ive .
shelgt 71658‘?:%&9%&#&2%&& “pr ocr:@‘(g)ég y)’é’ée& 3 thiny
nunﬁ@talﬁmqrtﬂ@rlml ons. The exanpl es her e| n depict a
sel ection of such iterations, but represent just a
few of the possible process and nmaterial conbinations

c onerapteratod diglttyucﬁwesenncmmntoir elememts hedsrnedd THE MbIR @ctive
str own i,n ure 2, t.substrate is
pr 0\%&%‘ 9«%1%?1%0?8 CIBWJ??C qu f%@eg1 Befea-uis pda p-
firsite awmhghm-enéxgp an’h&frﬂuaﬁr layerdd hirtictesivehef S MBH- 212 p-
t he gonductl Vr% surface. %\g g e exanpl e shown, the
contifig £qTLraP L e Shares dongy andicharge accenforlayea b@ght active
adhesiivendutionestint hishher @@ RBUCHdR 1R Sidch dRwidie, for
exar le an | TO.coat i ngapre formed on the bottom 57
communication with the transparent conducttve layer. The electrical
communication may be direct (i.e., surface to surface contact) or indirect (.e.,
through a conductive or semi-conductive medium), A second substrate having a
second conductive layer is provided. The second substrate may be, for example, a
metal foil, a metal coated polymer sheet, a conductive polymer coated metal foil
or polymer sheet, or the like. The second substrate is secured to the first substrate
so that the other of the n-side or said p-side of each the light active semiconductor

element in electrical communication with the second conductive layer. Again, the

:O
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WO 2005/ 099310 PCT/ US2005/ 010051 substrate. Each LED
di e has an anode and a cat hode side. A second
wGeusvyste is provided. A second conductive sSPCT/HSM05/610051
formed on the second substrate. The first substrate
is fixed to the second substrate so that either of the
anode and the cathode side of the LED die is in
el ectrical communication with the first conductive
sur f eledricah pointmheicaion @an lof ditehisordmbitket. afhils ,tifh eccorfahe@agith the

d |
ol A )l b oEh LA SR TASEL T

di ce may be encased within a conductive adhesi ve

appl ied to th ottom substrate, with an

i ﬁguﬁi SSRABY %’SH}V@ SHISE RDIPTISH & rgsparent coating

Al t eprefotrinyé blythe (ﬁﬂdt Yuliftate. rpw Eﬁdnﬁlﬂe AHRBi4e ﬂaybé%?sheet or roll
appl%ffﬁd%q?)ﬂ'g hlb@g‘%ﬁ%é fi Xi ng the top and

bot t il o PAY,gvith 2 Uitprebopied GomRar | n

el ecéomypeikd of1a0L amenyunbé)y 2l Sholw@hn P@d:&p%%%%% Etifie

conduchl ve s rfaces, thrqough the clanping force
appl 3B desyrliedes F‘ﬁ%‘!ﬂ“ﬁ?‘(ﬁ’rﬂ’l‘a@’ﬁé’mmﬁéve adhegiyeer

alternatives, only one or both of the substrates may
have_a conductive or non-conductive adhesive appl i ed

to i TheRafpE. o fightaritesemigpndustor elements oa herformmedchy,
s| ot elébiBstatally Retactib %tl{gﬁtselcﬁ{ré nn&)ﬁgﬁ% i %ive\engehfs t% o ti3Ger

the dice adhered directly or c anpe
subsPeab@EsThenihe aifragted light aetive sémicorsiurtonedlemerdy arb eransferred

f oF Rfin % AnGBNANERdr (S ORI Bl RhS B8ErP hep Bl h&ARude

one of a conductive coating, a con
c onciicmiarelegitin eanting effeciiye foehalding a @aitemddretectrostatic chmde. The

conduaeARRelRARMUAL LibEeel bt foF Rt BREAT hERking ssien
condgtYd semicoudicioreel dnsents rands fmnngdh@pattbhﬁ)fﬂ@lﬁmeﬁ\ta ve

f t {

sur nRRfa kR AR Bl B paeine. e Sifaersie e canbe
pri rionedoneainpk, mll)g a sca’tmpd lﬁa baim |aﬁdi5ﬂ LED ﬁgl@tfsoﬁt@e smnlar to

i 11 B B e B b e may

met Imdlpamjareopd@el@fmt caunall Rimsdiaeke pd%h]ﬁig' Iﬁ&hﬁﬁs&may bé\
adhesive. | be fornmed hetween the top substrate
and ST, 6%@% q‘gé‘ﬁﬁeﬁ%ﬁ“@m oysfl ERIgiataming jaer g laser or
conpuBDsgridér. | east one of a conductive adhesive, a
sem -conducti ve adhesive, an insul ative adhesive, a
conductive polyner, a sem -

An adhesive pattern can be formed on the first substrate for adhering the pattern
of light active semiconductor elements to the first substrate. Alternatively, or
additionally, an adhesive pattern can also be formed on the first substrate for
adhering the second substrate to the first substrate.

A pattern of light active semiconductor elements can be formed by forming a first

pattern of first light active semiconductor elements and forming a second pattern
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t he watgiid sarRba offfuncéipeing ag apigélated displaecatipoaintont o an
adhesi ve surface applied to the substrate. Figure 3
illustrates another inventive nmethod for manufacturing

a | i Hretpattemi of dightsictet semivohduptanetenents wan be ©irhédbyefotming a
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t and the

active sem.condugctor elenents emt |i
seco‘?f%“'f I-QWPgﬁS(:‘fﬁ'\s/léc‘%"é'rPi"gEfﬁ?d’é%p CB‘I"E%‘FHYS convert
light to electrical energy. The first conductive |ayer

may he faorped as a grid of x-electrodes, and the
secdigure gdﬁgﬂéteﬁ feotlies {nvpntrvg mpghed fer mangifacirige a light active

y- el86dtr afash eﬁﬁ’nﬂl@@ﬁth@ﬁ@éhaﬁi@n%%%ﬁdy%fdrif&ﬁﬁng the inventive

light active sheet, the components and processes can be mixed in a number of

iterations. The examples herein depict a selection of such iterations, but represent
just a few of the possible process and material combinations contemplated by the
inventive methods and device structures. As shown in Figure 2, a first substrate is
provided. A first conductive surface is formed on the first substrate. A pattern of
LED dice is formed on the conductive surface. In the example shown, the
conductive surface is provided as a conductive adhesive. However, the

conductive surface may be, for example an ITO coating pre-formed on the bottom
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structure. Alternatively, other sem conductor |ayered

structures can be used for the sem conductor

el eFaa first Gﬁndubtumanadeunayﬂmtfoﬂmadla% adoﬁdwlwattaﬁ%oﬁliah{éd of

f|| il.icon.sem co stenms known in
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compnse at least one of an inkjet printing method, a laser printing method, a silk-

screen printing method, a gravure printing method and a donor transfer sheet
printing method.

An adhesive layer may be formed between the top substrate and the bottom
substrate. The adhesive layer may comprise at least one of a conductive adhesive,
a semi-conductive adhesive, an insulative adhesive, a conductive polymer, a semi-

conductive polymer, and an insulative polymer. A function-enhancing layer can
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transfer nenber t
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chen e SPALic Bhethekdy Al e B romhens thbniptive
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?f fsheat hgwing owo et moterchi?‘érattltmgls blighi E&tﬁr@ EénﬂGOnl'z!H&or elements.
or trno LED dice. The opto-electric
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sheet . ha
sSthiconducior e?ements emit light having a second color, Alternatively, the first

light active semiconductor elements emit light and the second light active

semiconductor elements convert light to electrical energy.

The first conductive layer may be formed as a grid of x~electrodes, and the second
conductive layer formed as a grid of y-electrodes, so that each respective light
active semiconductor element is addressable for forming a sheet of light active

material capable of functioning as a pixelated display component.

59



conductive adhesive for fixing the substrates and/or

the light active sem conductor elenents in place. In
waewsngsnce with this aspect of the invention, PCiBEUSMES5/010051

structures are provided for sheets of |ight active

materi al, The exanpl es shown 61 WO 2005/ 099310

PCT/ US2005/ 010051 herein are illustrative of various

iterations of the device structure, and constituent
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a solid-state light active device is forned. The
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silicon semiconductor systems known in the art that have been particulated.

In accordance with the inventive method, a second conductive surface is formed
on a second sybstrate. The first substrate is fixed to the second substrate so that
either of the charge donor and the charge acceptor side of the semiconductor
elements is in electrical communication with the first conductive surface and the
other of the charge donor and the charge acceptor side of the semiconductor

elements is in electrical communication with the second conductive surface.
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light active sem conductor elenments may emt |ight

having a first color and the second |ight active
wa@eossomiduct or el ements emit |ight having a serONtsS2005/010051

color. Alternatively, the first light active

sem conductor elenents may emt |ight and the second

I ight active sem conductor elenents convert light to

el ectrical energy. 62 WD 2005/099310 PCT/ US2005/ 010051
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oo

Figure 4 is a cross-sectional view of an inventive light active sheet having a
conductive adhesive for fixing the substrates and/or the light active semmiconductor

elements in place. In accordance with this aspect of the mmvention, device

structures are provided for sheets of light active material. The examples shown
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Altem atively, the first light active semiconductor elements may emit light and the

second light active semiconductor elements convert light to electrical energy.
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addressable for formng a skeet of light active

The adhesive layer can comprise at least one of the top substrate and the bottom
substrate. The adhesive layer can comprise at least one of a conductive adhesive, a
semi-conductive adhesive, an insulative adhesive, a conductive polymer, a semi-
conductive polymer, and an insulative polymer. A function-enhancing layer can

be formed between the top substrate layer and the bottom substrate layer. The

function-enhancing layer may include at least one of 2 re-emitter, a light-scatterer,
an adhesive, and a conductor.
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materi al capable of functioning as a pixel ated di spl ay
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i ncpietesable foe thd avatriomaterfidl tcbemore. elecmcally conductive than the
semiconductor element so that charges separated at the donor/acceptor interface

effectively migrate to the top and bottom substrate electrodes,

Figure 8 is a cross-section view of an inventive light active sheet having the light
active semiconductor elements disposed within a solid-state charge transport
carrier. As an example of a candidate solid-state charge transport carrier, an
intrinsically conductive polymer, Poly(thieno[3,4-b]thiophene), has been shown to
exhibit the necessary electronic, optical and mechanical properties. (see, for
example, Poly(thieno[3,4-blthiophene): A p- and n-Dopable Polythiophene
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These devices may al so be configured as a light to

energy device. In this case, a first conductive
weesaes1o s formed on the first substrate. A pRCT/E82008610051

sem conductor elenents is forned on the conductive

pattern. Each sem conductor elenent includes a charge

donor | ayer side and a charge acceptor side. A second

substrate is provided having a second conductive
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expl oded view of the inventive light active sheet
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The pattern of light active semiconductor elements may comprise a first pattern of
first color light emitting semiconductor elements, a second pattern of second color
light emitting semiconductor elements and a third pattern of third color light
emitting semiconductor element. The first conductive lay-er may be formed as a
grid of x-electrodes, and the second conductive layer beimg formed as a grid of y-
electrodes. The respective first, second and third color light emitting elements

may be disposed at the intersections of the x and y grid so that each respective
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conductors. Conductive adhesives, electrolytes, charge
transport materials, etc., as described herein may or
may not be necessary, depending on the desired
functional properties of the fabricated |ight active
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the inventive |ight sheet during the manuf act uri ng
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first conductlve surface is formed on the first substrate. A pattern of

T
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semiconductor elements is formed on the conductive pattern. Each sexniconductor
element includes a charge donor layer side and a charge acceptor side. A second
substrate is provided having a second conductive surface formed on it. An
adhesive fixes the first substrate to the second substrate so that either of the charge
donor and the charge acceptor side of the semiconductor elements is in electrical

communication with the first conductive surface, and the other of the charge
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the substrates) line up with the sprockets that nmay

either be driven to nove the substrates, and/or that
woreaps0e93dr i ven by t he novenent of the substrat BGT/US2005/010051

either case, rotational position detection of the

sprockets is used to control the various active

el ements of the manufacturing systemto ensure

accurate registration between the constituent parts
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thernoformed into a three- dinmensional article. Figure
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conductors. Conductive adhesives, electrolytes, charge transport materials, etc.,

as described herein may or may not be necessary, depending on the desired
functional properties of the fabricated light active sheet,

Figure 15 is an exploded view of the inventive light active sheet comprising a

substrate having position-facilitating die dimples. Figure 16 is a cross-sectional
view of the inventive light active sheet showing the position-facilitating die
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driving circuit for an inventive HUD with a collision
avoi dance system Figure 27 is an exploded view of an
wo pwsneddve | i ght sheet utilized as a thin, briPgt/psS2005/010051
flexible, energy efficient backlight conponent for an
LCD di splay system Figure 28 illustrates an
enbodi nent of the inventive photo-radiation source
showi ng a sem conductor particulate randomy di spersed
wi t KiAPlgs. dothisiease, e maaitionucilitating idie dimflel ifibe Biokid¥e to
devi i Ghirflai i conduct o articul ate di spersed
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an FiehreaRhd &4 har W= I X having. a
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i's Iﬁr ovi ded so tﬁ%ﬁe%ﬁ%g%%{,q %%?Vgr}g%?le‘?‘ﬁ‘@& agtepptics of
f i éheifabdcateddighbantivelsheetntatedall ayer charge carri er
matri x having an opposite polarity are injected into
the sem conductor particul ate through the conductive
Figure 19 is a schematic view of an inventive method of manufacturing a light

active sheet wherein a hole-and-sprocket system is employed to ensure
registration of the constituent parts of the inventive light sheet during the
manufacturing process. The holes in the substrates (or a transfer sheet carrying
the substrates) line up with the sprockets that may either be driven to move the
substrates, and/or that may be driven by the movement of the substrates. In either
case, rotational position detection of the sprockets is used to control the various
active elements of the manufacturing system to ensure accurate registration
between the constituent parts of the inventive light active sheet material.

Figure 20 is an isolated view of an inventive semiconductor element (e.g., LED
die) having a magnetically-attractive element to facilitate die orientation and

transfer. The dice may include a magnetically active electrode component, or an
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carrier matrix material. To form a display device, the

first contact |ayer and the second contact |ayer can
wheooanysnged to forman array of pixel el ectroPerUSHaznoost

pi xel includes a portion of the sem conductor

particul ate dispersed within the conductive carrier

matrix material. Each pixel is selectively addressable

by applying a driving voltage to the appropriate
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inventive light sheet configured as a heads-up-displayy (HUD) installed as an
element of a vehicle windshield. Figure 26(b) is a bLock diagram showing a
driving circuit for an inventive HUD with a collision avoidance system. Figure 27
is an exploded view of an inventive light sheet utilized as a thin, bright, flexible,

energy efficient backlight component for an LCD display system.

Figure 28 illustrates an embodiment of the inventive Photo-radiation source
showing a

semiconductor particulate randomly dispersed within a conductive carrier matrix.
A light

active device includes a semiconductor particulate dispersed within a carrier
matrix material.
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doped polypyrole, or polyaniline salt (such as

PAN- CSA) or other pyridyl nitrogen containing
weolopies31o such as pol ypyridyl vinyl ene. O her eReIYpER85/010051

may include materials that would allow the devices to

be constructed as hybrid devices through the use of

sem conductor materials, such as n-doped silicon,

n-doped pol yacetyl ene or n-doped pol yparaphenyl ene.
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partlc&fate al i gned between el ectrodes. The em ssive
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carrier matrix material when holes and electrons are
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em Spdhy gengdy’ UCtUure within the water, oxygen and
cont am nati on boundary provided by the hardened
carrier matrix material. In this case the m xture

0 PRI U5 SRR A AR b

t hatel¢otria fzaldicharge Qarrwpmamdlawng a polanty are injected into the
semiconductor particulate through the conductive carrier matrix material. A
second contact layer or second electrode is provided so that on application of the
electric field to the second contact layer charge carrier matrix having an opposite
polarity are injected into the semiconductor particulate through the conductive
carrier matrix material. To form a display device, the first contact layer and the
second contact layer can be arranged to form an array of pixel electrodes. Each
pixel includes a portion of the semiconductor particulate dispersed within the
conductive carrier matrix material. Each pixel is selectively addressable by
applying a driving voltage to the appropriate first contact electrode and the second
contact electrode.

The semiconductor particulate comprises at least one of an organic and an
norganic semiconductor. The semiconductor particulate can be, for example, a

doped inorganic particle, such as the emissive component of a conventional LED,
The

semiconductor particulate can be, for another example, an organic light emitting
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within a fluid carrier matrix. An aligning field is

applied between the top electrode and the bottom
web@snywsde. The field reactive OLED parti cul at BCTOS®85/010051

within the carrier matrix material under the influence

of the aligning field. Depending on the particul ate

conposition, carrier matrix material and aligning
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the oMchi8aeshatehBP by bothfaR; ddsbibdi®seilcdraShs! AEs an
enbodi nent of the inventive photo-radiation source
shovieRdueEBSi conduct or particul ate and ot her
per f par 0 10
PCT/ RS ORE omgép ngrhg}rlw o y of H*"E“tgg F‘s“é% %ﬂfﬁ’i 02%{’?%212‘%%
condieriale carr| er matrix rraterl al . The sem conductor

BZHL*.‘CU A el TA IR, B8R oA o e it B s

pol umh@l@mng silyert exbppon llr;dmm sndmagnasgura, alloys such as
car rEhEL R Y RETERR DAL WA of B AP o B Bencuve

fir Stgm(ﬁﬁwmdlwwhlghiy cbﬁXyEﬁ@ db@)Hd; polyaidlirRshighiglconducting

par (PBal SRR AianSEHER Rt AR B otigeiey

mat ertragen- For exanpl e, the second contact | ayer

becaones. positive r .the fjirst contact

ond ORP{E HoliF o ShahmokEru ke obSiRmples oy wolids

i nj mm@ms thattwould&lloserib eneld € BY cofctdaUk l1id &Ebfées through
oppﬁqsne EOl ari d%;\ charge carrier mtrix conbine

f or IS Y€ ChEFUEMINEaT RaCHYs-whely asardapgd siieany P@Pp?ﬂat r| X
pai pelyddety®stlei t ons, which enmit radiation in the form of

i ght energy.
g or n—dopec? zolyparaphenylene.

As shown in Figure 29, an embodiment of the inventive photo-radiation source

may have

the semiconductor particulate aligned between electrodes. The emissive

particulate

acts as point light sources within the carrier matrix material when holes and

electrons are
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Dependi ng on the desired mechanical, chem cal,
el ectrical and optical characteristics of the
W@ bwso9Badi ati on source, the conductive carri ePCTHS200%010051

material can be a binder nmaterial with one or nore
characteristic controlling additives. For exanple, the

bi nder material may be a cross-1inkable nononer, or an
epoxYy; ' ' L ch..the sem. duct or

par el i B B iR b O BB R URASEn
contafol | ing additives may be in a particulate and/or a

fluid.state within the binder.. The aracterist.ic
contPaRhehaudi e gyl eRioaneE MR BRER TS e
desiengisgite patticuldiavity tglontticARAligied 6 tHabh asignifiéant majority of
sem conduct or phase, an insul ative phase, a

mech&fi cal strength enhanci ng phase, an adhesive

e In h psgntlighpidaces a piédetly _oh&it&téﬂidﬂﬁspﬁ?éd&fe't\ﬁéen lﬂﬂrblectrodes (or
electron ipnjecting nmaterial, a |low wrk nmetal, a .
bl OGKTN Gt elphifades Hi'a dEpIEM) o s vusiiidss (o ek otay rom the device,
mat eibdly.redicBoérbésCidikHeBeeh Ppills ddhddfeated Pprddddidd dmibspiee,

or a conductive netal, sem conductor, doped inorganic,
dop&tUBYani c, conjugated pol yner, or the |ike can be
addeghthif tHeQRtérObxylBe arkddstabdinaribh ¥ourRRY p8SVIR¥d by the hardened
el ectrical, nmechanical and optical characterisStics.

Col SATHH I mgteldles can be included to control the
out put color fromthe device. Fluorescent and

phosphor escent conponents can be incor por at ed.
Ref 1B dhiF gasethe Brtare digpogadrwithin e cambatweandhe top andeottom

i ncloycled fze) @NIaYc i [
(' H R 4L OnSOOR R SRR AT P Bl LBOR Tl e
exarfpitian adpidcagiies phagijx. oAn pligmingdieldds apnlied betweerhhet® t he
em t ] b n . I

col [FLaiotit Y 8 Yalirh eiSods] 1hd Rel8RuPE OPED Foeplpe mores
par tWighin heearrien apix patefiad undat tednBuenee ¢fitherlighingfigdl e a
sol | - 2l Vi ng. [ t .

o e epfithe b el VoS RbY fifher AR el Syl Bing
f r orfielddhasQhEDghafticulagas tfdryn elwins betpassihs clovterdeh@anilar Thibe

ori kon. of the. particul at sq.be .controlled.
" PR el SRR e R D s R & i
di r defld)oor atheredgetbecanes| drighted in thévaligningrfekit dihie aligning field is
control.l i additi.ves may.. al [ ude. i al hat ...
ot epBlipd AR Akl riBii Bl At 5 R BRI Birfsnde jtin
t he tid Bidreatrer imatrix. THedluidoriie mkatrix comprises a

hardenable material. It can be organic or inorganic. While the desired orientation

of the field reactive OLED particulate is maintained by the aligning field, the

carrier matrix is hardened to form a hardened support structure within which is
locked in position the aligned OLED particulate.

Figure 30 illustrates an embodiment of the inventive photo-radiation source

showing semiconductor particulate and other performance enhancing particulate
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netal additives can be used so that nore efficient
materials can be used as the electrodes. The

W@ hb@saeeeri stic controlling additives can al soP@EUS®E010051
to inprove the nobility of the carrier matrix in the
organic materials and help inprove the 1ight
efficiency of the light- emtting device. Figure 31
illustrates an enbodi ment of the inventive
ph otrandoaﬂij dispepsedowitiiin ¢he cohdustingcatiiérirenmaterigc 'rms of

or gani c act i articulate dispersed.with

car raieopiEiA Al BRY Comihse g plRaRh eiaaese pariculae tha
si grindlidea Bltlezﬁd vas taganted \polyntt NEhe Edtflgated @bBmeRMhaving a
mul ti col or ght devi.ces, and gn al so, be configured

as aviiicta lsslﬁafcmsmtraﬁﬂ%f’%ﬁ%w@& 2 GRTISHPRITIE o AP Slestric field
SUC hyppledRfRiea She ﬁ'ﬁearmrsaadﬂdccohﬂa&hayeasféauéé@ holB@4rd] fdélrafsto
can |nclude 0(%@n|c and |no&%an|cdﬁ§rtl

c oneiieRLeH 18to; the sermicaryugtor ppriigulate eu%ﬂh%crnéwwaﬁ@ﬁsn
mat ehdtdt maRfiflanFdr e@ﬂhﬁl& Q:h@sec@xh@&ﬁi’ié%f‘la?ér BBESIARES positive relative
mat eri al nagnetlc d el ectrostatlc mat eri a

i nsdp Hedirs confags lavsn amﬂ@f@ capish BT PPesitd polarity is mkzeted
As o @Fe%‘éﬁﬁc@ﬁ@iu&@f ﬁelrﬁ‘culeﬁe Mhd d BN ogzg] AR cGirrte} B

active partlcu ate " can for I ts 0 tica
cherfeeiine tm@@mnuthmonmgeteé pelymer dazrgep:ammatr@saalrame

cont e ituents.

Fi glf%g{og%%%ﬁeénlg?l ca oiﬁ/“?ﬁg%%l{rgi@g?%ﬁ%&br 0ss-section
of an enbodi ment of the inventive photo-radiation
sour, o r adi far, the
sel ec FI%/de 0 tyf}rg}e%rg%&zeg?? %ﬁé}% ’pcﬁ%['%h agctﬁg#%?}deo g %.lb| e
orgachdtractemtlesroiél includes a first electrode, and a
sec e ed acent. to the first
ol o R EHER08 GPE IR opButiRE Shtis] Bl naieibign pe o binder
def imutengl aitly ae bhmbetbbhmerristicldoatralligeciddailes Rfr%xample the
di s o ed on.to nd bott.o substrates, respecti
The PETECTP At SRESF @0 PRayE BREOMEL B inufrovE e ptasmiterial
pol yies tvmrch ﬁ%&nln&mdﬁbter bzt}rﬁ&ﬂat@ﬁﬁl &diﬁiefsa& erHeRNarb@eristic
trans et ot her

oot oRFHacHgHyes ok B B pargiatts atorguid Soteviinneipder

The Tpb @ﬁ@ad@ﬁh@bbﬂfbllu%ﬁd&ﬁiv@ﬁmhﬁhﬁ@hdé 61 dxek@iplea desiccant, a
charge transport matrix material and an em ssive

par SFEIESE & "aﬁléb%’r‘@é’ asGi 4 YerHconducterpiiasss an ngwlatgphase, a
Mat mhe¢hdedabsileAkth ehifhcRidiphSdeV £ adhesive enhancing phase, 2 hole

injecting material, an electron injecting material, a low work metal, a blocking

-

material, and an emission enhancing material. A particulate, such as an ITO
particulate, or a conductive metal, semiconductor, doped inorganic, doped
organic, conjugated polymer, or the like can be added to control the conductivity
and other electrical, mechanical and optical characteristics. Color absorbing dyes
can be included to control the output color from the device. Fluorescent and
phosphorescent components can be incorporated. Reflective material or diffusive

material can be included to enhance the absorption of received light (in the case,
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particul ate receives electrical energy through the

charge-transport matrix material. The energy is
wa@ppbiesias a voltage to the first el ectrode, MI/Uk2008§10051

be an anode, and the second el ectrode, which may be a

cat hode. The em ssive particulate generates

phot o-radi ation in response to the applied voltage.

This photo-radiation is effective for the selective

pol forevarmple;] ofifa difplphotpbetodeizatdi) onehamabihe eﬁﬁmlmght qualities.

mat rd aI cO ce wWth th resent inve
pho o S a? |a<§§l oﬂl?c&gr e rgndomm ﬁgge slaig entplion, nt#tié%]?arrg%ﬂate
f or mayhise ptnférmdrimlcm itivzil ehabite zoéolﬁ celbtoyA®y el I@bﬂeeelvmg

organlc mat.eri al char tran port matr j
Ftchl 2irdlAt e 1o ket i areeiye ok fiom e sun
f | u¢fﬂmﬁiﬁ5€ﬁ§mba€t§é§ oREr lead. othédoxedn%bﬁ @fﬂie%arﬁd%ﬁtélﬂh}nﬂs@be

o1 et PR B hefarsel o b ias K avsreted dresion 0 nad isht

Ieast one of a pol yet hyl ene gl ycol, a pol yethyl ene
oxi and a g yet hyl ene sul fide. Alternatively or
add = CBﬂ%ﬂq%PS ¢ ?%lfreﬂlag gaditiyes magy gsp inelitdle mategials thabact paleat

be ks td 'i‘lhf)fd% 'tkié%hérﬁlapé?ﬂglﬁbf fh@ (ﬂﬂjﬂlﬁ&rtenal-gh he low work
intrinsica y conductive may I nclude aromati c

r epBgttl aglditiees can be yed gorthe m@l@@iﬂn@t nberidlyeanibe siseshdsithe
C ongaebiye Tﬁp&ﬁfﬁ‘é{m colfollify géddﬁmmals@be u%ed to 11‘11prove
hﬁthlo phene. The charge-transport matrix
paobilyy epthe epprier @aﬁﬁlﬁm @eromwamnalm agd help improve the

phq;ggf %ieﬂwmh?f?%ﬁo‘{ ﬁ&%l ve for the selective

pol yneri zation o d &fi on- cur abl e organic
mat eri al . The phot o- radlatlon spectrum may conprlse a

S B A Ao i
PCTS&IOJ@ZQGﬁff%ﬂt(EQQeM)orng ligheactive m@mlbetdmﬁe@ﬁdhm a

i nc 1 m.Iln a specifi nbodi nent

t hecattt Biet® Ruah, M il RSk it piea e it ol

f r cxwlor be mtﬂhmlor lightld evides rand Oalr 4l& beScohfi ghredan @dee spectrum
420 nm The charge trans

e the " r ou nﬁ
B P Rlos R APt o et Hao R G D e si ve
pargamulaae ean/inelndeorg@lié agindaad Prti@e cobstithéditd ihélading at
j ode @mql%t he second . el ectrode. These charges

TRSpothmalsHgl BreAnig FRtenSlsc AR {taRsport material,

emrﬁ@h@tﬁ: and electrostatic material, insulators, semicornductors, conductors, and

the like. As is described herein, a multi-layered organi c light active particulate
can be formed so that its optical, chemical, mechanical and electrical properties

are controlled by the various particle constituents.

Figure 32 schematically illustrates the cross-section of an embodiment of the
inventive photo-radiation source. The inventive photo~radiation source for the
selective polymerization of photo-radiation-curable organic material includes a

first electrode, and a second electrode disposed adjacemt to the first electrode and

74



particul ate, this photo-radi ati on being effective for
the sel ective polynerization of
wWQEb@so9m3adi at i on- curabl e organic material. TheP€nUSBOVE10051
particulate is capable of emtting photo-radiation in
a photo- radiation spectrumeffective for the
sel ective polynerization of photo-radiation- curable
organic material. The photo-radiation spectrum nmay
Cco rﬂﬂﬁnsg eegapahﬁg;ebet\bmlv\ﬂha elasicbdenart dibpogd WY téa dhdbd difom

g B ER el e Py 35 e it el pugh s

s pamilyester, dmm,cbrnmﬁke @nekhl@mﬁmtbe@ﬁnsﬁafbﬂt while the other is
photﬁ Badl ation spectrumenitted fromthe em ssive

par Y%te is in a range centered at around 420 nm
One of the first and the second el ectrode can be
to at. l.east a portion of photo-radiation

tra ar en
b A P it SR pier s tRoged IR s Thn ahabe st iaigan
t henfidsiont 1apdtGhclddRs a SRESNFaRb&E InaR ek IS LehligGld ve

of at.least a portlon of the photo-radiation emtted
by Reffisulats dispsreedyithin @mdéﬁrge-trarﬁ@orémam matenhr Theamissive

mi YoaRRABES RBeifesTRBLFANGE Qﬁroﬁ?l: e-tgdﬁ Sﬁbrﬂ‘ﬁatﬁgﬁ terl

g}g‘gl c and/or an inorgan em con

FRATEY Frappliedss a:mif@gﬁ:ﬁodhe ﬁyatretlepc@odatvdn@anay hecanmcle
an ;94 ga i C

o 20 R 3etord diflivolE i B8 bd FURLE HELERbor Romare
hagererdes phaipe 141T§Dn|1@WSP@l§¢ItDéh¢ aggtlied moltre.e Xhis phtﬂjoeradlatlon

ch I electr
bt et b PieseRRiclt M ARR o bl G il g
sematwiabluct or particul ate through the conducti ve
carrier material the second contact |ayer becones
positive 76 WD 2005/099310 PCT/ US2005/ 010051 rel ative
]E o Iy hgorfd ansé wiﬂn ﬂteqnesehmrmhti@n d_phbtarrg@gw@rsbme % dMtained that
i S are ected jnto the
serrslS %:ffgg%uc % ed) Pfoyﬁﬁm?rgau%@ Zgﬂ? Pganie MaderAl n Lhe
to cfla:ngemrampbi’tenm magaﬁbl&dayﬁiﬂ a)llﬁ@tﬁc frﬁk@b&@ nfafdiibl QIR d S

A e tfolyie %‘ﬁéfoé@% 9‘??@ indgine aﬁaﬁ%%r&fﬁﬁ%ﬁ e

pamhé mmﬁap@myelmamd 188y RAd pd fﬁ&%&éeﬁﬁ%@%ﬁ% at 'Slge?sg E)]rée

one . of e tr ort materi
el QE?PQ}ﬁe V‘ﬁ?&@éﬁ“r"? applysthylepe oxide, and apolyethylene sulfide.

Alternatively or additionally, the charge-transport matrix material may be an

intrinsically conductive polymer. The intrinsically conductive polymer may
include aromatic repeat units in a polymer backbone. The intrinsically conductive

polymer may be, for example, a polythiophene.

The charge-transport matrix material can be transparent to photo-radiation in a
photo-radiation spectrum effective for the selective polymerization of photo-
radiation-curable organic material. The photo-radiation spectrum may comprise a

range between and including UV and blue light. The photo-radiation sp ectrum
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The organic |ight active particul ate may conprise

particles including a polynmer blend, the polyner
whbk@sgodsnc| udi ng an organic emtter bl ended wi PET/ESE2005/010051

| east one of a hole transport material, an el ectron

transport material and a blocking material. The

organic light active particulate may conpri se

m crocapsul es including a polyner shell encapsul ating

an igdyefidhale aﬂ’aﬁg@bﬁﬂmma%lﬁmgas@%uﬂﬁsnbﬂ gnd specific
inclu n%l ng an organic emtter a‘inded with at Ieast one

of #rhefEnentofifls drventing tephpto-radipfion speqtrgherpitigh Sy the
Mat gihblraditebnts RIr@CK il \rahBd @hitedd-at Adan A2CIMG! | Ve
carrier material may conprise a binder material wth
one or nore characteristic controlling additives. The

charggRirbStdr SR%&éHai irfk%l i lédtﬁ’%ﬁc}f%f s  the LigRs{e ON€

of a partrculate and ncl u esiccant; a

condgdicplate Wigasrevoltage i @mlt,eért@l thetfsst efsteds, and e second

i ns |

phastorodd THIRS Erarfbs TREL B el TR BRI erisive

nrat ewart@ulateaﬂuseﬂml;@-mﬂmmnﬁ)emg eﬁgctlvqﬁtr ¢l selective pobwlemakon of
otoel-ag’lg?o%k &gg 1.6 Jq%ate d an em ssion enhanci ng

mat I al I gure ustrates a step in an

enbodi nent of the |nvent|ve nmet hod of neking a

pho S h a n ssi ve

Par (e SAPE? R Gangb o gl iR, ARieBEh B Bioom
subgstdigioa spectdanb offéctine ﬁirﬂtetselbdtﬁze p'BI)menzatlon of photo- radlatlon-
partlc ate/rmtr ' n.be applied onto.the

Xt ur.e

P ot rhtstial, s PG ra R e BB B Fefbtgp 8 Fange
c oatbleﬁ@eﬁ magﬁcuﬂtnﬁasx]{ afitbbige hiﬂftell‘ﬁe phtﬁd»i‘%haﬁlﬁg kg aumGshay

one e i.rs el ectr an t he secon
o1 cdtohgtsa ey Hetv e e ikludie 105 A0S A A rSHi o apdiment
photod tHeamkiefidn) BhSHIRAS-FadiBHSh \/%%ﬁmmmﬁ@éd fkdig ﬂfeeJnﬁ@weve
pol ynmeri zation of photo 77 2005/ 099310
PCT/WB‘@@/‘W@)@%‘* penpred 4t gFRVRE AR P or gani ¢ materi al .

The first el ectrode and the second el ectrode can be
pl anar and di sposed on fl exi ble substrates. Figure 34

i | | (Zerohthedirg anddhe sepondrrleciinde pan hedrannarrgtitogt 1%?1@1 neytign of
PhotRsHaFHid dnWhnite8 B B enBRAW p@&w&ﬁ% aﬁ& BR Rifer %{hfe @5 Hhd

spreadl ng t he em ssive gartlcu ate/matri x m xture
ont dhe seondslecode ceche igdective af athgast appson efifbe photestactiatipn

IS Rilikdathydd Qiissivb Particulate.

The emissive particulate may comprise a semiconductor material, such as an
organic and/or an1 inorganic multilayered semiconductor material. The
semiconductor particulate can include an organic light active particulate including
at least one conjugated polymer. The conjugated polymer has a sufficientls’ low
concentration of extrinsic charge carriers so that on applying an electric field |
between the first and second contact layers to the semiconductor particulate

through the conductive carrier material the second contact layer becomes positive
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surface of the bottomel ectrode to spread a uniformy

thick layer of the em ssive particulate/matrix
woradosdsiio Spacers may be provided al ong the ergBEESWN5/010051

the bottomelectrode to pronote the uniformity of the

spread m xture layer. Figure 35 illustrates a step in

the inventive nethod of making a photo-radiation

source, showi ng the addition of a transparent top

substlagdeao Wetflistcomng Ryt ch@fe catieRlor Gee afY fcordWpes are

em ssi ve ?r I cul at /natrix8p1xture. At | east one of

t he Wpgied intodhesemicoaduciorpapticulaiss cHitrhatse cerigeeomirerie form
trang ﬂfércSﬁjﬁ%e&&l poR@Hed chaRs ckried Pair@ wilich RBOk QadiAfleRsb Aht

spectrum effective for the selective polynerization of
photradiatiords epittethrem tianosiugptedpplyment Brg ereaniqlight petivet

el eqlaFiReRARG doRBriSe s Aehs S ARLiASEeasEHR dHRoR BRI oraNd

di sposed on f|exible substrates. The top substrate and
t he mapyial, orgapicepiftersrand ¢lectiop sranprorbmaterigh t h t he

el ectrode material being indiumtin oxide, a

conj ugated polyner, or other transparent conductor.
The Thepraanisdightacivernattisniate maycmmpyise pattiglss inshudinglagpodynsr

ot h r g o | i .36,
o il FUGAESE R0 B BAFE bl LS g g
photadwkeditivggiarionatersab m elcirarhioans port ttaerist @yl aflocking material.

R e G R e T

Onc golylrer shejl eswapsiatiag en awainal plagseebmptisaice agrotymen blzhdce
t he trix materia ned to r .
i oo el Bangoogt materil

. l..c e, hard
ot i iditg o SRRl e Bikn B
photan-efeotrymemspoaiahsiedal gadha blodhe friagdrial. 2  t wo- part
system such as a two-part epoxy, a thermally
hardenable material, or the |ike. 78 WD 2005/ 099310

PCT/ 14826k ut vkQ@hikr mbiel bliBay T émiplrisé! 8 bindbeMateridl v dnd of BRre
i nventive. net hod [

of makin hot o-radi ati gn squrce,
ShoPHECIRiEC STBgIBE ddiiva T dreadeishcaralipe additves are at
photigrst cidiof b pAfciE b bEa S8 Biclud @ EeBickdh® aShlibktwt phe, a
devi ce, structure has been gbtained, the ends and edges

can SBEicoRquCioRBkAse g skl eephpseo o rapshnieal st pangigg phase,
|1 R AIRERS elHafii &b Rle fbclilp SR, ah BRECo Afthlg 0N

source sheet and Figure 3 ustrates the conplete

sol inptegiahadow Hieet metalad Plackingymataniek end preemistien erbagning, en
W t hpa.dfiving voltage to |ight up.

Figure 33 illustrates a step in an embodiment of the inventive method of making a
photo-radiation source. In this step, an emissive particulate/matrix mixture is
applied onto a bottom substrate with bottom electrode. The particulate/matrix
mixture can be applied onto the surface of the bottom electrode through a slot-die
coating stage, or as shown herein, using a glass rod. At least one of the first
electrode and the second electrode may be transparent to photo-radiation in a

photo-radiation spectrum effective for the selective polymerization of photo-
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Fi gure 44 shows an exanple of a roll-to-roll

manuf acturing process utilizing the inventive
wQ@b@sn93adi ati on source for curing a PCT/US2005/010051

phot o- pol yneri zabl e organic nmaterial di sposed between

two continuous sheets of top and bottom substrates.

Fi gure 45 shows an exanpl e of a conveyor continuous

processing systemutilizing a curing booth having the

i nv &Biﬁihﬁ@%dﬂmll@or%ﬁﬁ’d @atb@ﬂ.hmm@ leleEtir&w&dﬂ& sehsidelRftode
exanp of a |ight-pipe,_ phqto-polynerization system
havi‘i‘?ﬁg%ﬂa'éq‘}ﬁ%glﬁ@?f’d g‘Tﬂg"t‘tﬁ"es‘P&\‘F@%’?ﬁ'i ve photo-radi ation
source. Figure 47 shows an exanple of a

t hree- di nensi onal scanned curing system havin an_
enbdigure it illypiraisia stap/e feipentpyiomsthpd of mekiag 2 sbetevediation
thi S06RS QholillS tHeEp E hfﬁ?omﬁ*k%@édﬁ%ﬂ&ﬁq@ﬁvé?&ﬁ&ﬁaté/ﬁlatﬁx
used to create a focused beamof I'ight. Mrrors are

us ednixfuge aEaiebrtonelgrrodse nihdy ease.itheslessrpdiseoulied across the
pool | e Rty j I ' -8l :
PPtk RG0SR Tt o 65 ol
mat evartichlatetraatrix materiplp iSpaests gy béiproyiiad alodg egidgesod dm

e DR SRS BTR e eI B ERI RS,

scanning and stage | owering passes, a

t hr eg- dj ' I l.j ject is.huilt . _Figure..48
1 p e PERLRG. B R it o sl o P
di odeumde,showing thendéitibn of eafransproenaop sullsirgth twithritab$pareat top

di od e consists .of sem conductor | ayer di spose

pet viesiiod 81 B s oo R ACLASHAE Rhrn R’ B o oS P B frse
appldeetfodeqant e secomid eedieo denthyapotmspabmad phers-radigtionah es
combine wi.thin the sepi conductor, | ayer and. deca
S S R S R S S
PCT/rhif28%u bR anid lﬁ%tmpmeaﬁm elottidtetane ﬂwsg&gxa]{electrode
e bR R G el o B SieS ' Todto Susstite o th op
photefeciradd dy telirafisiacdat, SviMEPEGr M ediél beifig Sidfugn fPoxide, a
illustrates an inventive photo-radi ati on source havi ng

a_f SPHHEAEHPobmer; Qjiotther wansparERigeaieter. dThedor ehsiae awterial
Wi t hanibe SONARF, oRis Y difer BARGRRG: bbshare ARIL anode  and
cathode.” A plurality of light emtting diode dice
generates a photo-radiation spectrumeffective for
the 5ghesd illﬁ_ﬁrd?égla)éfégri? #R3%dveRivY method of making a photo-radiation
phot o-r adi at 1 on-curabl e

source, showing the step of photo-curing the matrix to form a solid-state emissive

particulate/hardened matrix on the bottorm substrate. Once the top substrate and
top electrode are in place the matrix material can be hardened to form a solid-state
device. The matrix material can be a photo-polymerizable organic material, a
two-part system such as a two-part epoxy, a thermally hardenable material, or the
like.
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organic material. Each die has an anode and a cat hode.
A first electrode is in contact with each anode of

wo b@soespect i ve |ight emtting diode dice. A seCDOS2005/010051
electrode is in contact wth each cathode of the
respective light emtting diode dice. At |east one of
the first electrode and the second el ectrode conprises
a transparent conductor. Figure 50 illustrates the
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The intrinsically conductive polyner may conprise a
benzZiigee dé shoratan\eeamplbief 4 nllrtpmell malhdfgcunmg guotesy etlhzmg the

po y. .Se a thio S an
oo BT SRk S B Ren ubhe R BERE oy et Breah®
shownmgmﬁdmh@adbamn&nab&oﬁmﬂdesnmaeohmpamgbOﬂmhmm@umes
chanpel s.._I.n accordance.wi th t enbodi nent
o oS 13 i B PRI St bon P s S stet Wiizing
consg ¢udiag 86oth having tﬂlemabnufvs ldﬁ(ho-@ﬁl%ioﬂ BoURCEN Fidureod shogs an
system su s c¢ool.ing fins. can be ovi ded
i S S BHPIE Oh B TR PO YRR G SR PO Ach g Rment of
t i ghthé Mvemek pbtd-Sddimbh esured i norganic light enmitting
di ode dice. The system can be cooling channels through
which a fluid material, such as forced air, water, or

ot hemg&rb a9 kithvisl 28\%Ramplb 6f bﬁ%eﬁﬂmedsioqslsemﬁm‘hﬁnméﬁ%amg

through a radi ator or other systemfor renoving
f r orAtj embodigieat efithe wyemtivephodg sAdiatioR sayrgse Iythis case, the mventive

sel f }ﬁ%@iaﬁ&gsouﬁ!e(??l%@d ﬁp&éa[télﬁ Hﬁuse@%e&ﬂ lo§11 t. Mirrors are used

const ruction, an extrenel

? ggah%g denS| ty is
obt arseat the lighibengn ovr ﬂl@éﬁ@‘%@ m olmagerizable orgamc
PCT/ HQ@I@&]@S ﬁ%cﬁ%]]rt 1|§] EUagx%dlo'v he éd?fa@% t&f%ahg; %}?%eﬂgf ﬂlﬁtqg

Thi s very Intensity ena ective
photlmpplgb@/bmthﬁ mnn@rilgbf beamgfarddens. pWith pashisecxbsivaiwpani c

mat e&dn%mggﬂk%mp tEﬁ%ts 5 %q%\@%rec? ”o%&%ghﬁﬂfé‘éu%wséiv%%e@{ s&iﬁﬁmg

and stage lowering passes a three-dimensional solid object is built up.

Figure 48 illustrates a conventional inorganic light emitting diode die. A
conventional inorganic light emitting diode die consists of semiconductor layers
disposed between a cathode and an anode. When a voltage is applied to the
cathode and anode, electrons and holes combine within the sermiconductor layers

and decay radiatively to produce light.
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i ncluding W and blue light. The photo-radiation

spectrum may i nclude a range between and including
WQeW5am310105 nm | n a specific enbodi ment of tPEr/US2005/010051

i nvention, the photo-radiation spectrumemtted from

the dice is in arange centered at around 420 nm In

accordance with the present invention, a nethod of

maki ng a photo-radi ation source is provided. A first
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one foifmatibe of light emml@th@deehce@btamibleamabcbmﬁewﬁh én
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b ou mpermangttytfeded inya ﬁmadine@ ibvig siueped Qbémb&nvtﬁfﬁrlst élﬁ:trode
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b o R SerRd ettt SO R yog Ohfoli ol pirss ooy T pruralit

fi rsatfdnb amebe peﬁha&hﬂ}oﬁb&d&ﬂﬂfo‘iﬂ@no‘hﬂﬁ%ﬁh RAGABRA to at least one of

ele%beeﬁa lcﬁ{? t@ a. Thi s blnder mat er.i al
13hPlecheds and eafieF?P ysipg ap gityagieallyprpductiye ¢

pl arparymef eThe lﬁtﬂﬁsm@l@@oﬁdﬁ@uﬁ%@%r RapbahpakesbéRde can

be bound to %;et her Fﬁléjt he bi nder materi aII) that also

f i x deryatige ¢ Hhe g rilly condugtie palymer may cprpEse 3 polythiophene.
accordance with this 81 WO 2005/ 099310

PCT/ US2005/ 010051 enbodi nent of the invention,

ul t FEURR Yhis ap empedipepipl denasientveipbooradinren squrechdawingtre

neededt ok SRLARTe vake Mg cHARE tEn8aCH Y b A4aln fHise

embodiment of the present invention, the bottom electrod.e can be constructed of a

metal, such as aluminum. A cooling system, such as cooling fins can be provided
to dissipate heat that is generated when driving the tightly packed formation of
inorganic light emitting diode dice. The system can be cooling channels through
which a fluid material, such as forced air, water, or other Tiquid flows. The heated
liquid can be passed through a radiator or other system for removing heat from it,
and the cooling system can be a self-contained, closed apparatus. By this

construction, an extremely high die packing density is obtained allowing for very
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Figure 52 illustrates an enbodi nent of the inventive

phot o-radi ati on source having a geonetry and opti cal
waymsem3ior concentrating the |ight output forP@hUsmwes010051

curing an organic material in a continuous fabrication

met hod. The curved geonetry is obtained by form ng
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sur PHEEed giamypd 426m8hows t he i nventive photo-radi ation
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shaped with a |ight em ssion enhancing curvature.
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emtting diode dice. A second 82 WD 2005/099310

PCT{,US2005/ Q10051
At €ast one o? ;[lhe ﬁ?st planar electrode and the second planar electrode is

transparent. The first planar electrod e and the second planar electrode can be
bound together by an adhesive disposed between the first and second electrode.
The formation of light emitting dice can be fixed to at least one of the first planar
electrode and the second planar electxrode by a binder material. This binder
material may be an intrinsically condeactive polymer. The first planar electrode
and the second planar electrode can be bound together by the binder material that
also fixes the formation of light emitting dice. In accordance with this
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optical system can be di sposed adjacent to one of the

substrates for controlling light emtted fromthe
w@bkwsapdsty of |ight emtting diode dice. Fi gureCBRS1085/610051

cross-sectional bl ock diagram show ng the constituent

parts of the inventive |ight active sheet. In

accordance with an enbodi nent of the inventive 1|ight
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el enelirtion smmodHMghlﬂet lisheghestroenimictida with ah@ﬁdbistﬁiﬁb w1th an
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side view showing how the light output intensity can be imcreased by changing the

shape of the curved light sheet construction. Figure 60 is a schematic side view

showing two curved light sheets having a common light emission focal point.
Figure 61 is a schematic side view showing three curved light sheets having a
common light emission focal point. As shown in these drawings, at least one of
the flexible substrates can include a first optical system associated with it for

controlling light emitted from the plurality of light emitting diode dice. A second
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83 WD 2005/ 099310 PCT/US2005/010051 emtter. In this
case, a white-light solid-state |light sheet is
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smal | p0| nt h%% sour.ces. shown in Figure 67, in

a ORIt ea‘ﬁ.(lﬁo S p]g%cally ﬁpgduaﬁn@ than the semiconductor elements
so that the preferred path of electrical conductivity is through the light emitting

elements. In the case of a light-to-energy device (i.e., a solar panel), it may be
preferable for the matrix material to be more electrically conductive than the
semiconductor element so that charges separated at the donor/acceptor interface

effectively migrate to the top and bottom subsirate electrodes.

Figure 63 is a cross-section block diagram of ara embodiment of the inventive
light active sheet having a cross-linked polymer (e.g., polysiloxane-g-

oglio9ethylene oxide) matrix, UV semiconductor elements, and phosphor re-
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is held in a netal cup so that one el ectrode of the

die (e.g., the anode) is in contact 84 WO 2005/ 099310
wERODsSBBO05/ 010051 with the base of the cup. ACEUS®OH010051

cup is part of an anode |ead. The other el ectrode of

the die (e.g., the cathode) has a very thin wire
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Figure 66 is a side view of a commercially available inorganic LED die. A
conventional inorganic LED die is available from many manufacturers, typically
has a relatively narrow radiation emission spectrum, is relatively energy efficient,
has a long service life and is solid-state and durable. The die shown is an example
of an AlGaAs/AlGaAs red die, obtained from Tyntek Corporation, Taiwan. These
dice have dimensions roughly 12 mil x 12 mil x 8 mil, making them very small
point light sources. As shown in Figure 67, in a conventionial LED lamp, this die
is held in a metal cup so that one electrode of the die (e.g., the anode) is in contact
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brightly. This inventive device structure allows a
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apptigste G8ds & ost-gesienst Yiew of ayexaerémentad prajetysonibithe inyeigive
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Figure 69 is a cross-sectional view of the experimental prototype of the inventive
photo-radiation source having a drop of quinoline as a conductive matrix material
completing the electrical contact between the N electrode of the LEED die and the
ITO cathode. When voltage is applied to the aluminum anode and the ITO
cathode, the quinoline completes the electrical connection, and the die lights up
brightly. This inventive device structure allows a connection that does not require
solder or wire bonding between the die and the current source frorm the anode and

cathode electrodes (the ITO and the aluminum). The aluminum bYock acts as an
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particul at e/ conductive carrier concept was
denonstrated and proven viable using very small
w0 pasoysw at ed” i norgani ¢ LEDs suspended i n anP¢DOB1005/010051
conducting fluid conposed of a fluid poly(ethylene
gl ycol) (PEG polyner doped with a room tenperature
nolten salt. Wien connected to 110 v AC, these 3 v DC
devices light up without burning out. 86 WO
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Figure 71 is a photograph of an experimental prototype demaonstrating a free-
floating light emissive particulate (miniature LED lamps) dispersed within a
conductive fluid carrier (salt-doped polyethylene oxide). Ara emissive

particulate/conductive carrier concept was demonstrated and proven viable using

very small “particulated” inorganic LEDs suspended in an ionic conducting fluid

composed of a fluid poly(ethylene glycol) (PEG) polymer doped with a room
temperature molten salt. When connected to 110 v AC, these 3 v DC devices
light up without burning out,

86



and bind the top substrate to the bottom substrate. As

the hotnelt sheet is softened, the LED die
whe@akedstough so that the top el ectrode cones PEIL/US2005/010051

el ectrical contact with the transparent conductive

| ayer of the top substrate and the bottom el ectrode

cones into electrical contact wwth the electrically

conductive surface of the bottom substrate. Thus, the

p and n sides of each LED die are automatically

connected to the top conductive |ayer and the bottom
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a_beivias thispaial with e BOIHB tdchdbias! e (Wehtive ligRIRBSIEIAH
LED,die) .and a to substratg. The bottom_ substrate,.

{ ho PR S, uiliariat; qrm factprand fpfLsneisun gEeploreAnelpding highy
t he brigingsWaié R4 can be provided as rolls of
material. The rolls are brought together in a
continuous roll fabrication process, resulting in a
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roll-to-roll Tabrication process enables a high yield,

| owdirveriiog: 2 matad fsaseidadied meking indight agtive sheetadcbottom
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invention results in devices wt nique, very thin
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of et ARloi iy Shendg by Reftrlle empegis L
i n dicagims@ied detsweppihy electtitally fcomd uotitensat-fhcecanil digd tvapspmbeaet

'S gcgn lflxgt?\}e lzliy%} R SN % ?a(r:&ina\f\lnortl.h The lamination is run through a heated

pressure roller system to melt the hotmelt adhesive sheet and electrically insulate
and bind the top substrate to the bottom substrate. As the hotmelt sheet is
softened, the LED die breakthrough so that the top electrode comes into electrical
contact with the transparent conductive layer of the top substrate and the bottom
electrode comes into electrical contact with the electrically conductive surface of
the bottom substrate. Thus, the p and n sides of each LED die are automatically
connected to the top conductive layer and the bottom conductive surface. Each

LED die is encapsulated and secured between the substrates in the flexible,
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the electrically conductive surface of the bottom

substrate. Light active sem conductor elenents, such
w@gooseD3u e, are enbedded in the hotnelt adhesP@BEUS2005/010051

sheet. The LED die each has a top el ectrode and a

bottom el ectrode. The LED die (or other sem conductor

or electronic circuit elenents) can be pre-enbedded

into the hotnelt adhesive sheet off-line in a separate

openRihéihdh&ivelsheck 120§, B bABRLbRES: ﬁ{e%%ﬂﬂ%{ a%hgéﬁ)g %tvgh the

A warm tacking pressure roller systémcan be use .
sof teedded LFA) ¢ie) endsitp topi sybstratecran be prayided as wlls hmaterial.

bot t ' o
i ages i@l tobpfien i Wm0 R R T hbeet fimutipg n
WO 20Bsibobetof tiing)®a®aa/ 010051 seni conduct or

el ements and keeps the adhesive fromsticking to

itself in the roll. At stage 3, a top transparent
subdiguat &3 Hlastratey an intvestive peethed tfocmamifishiring allightexctivesheet

P e rot ol e 3PS, e ARG bve e et s VRE St
condevité arehiruiuferndudingla béton subssHe adidtmedoaitiesite (wih

| ayer .t f .a lgmnation. The |amnation i.s.run

¢ hr SUBRRd LET ) g BRLEs. of FedBoR UL thefgimelt

Ept g&hdshivadhﬂs' ihe embétRied LEndﬁ@Ir?ﬁ@ ﬂfeit@ﬁbdbk!trégé] &dal b%tpemx%]bd as
I n t op, strate . to the ottom substrate. The

ol |f%‘f5§%ﬁﬁfﬁoﬂa§ uﬁ’éé? dire brought ﬁ%ﬂefg%mﬁé:sflmuwﬂ&bnegwn

be prsveisdrRsulfigy in AgRkibRGhY af lightind Reeadhesi ve.

Appl i cants have di scovered that as the hotnelt sheet
is softened, the LED die breakthrough the adhesive so
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el e?}é'sérﬁ flvemfRaGits ¥ debicdsiRne] Gidd ﬁ&lf o ﬁ)ﬁﬁ Pried gﬁﬁ‘?is
surface of the bottom substrate. Thus, the p and n
si dexreselatexible. mptapreotand hightyoabust.cal | y connected to
the top conductive |ayer and the bottom conductive
surface. Each LED die is conpletely encapsul at ed

wi t Ahe preprat inyentieh pertaisde aveethod obf ntabing albightraatiesshest. nThe
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Elq g g{s“?aﬁééwa nlﬂ)%%ytr rgfrf] gé%ﬁc\gﬂ{%{t adfbsive }s/l%g{ i§ g?oulgﬂgrr% cgr(l;cgclt With
the electrically conductive surface of the bottom substrate. Light active
semiconductor elements, such as LED die, are embedded in the hotmelt adhesive
sheet. The LED die each has a top electrode and a bottom electrode. The LED
die (or other semiconductor or electronic circuit elements) can be pre-embedded
into the hotmelt adhesive sheet off-line in a separate operation, or in-line as
described elsewhere herein. A warm tacking pressure roller system can be used to
soften the hotmelt adhesive and secure it to the bottom substrate. The hotmelt

adhesive sheet can include a release sheet that protects the embedded
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conduct or wi ndows and hi ghly conductive leads. In this

enbodi nent, the transparent conductor w ndows are
wa@ppbiogdia o a transparent substrate, such as RETPS2005/010051

through a screen printing, sputtered through a mask,

i nkjet, gravure, offset, or other coating or printing

process. The transparent conductive w ndows all ow

| ight generated by the LEDs to be emtted. In

acc I

i CEong el omlite B! £55Hho ol BUFLk) Aol WERA! R o1

nec edfstagy 3, 2 fop drapsparentsubsiratetaving armehspashbendugive Byertihe

LED el : fh y

condieiifeds i MBbchthet ke (R B chvgd T 2R AE B,

sur fbetesn tlmmlek:malbmdosduchewawmdtmaﬂmmm condustive layer to

per nen mai n ned n_the ho sheet
Thi Sqa e | ce P& h? eelglintl 1\'{\éqnll ﬁéﬁet&ﬁﬁ%ﬁgmieéo %fsgtﬂ
yi elmklBBe Wﬁnﬂm adHeRiO ket aﬁWehﬁBﬂQEﬂdﬁmﬂl bind the top substrate

cturin voi d the need for
Condt 2 7k B RG, TS i teePRE or sffere gt zbpes can
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efficient device, Figure 75 is cross sectional
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conductive | eads.” The 1 nventive active
c o néhestop cerfdugtivedavienadshpbation @nﬂu@wc lshrgace hBech Irm/mn i
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sen conduct or el enents each have an n-si de and a
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surface an e transparent ductive | aye o f.orm
2| aparREsen o ARG Teonlient § Caney M GuEa
t he PET, through a screen printing, sputtered through a mask, inkjet, gravure, offset,

or other coating or printing process. The transparent conductive windows allow
light generated by the LEDs to be emitted. In accordance with the present
invention, conventional wirebonding or soldering of the LED die is not necessary.
Instead, when the hotmelt sheet melts, the LED dice automatically make face-to-
face electrically conductive contact with the top and bottom conductive surfaces
on the substrates, and that contact is permanently maintained when the hotmelt

sheet cools. This device architecture is readily adaptable to high yield

39



electrically insulative adhesive electrically
i nsul ates and binds the top substrate sheet to the
whodosom3subst rat e sheet. When the adhesi ve sheR€T/US2005/010051
activated, one of the n-side or the p-side of the
light active sem conductor elenents is automatically
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into electrical communication with the electrically conductive surface of the

bottom substrate sheet to form a light active device.

Figure 76 is an isolated top view of a pair of LED devices connected to a highly
conductive lead line through a more resistive transparent conductive window.
Figure 77 is an equivalent electrical circuit diagram of the inventive
semiconductor device circuit. The transparent windows are composed of a

conductive material that is not as conductive as a metal conductor, such as copper
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sem conductor el enents, such as LED die, are fixed to

the electrically insulative adhesive. The |ight
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havi ng a transparent conductive |ayer. The
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pred®i§f. i nvention. This sinple and unconplicated

structure nmakes it inherently adaptable to a high

yield, continuous, roll-to-roll fabrication
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Con% H}%Sﬁgcﬁd { re%??sy\ﬁsé g t%?tga{éérﬁhz §le%t}19a?ly ORI sul%ce and
the transparent conductlve layer to form a lamination. The electrically insulative

adhesive is activated to electrically insulate and bind the top substrate to the
bottom substrate. The device structure is thus formed so that either the n-side or
the p-side of the light active semiconductor elements are in electrical
communication with the transparent conductive layer of the top substrate, and so
that the other of the n-side or the p-side of each the light active semiconductor
elements are in electrical communication with the electrically conductive surface

of the bottom substrate to form a light active device. In accordance with the
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formed as a continuous surface, such as ITO (indium
tin oxide), conductive polyner, or athin netallic

WO 200810993 gure 80(a) is a top view of a transpBCBEN$2005/010051
substrate sheet. Figure 80(b) is a top view of the
transparent substrate sheet having transparent
conductive windows forned onit. Figure 80(c) is a
top view of the transparent substrate sheet havi ng
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di paformed off-line on the top substrate and the substrate re-rolled, or the

conductive windows can be in-line during the fabrication of the inventive light
sheet or semiconductor device. The windows can be formed by inkjet, coating
through a mask, screen printing or other technique. The transparent material can
be a conductive paste, a conductive polymer, a sputtered layer, or other suitable
material that enables light to be transmitted from the LED die.

Figure 81 shows a two-part step for stretching a release substrate to create a

desired spacing between semiconductor elements diced from a wafer, A
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Figure 82 is an expl oded view of the sheet conponents

used to enbed the sem conductor elenents into an
w@ivemsyoseo hot el t sheet. A hotnelt sheet is plBCEUS200$1010051

top of the stretched LED dice, and a Tefl on rel ease

| ayer placed on top of the hotnelt sheet. The hotnelt

sheet is heated, and pressure applied to enbed the

LED dice in the hotnelt sheet. \Wen cool ed, the
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cros® ls@sttatcrhedi for\theepiciodndt flgee ef@ipRBAlto SMeSe ¥ dilk
nbgcqg sem ductor el enents after renoving the

sem ¢ &Y 8} eé’ﬁ%*ﬁ'ﬁ JOYERHOR, A RSuas pEaeande fermet by spreading
subtht shea to makedtirtdy @ tHeQighi pbélﬁgaﬁcﬂ?angfgxqt Fﬂr&:ﬁﬁ fd tﬂglnelt

sheet in formati on or usi

the rel ea
pl aFEHEE ﬁﬁﬁée may feed 19 beavintegmediase ngléjﬁlat:faanSf@s te a'ﬁlhemy ee
f or ankiahei thg liear PAPRACAIBA BECboRAI " e% mtAEeeWJdelgor closer

active sem conduct or élenents I nc

el ePRIHG apd;vath IBB#W&TP adeniify tlaﬁdlltpé@l in életfomdgfﬁeet caused

et tyarls uspsioh B rdAeal o 2005/ 099310
PCT/ USZC‘)ﬂg/ 010051r Fi gure%ﬁtﬁﬁg’ a top view of the

inventive light sheet material configured with

2gg?| onal ll{%?’éﬁé&?%ﬁf\/‘%{ e %fn%g?ieitn ‘ﬁ%‘g 0 e&%ﬁﬁd fbﬁur ed

Wi tSﬁmmadé@tga@eréermmmdhem hoﬁnegwheets Q(lﬁ))rmbl‘p‘sh@ettl@[ﬂaced

Vi f avi
.. ?Iﬂet(o: rog gleegé gur A ?Eff%%“ﬁ aSPe op & easqllln g%pg:% Aa(ﬁl top of the
adhetmele sheet n’ﬁiethoshdmedetayhda@d;emqﬁﬁb&de lappliedit€@nbed the

Fi f { t bstr at
ChalP RSt el hER WiEHefoof At etefherican bpmmensd

c o ﬁ@mthe\ﬁ@etchydeasc substme fud e @rrlbyd ol i i Bied along with

uct i mat erial, such as ITO
rt i ci egﬂlts%e%gnﬂ r?éfa) B hess, Se‘ft’é’“"l‘ld’gq’f‘f eigheiimply gheet with
I [ gtmbeddmbﬂeamo&duaﬁr dléiﬁﬂi@qiﬂdﬁ% feﬂﬁﬁﬁn tﬂ:eas%ﬁ‘néo to'r%lements
Y)ind %rfgr co%gl%eﬁ‘:b wth a respectlve 19
?r PR ELRIPsE Al e.r Beuiei 83dpys ‘F]Pfgﬁﬁeﬁec’%mﬁdfm ofithe
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subst.r at nd. t he ottg1 substrate for
sémiconductor elements e release stretch substrate.

In addition to lifting the LED dice from the release sheet in formation or using a
pick and place machine, other inventive methods can be employed for forming a
predetermined pattern of the light active semiconductor elements including the

electrostatic, optomagnetic and adhesive transfer methods described herein.
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providing a relatively |ower path of resistance froma
power supply source to each light active
waeossomsduct or el ement. The el ectrically condur€T/ug2005/010051
surface and the electrically conductive pattern
conprise a respective x and y wiring grid for
sel ectively addressing individual Iight active
senmi conductor elenments for formng a display. Figure
87 Bigwie34is aitow eietviof ¢henintdntick fighe shvprihdtas %ﬂﬂr@ﬂrea with
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In mpmdmwﬁdumwlaymmpb@méd by ¥k Q%m@afgﬁ{% g?éu%
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én%tleg |a% Lo 9ar§EIP$ e pohaar binder, to f@enyondmpmveﬂtgﬂt
i gi‘hlmﬁnﬁslsﬁ& BinolrgiRds ALhAH iAo RS SRRL L PL ™

an actiyve display havin of "em &
pi XEJRectiyefight W@Fequﬁ@dyms A@damgtyémheamaumg line pettem

s uleanh %elfornRld !
| ow cost0 hi Sﬁ% eﬁStOh%Sﬁ?‘?ﬁ ouS rgﬁfﬁiﬁ ?Tgmsuggratt
f albF ?‘é‘é?’ﬁ@ﬁelﬁ%‘t%dawa@mh phyesistime diom a p’dveer supply source to each

s e 94 WD 2005/ 099310
PCTPRESANG Reniborfiibiol AMBRE T ozl r‘%ﬁ’?‘f“?%e syripcend theg
de #legBically ¢anghetivepatiera compuend reectivef ad iy biging grid for
el ot her. el.ectronic deV|ces

TheTEeh i il i B U PR Sahus  formng
t raﬁSﬁPéQVor s, diodes, and any other seni conduct or

el ement havi ng a top and bottom el ectrode format.
O her electronic elenents can be provided in

coffigtme By dmmransmam&tméthomﬁ nRARhaMak eﬁﬁulﬁ%ﬂ%@l@@

f 1§ bl | ect t
rieNE et g R i ﬁ?%hrwgm?wég@%éQr%é’raﬁﬂn&éiiiryxgu@hmas

s hBQB subcpmeixaccpnpbsedi bhgdiRidublot £y Eﬁef)l A nbgﬁl&{/ %t display,

an electrica
ﬁ'tgﬁ %% 3??’% rﬁagﬂpg]% f‘gﬁli gttt gdeppndingon the pensutiveilead
pr pntnaﬂe dnd drivagescBIme NElgave 88888 Lrof W ctional view of an embodiment

of the inventive light sheet configured as a full-color display pixel.

In accordance with the present invention, a method is provided for making an
electronically active sheet. The electronically active sheet has a very thin and
highly flexible form factor, and can be used to form an active display having a
plurality of emissive pixels. Each pixel includes red, green and blue subpixel
elements. It can be manufactured using the low cost, high yield continuous roll-

to-roll fabrication method described herein. The electronically active sheet can

94



sem conductor elenent is fixed to the adhesive. Each

sem conduct or elenent has a top conductor and a
whedsom3ctonductor. In the case of a display deRCTES200$/010051

mul ti- colored device, LED dice that are capabl e of

being driven to emt different colors (e.g., RGE) can

be applied to the adhesive (stages 4-5), thus form ng

separately addressabl e sub-pixel elenents of a

c onals6 18 dsedifo P hdling A libMiheSéRRE, Al cBit-toSeneidly Aéiise d ARAKIeNT
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strate so one e top con or an
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E gﬁggﬁ hrg ag?r u%glﬁa{te séaf%e gg ﬁrait < lllgl?lg%p tg ﬁgtn?a%y corr;ﬁuctlve lines on
aut dredtomoml shbst‘mte)(sgigb 2).ntAm adhebiveds pifosidaed (btaga 3) and at least one

| ect ti ith the el ectri |
b o AN S0 Btk B SRt gy
I nvansp condeacr hel Aisdtbni cordakio. Clattee eisd & andispldyadevios, @r multi-

em Ssj v i.S Si roll ol | fabrlcatl‘ )
ot Folated deutR i e i afc Zap o Poingsp it Gfernt colors
el egégl }wBbT %an b@aﬁpﬁw Wetha eRSivy GtageHABY, |ﬂ%ﬁ&’oﬁnﬂi‘g)§el pahiely
mat er | a e sfe act vatln rses a yl ng
heatddfRRFabIH Rpsx9 @%@ PREIledBes) o o bstie 1

pr e@scwﬁcfédua@vx ?Gn blamueag/lc@ﬁddcﬁvéspit{eﬁmlsﬂa@emwa{ (stage 6).

mat eri al east one’ of heat and gressure are

pr o8 é@heﬁiy/e Wlt@r@m%n@@t%ﬂl?w {ixed thareigdnivsqripd befipen

be gRIERRERAIS Qoﬂdlilétive%ffhéé%ﬂ e éléct&ﬁ@édnﬁﬁ&v@baﬁe%@%tfonn
one of solvent action (e. i cone adhesi ve),

cat allamipgtione Fdeiadhespe ISgactwéigbésgﬂga Aitorhadithe fop sabiirate to the
r adi 'b@&élﬂ Qubsfritel s09hdt Sndof E% Cééh 161 408 %%&o@%ﬁ&ﬁicﬁo?)of the

The |ght active senlcon el enents can
em seigepdyriot eledient is a@thmascalls brmlghtdnﬂowné oramigiged an elyctncal

g\é?:célgﬁhﬁlc;t{omﬁb %ﬁ%{dﬁiyoéonﬁ@éﬁgg Eétf‘e?n ofmgtob's%ttrate and so

that the other of the top conductor and the bottom conductor of each

semiconductor element is automatically brought into and maintained in electrical
communication with the electrically conductive surface of the bottom substrate.
Thus, the invention can be used to fabricate a thin, flexible, emissive display using

roll-to-roll fabrication methods.

As shown, in a preferred embodiment, the electrically insulative adhesive

comprises a hotmelt material. The step of activating corhpn'ses applying heat and
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sem conductor el enents may alternatively or
additionally be |ight-to-energy devices, such as
w@oioandwsed | devi ces. To make white |ight, a fiP&L/US2005/010051
portion of the light active sem conductor elenents
emt a first wavel ength of radiation and second
portion of the |ight active sem conductor el enents
emt a second wavelength of radiation, Alternatively,
y el Argsanietey e lapinationydg softe thg kotmely mafegial | Atjsast eng of the, éeat
LEQyfipfest@t afdSr¥id 1aends  RiSRSTvel @RAhdsRRSndybe
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conmponents of an enbodi ment of the inventive |ight
sheet configured as a full-color display. The

el eBterligbtactiye semdcdnduétorelerointssian e bight deittingldiadesti¢ such as is
shegt .. rial . .Su t . ' I .[ O 7] .

Ao d SRR Ty BB At Ghie O AR R B arive

c arselmgcongucteretdnstitbenhyi atbmatively dratidiibmallythedighbtof-areesyt he

step of inserti.n .adhesi v neet . pbe en_t he .
ot P SO KRRl s it ig RS Pt S0 Bapto e e teht
t heactigeeseimianduadosemiens andisa frsbedwidgidf df-rhdingorsamdtsbaind
mul tiple eddi lines can _.suppl roll-to-rpll
R e Fe et o e &P o BB ol o PaveRpet of
ac triadﬁetic;]rs eﬂ'teimmﬁdely,tyenove ligmﬁﬂﬁtﬁ'ng: BED ldée fund biaéllightleaxltias
in._t ot t sheet. As shown. in stages, 4-6, of, .
1 1S ot ol By, e B it meP e mecPoRiart g ¢ catg dsgr ey isishy
el eppefsical Deffdsky cad bd REThid0withiP tHd adthédive, Qibstrh@dér as a
active sem conductor elements.on a 96 WD 2005/ 099310
pcﬁoeﬁmgt}l@&tgvésaws s Sreadhesisrie Freats; qapprgrniigrm sloxdng
prigatfede €l ectrostatic drum and transferring the
predeterm ned pattern onto the insul ative adhesive.
Figure 90 is an expl oded view show ng the nmain

COMNGhirt 89 R anGRPRABELNES sRSwiAdlthe %’fﬂﬁpwngﬁﬁkntq,fonipﬁﬁenlts of an

inventive |light sheet configured as an egress EXIT
si gboiment Al eera%l,veﬂla@_smeg renfigured pe pgulticeler Aiselag afhe
be QiR Afulfie 86806 CH BethRbhk §1eb: nileline byl ne

or in-line prior to the hotnelt sheet being inserted
betaxeitable fiem Bemis Associates. The light active sermiconductor elements can be

pre-embedded into the hotmelt sheet before the step of inserting the adhesive
sheet between the substrates. In this way, the hotmelt sheet can have the
semiconductor devices embedded off-line so that multiple embedding lines can
supply a roll-to-roll fabrication line. A predetermined pattern of the light active
semiconductor elements can be formed embedded in the hotmelt sheet. As shown
m stages 4-6 of Figure 87, the predetermined pattern can be formed by

electrostatically attracting a plurality of light active semiconductor elements on a
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substrates. Color Iight can be provided by including
LED capabl e of emtting different wavel engths of

WO p@hon993kor exanple, a red emtting LED conbi necir/vws10ns/@10051
yellow emtting LED when driven together and | ocated
near each other will be perceived by the human eye as
generating an orange light. Wiite |[ight can be
generated by conbining yell ow and bl ue LED di ce, or
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al so enpl oyed 1n addition to the ot I nventive
netﬁdﬁ@aﬁﬁd device architectures descrlbed herein to
connect other electronic conponents and form nore
conpl ex device sheets. Figure 91 is a cross sectiona
vie@n@ﬁlahbmhéppﬂthd@WﬁmhMﬁ@ﬂlﬂheqpbbséﬂhﬁﬁnyéﬁkﬁmn

ut i ns esi,\v.e e d
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| S mﬂang)LEDeﬂlen‘dne&n togetidn end‘rmcafted:ms tach oérdr will be perceived
ur e

onent s t he enbodi ment shown_i.n Ei
0 oby Rieyag oxd R REE AN obing DD Wi gl generated by
enbmlnnd bimiite yellow el iueEEDtdice] cvredt gfr@slﬁ agﬂ bl Z:}ldﬂg ﬁph&gﬁghor
conduct i esjve ta e-faced .inpsul ative

SR BouaeD Tibe RrkaBes Biietoton et SARAERY 2

bot ﬁaﬁiﬁtﬂ)ﬁr&ﬂmioh\beaﬁfﬂﬂ%v&@lgﬂﬁ(@% Pluey fbhirte hgmgluﬁ-@ 94
is an . | oded vi ew of _t mai n_constj tuent
co rﬁ?&’ﬂ‘éﬁ‘l °5f clementdfgo &PPéﬁ?) tQ Gt Pf aspepgidavayslength (e.g.,
Fi gysiRwd5 il lustrates an inventive nmethod for

manufacturing a |light active sheet using a
roll-to-roll fabrication process and utilizing a

douRIBragEethb B3l AbViVarBtieBR Y Carl B PAnkom

conductive adhesive tape structure. ure
components such as doubsided electrically conductlve tape or conductive
adhesive to connect the LED die or semiconductor devices. These elements can
also be employed in addition to the other inventive methods and device
architectures described herein to connect other electronic components and form
more complex device sheets. Figure 91 is a cross sectional view of another
embodiment of the present invention utilizing a double-faced insulative adhesive
tape and a bottom conductive adhesive tape structure. Figure 92 is an exploded
view of the main constituent components of the embodiment shown in Figure 91.
Figure 93 is a cross sectional view of another embodiment of -the present

invention utilizing a top conductive adhesive tape, double-faced insulative
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96 is a cross sectional view of another enbodi nent of

the present invention wutilizing an insulative hotnelt
wabwsnosmnad a bottom conductive adhesive tape PCT/US2005/010051

structure. Figure 97 is an expl oded view of the main

constituent conponents of the enbodi nent shown in

Figure 96. Figure 98 is a cross sectional view of

anot her enbodi nent of the present invention utilizing

an adbssivatpe/ad adoremtcon AR aligsie thpd sﬁ’@@tﬁl@mFlgure 94 is an

conduggige ho%gglt adhesi ve structure, gure 99 is an

expl SHEg" VTR g cons H‘e%‘f?é‘fﬂopﬁgﬁ?f@%ﬁ‘ﬁm?@ shgwn in

t heFigtieod] Fipate Shillidhraiel anfih@Htive B&hodTod WaRuhO8ring a hght
es an inventjve nmethod for nanufacturlng

illustr
| i giftve %@?ﬁ“&'é‘géﬁ?ékfo'% I Arigatipp process apdpiilizingts davhle-foped
pr o sive Aghebivé tabd hllith Bo @R oINS ddUSsiv Qﬁbe%?u\ﬁ%ré Fbure

dou e-faced insulative adhesive tape an
icER8s sesitnakyiow of apetherianthodimant ofthg present Oweiitiona

C f Otflizng Gh hﬁﬁl@(’ive‘hbﬁﬁ\élt%ﬁe%ﬁ RottoRTBIRGLTEE th%&v‘%]ﬁg

present invention utilizing a top conductive ad

t ap¥ructugRy figuse Phisad exmededivievef dheain venstitipet campomnts of
bgtﬂmé’ Qﬁaﬁ&ﬁ"ﬂé&ﬁ%ﬁoﬁ% dtﬁ‘i” JRS b? aﬂ%ﬁ?‘é ;s a2hdsk ?ecﬁo%al Ylew% re

IS an ex view o mal N cons n
co n@@t@émr@,bodfmem bisthe piosetitrimventiohailizing an Ewglan& Hofrhelt

Fi g &ivkQRd | h? @tﬁﬁ E&ﬁiﬁc‘rﬁ%‘:ﬁdt&gﬁ actlﬁ/elglﬁgv at?t{cltlfr%l ﬁ]&u]g 9t901§an

enbodi nent o resent 1 nven
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o1 SlReshB i Bl it EatvE adiive Tagd a6L A Bottars énridughive
ut |aldhesma gape strti)quxre C BiaiteC O Vie aedre Sdcvibndl #1265 of another
douglbgflf acte%&l;E nsul at.i ve _adhesive tape and a bottom

con RIFsentipyratiop gt %"I‘%%f%r“@nd‘ﬁ%j% adhesipptape,
: an donpik-dated indulative@tihdsve tapPdnd A 8HdH dod@iktive ARRASHhSive

ﬁB e Odl t sho n Figure 101. Figure 103 1s
%gr tgp{e IlS # "é‘m] At piche Bmsansisrant efmpanents of
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adhesj ve, guble faced insul ative adhesive tape
206878 sPedipeny efdiuneent pusntionaiilizing b tsptaontustivelbattrielte

hotagmgive, RADIBFAEE ishibiVe MMHRsivElaBS iRl 288 oks cRuSHR hoRSS:

adhesive structure. Figure 104 is an exploded view of the main constituent

components of the embodiment shown in Figure 103. Figure 101 is a cross
sectional view of another embodimment of the present invention utilizing a top
conductive adhesive tape, double-faced insulative adhesive tape and a bottom
conductive hotmelt adhesive structure. Figure 102 is an exploded view of the
main constituent components of the embodiment shown in Figure 101. Figure
103 is a cross sectional view of another embodiment of the present invention

utilizing a top conductive hotmelt adhesive, double-faced insulative adhesive tape
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view of the main constituent conponents of the
enbodi nent shown in Figure 103. Figure 105

WO Rdoaseasat es an i nventive nmethod for manuf act uPCHYSA05/010051
light active sheet wusing a roll-to-roll fabrication
process, wherein a conductive coating is fornmed on
the top and bottom substrate using slot-die coating
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wi tlih agriotdapeeotvitlathe PNt s ention, aaﬁgﬁr@ﬁﬂpﬁllewst({wﬁh@g_tdgg@ a
aspegt > esent invention, a.two-colaor lightin
pa e? ?fgi%l? Ig@gegféyaa’%e%iwe%’s el5r ol fleribe é‘°9\ﬂ?d°f‘lée subsHates. oFhe
gemencdd are !e}lrttunt 'te!}dtg}16¢eiglﬁﬂﬂexilyle,g?hg-g$6d (ﬁ@G,Q(Zo ml FBREd 8 the
co .. Sitwatjon.or as vision aid. In an
oo iER b Ahd R fadionst ot tan o cresicssish ghe s are so
colngged dnat they bér RohaAMedt of At with6u rd FEB6 thoht i
sw’kt.éﬂ]ed. T%g; fegtures of the i ntvf%%eﬁe??hnhiﬁilag’gﬁ% light is
sy t qnﬂcql_ g.at Jow W%oanérqomnaghlpm phajpenitaic souenek.yin
di fdcomiansoWith anb@éreadpledhof 1 bRk GARE, FHWETESo? ehting
panel is provided, having, for example white light for general illumination, and

red-light for a command and control situation or as a night vision aid. In an

embodiment of the present invention, to change the color, only the polarity of the
electrical source is switched.

The features of the inventive lighting system include:

1. Low power, highly efficient, evenly diffuse solid state lighting that can be
dimmed
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WO 2005/ 099310 PCT/ US2005/ 010051 2. Single- or
two-color illumnation 3. Easily repaired, anenable to
wo owswei3t@ge battery, direct photovoltaic SouPCEUS2005/010051
chargi ng system 4. Rugged, flexible, thin Iight sheet
and fixture format - unbreakable 5. Unique
sol i d-state technol ogy robust agai nst shock and
vibration 6. Low cost at high vol une when
manuf act singld drofwo=-dotoriBirhindted | Nnventive devi ce
structure nbeds LED di %e ghi ps) between two )
conduct i ¥y |1gRalied, amenable;ig Igparoliee Wpaigety,i direct photovoltaic

transparw&}ceol:gqar?ﬁfgagy%ﬁ Indium Tin Oxide (I TO
- coat ed ﬁol y& et hyl ene terephthal ate) (PET) has been
S5

succedsf Rrgepd. dlesigle; thin liphpihsehapd figeie foamat Tenbresichide
bst rsat @p; . : ' . |
subst rsa @mﬁ@éﬁoﬁd-@ia%qe@lﬁolb%}&)rggi-{ia%&r{s; é,?fon% é’gh gib?%tlolneve

of conductivity (and brig
r ef | et i LW cosbtdngh volumepwhenfiagnufagtuesd irpilHtotrgll and
toughness, or a netal foil. The transparent el ectrode

canThd fRedtidy Gevice siub@rddite8d DEDTdiqQREPS) bMtRedd¥vo conductive
printed on it to even out the current to the

i ndlayereyphfeast e of Whichisrtergenagant. aF ercrample adism TingdridngTO)
Or  P@ate@’ PEY(elilend éﬂe*ﬁﬂﬁ?ﬁeﬁR@ﬁTﬁ% g;pene& -e';p?caergl\ﬂ@mu'sé/de in

structure iS5 fabricated fromprepare

ac cHiottYRg dewicashEhe qtharshlstrmigrcovld ajso be BE©/RISE or fobe digher level
her gt Ry - Rar M od| - Of e

pr esent?flihﬁ{/e ;‘(?‘({)dggﬁ '%eer%r%@ U?lgig ? lfm?i *h %cfﬁ%r%%‘éé;sns}et%%ﬁ%r Fggsfor
a silenihility lapdrionghniessnor a matal fodnThecransmaeeritalecpodelcani alsy have a
she Jghtd Lerial . The i nvent v roce o

r eqﬁ'{lerﬂes t hdéc Q%}dglgtg‘,r%a | I%nt%(?&t lk{eg) g 8’% +uto ﬁ%‘if?“ﬁiﬁ fhe individual
adhdies inea regulamakey forleven lipeing, acpdttemed afpera digmagd Bgplication.
fin lnation.. .o acco ce with, enpodj nent s. of

t he T, IS8 lrflhe! 5 A ERLRTRET aohs SRR eording to the

ac cmaatfelyringrpresets ddsérébel Horeth. B 40dbidancd Qiithtah@mbodiment of
e layer.. | age themin the ri.gh

adhgsi v and .ght place. The
" v B YO PSP dhe, AR 5o cis A REE Ao S e lapggion
be thattcanbstiep farpehring shéet Bghting hatefliice are orient ed

and placed accurately on a tacky adhesive to hold them

and pl aced i |
<1 | TRUBSE Rt il B oo B F Bolt BBt mes atiegie o

mel maled hdwituseli activarlagd fod tho fihgnlami@dtonC K It hictdi@arib Geith
The te

from.the t te, npl at e. may be reused. A .
AR PR e Bl EECmEHTdsGRS PV odguraily oren
the LED dice (dies) for the adhesive layer, and place them in the right place. The

inventive fabrication of the hot-melt active layer may be a two-step process. First

D

the dice are oriented and placed accurately on a tacky adhesive to hold them in
Place in a pattern of holes formed in a silicone-coated release layer template. Then
the hot melt adhesive is warmed to soften and pick up the dice from the template.
The template may be reused. A manual orientation and placement of the die may

be used, or to increase the economic benefits of this inexpensive solid-state light
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be used, or to increase the econom c benefits of this
i nexpensi ve solid-state [ight 100 WO 2005/099310
wWERSBBO05/ 010051 source, one of the fol |l ow PQI/US2005/010051
i nventive placenment nethods, or others, may be
enpl oyed. Pick and Pl ace Method. The current nethod
for placing dice on printed circuit boards, or for
fabricating individual LED | anps involves robotics
ori girad, i a8 dindle fOlRGRITRNENtMS iph@emiBrit TthéiBodé] TrUthers, may be
Convent i onal pi ck and place equi pnent can be adapte
f or ®MRBY#l acenent of dice on a continuous hot mel t
sheet web. Figure 112 shows a first step of an
i nventive adhesive transfer nethod for fixing
s emPeénhdcRloce Mleﬂn@ﬁﬂm anent @methadl ft&qilaomgtma@ Sﬁqmnted circuit
subst redete attern.is
F or Dt fp ke g Vihd LR REBA QUGLE: RERLREpEE Hoprand
ﬁ r ﬁlaaémetﬂe EMH% ma&rmd fisiln. a@ﬁiﬁ&i{i?galt;ﬁckaaﬂdqﬂﬁd é’(ﬁh%{ment can be
[ rt adhesi ve. Figure oWs secopd step
ot  pioaeibeme plocemett e bn s condons havRls hact mep, x; ng
sen1conductor el ements onto the adhesive transfer

substrate. gure 114 shows a, third step of t
v Bl 2&6%%% 1t enapfep arvenivepdhesive Ffa‘fSFe)EFH@thOd for fixing

SensGRBSHIBERF clerBbRGS fn mes@vettrhﬁsﬁdﬁ%&favee Mtﬁia Sh&! the

substrate. Electrostatic Transfer

el eBiedesmainedpageinny forged it travefering ﬂbfesewewdqvéor demeni from
and afi’él?tﬁz%lytlmer%cﬁ%dﬁgglvg Ba &Q&W&? ghéi‘ dhe %&ﬁ’ Kive! 'Fl%d?é $13

approach in effect di ce t oner
| owshoss sgeand steq @f/thé @W aféheiswe gansfer aﬂe@@ﬁtfph fisiog web

Of E&ﬁc&%ctﬁ?él&m&@“&ﬁé e adh%ﬁ% R d&ﬁ‘é‘c@ g?%ﬁ’ﬂﬂi oS a

ectrostatic attraction
u s e thirdrstep| of theriayenigne) adhdsive Itransfey lmthceirtbr firtvag skimsigondEictpur e

120 e fhefts oI RN AERGH Al N0 @ LED di e

el ectros y attr to a charged needle.
Figure 121 is a photograph denonstrating three LED

dIC tat.Ci ttract to .a ch eed|
SISO ok Rb bRl b e EMAE SR WRefto

d amaged aahplaczahd diceien the hatpesttaidresivAninahis agprohcls haafmdthe

whi skegs can, be used. to el ec ick up and pl ac

{ he TE SR g Bt 17 e sk oS e Birion R cflimpisiss

sus bf thahet meltwdhgdivac applithnts Bave ldemagstraed theeld ofroSRAE Skaction

arra by sel ective . . . . .
0%/ the glrce aXd have used an elegtrostatlc field to orient the dice. Figure 120 is a

photograph demonstrating a LED die electrostatically attracted to a charged
needle. Figure 121 is a photograph demonstrating three LED dice electrostatcially
attracted to a charged needle. As long as current doesn’t flow, the LEDs are not
damaged and continue to operate. An array of charged whiskers can be used to
selectively pick up and place the semiconductor elements on an adhesive transfer
susbtrate. The placement can be as an evenly spaced array, or by selectively
charging the whiskers, a pattern of semiconductor elements can be formed.

Figure 115 shows a first step of an electrostatic attraction fransfer method for
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chargi ng the whiskers, a pattern of sem conductor

el ements can be forned. Figure 115 shows a first step
wo@Rooan9slect rostatic attracti on transfer methoPICT/082005/010051

101 WO 2005/ 099310 PCT/ US2005/ 010051 fi xi ng

sem conductor el enents onto an adhesive transfer

substrate. Figure 116 shows a second step of the

el ectrostatic attraction transfer nethod for fixing

semgeRBdsaicMduBloPaERALTEs QIS th &ﬁﬁmﬁtﬁéﬂgt 5 s‘ﬁ?ﬂz fF‘Féme 116

substrate. Figure 117 shows a
el eéhavsst sgeand sipptof Betelegirostatia atifagtiontemsfe me(ﬂrodffpkﬁmgg

se f
ubsy T paibflf acHeRib Bealhdivt B dRN e JiHRATY showsa
el edtirdotepatfithe dactrosiaticiatractionsinabfer matboh cfdr fixing éarmccmguctor
sem, e t e ad h e gl

s Shl L ATRY Rt Ryl FUF LY SO Rt g of
ena !:he@l ec@estaicaiuracmmmsibnmb(hocp fom mnhg fsmaoaduct@feémmmto

bl h |
ac g uratery cplac eeS ira%r M“Afﬂé%eg?sé%torr 8?3’85 rri‘f‘rggﬁ\f‘g‘%ii’l aofe”
ill sraferaatcﬂsrs anbeé pimdlﬁmted mh@ﬁﬂ bitie (RIB) gyritiesis @€ whit€light

I f t t ht h t [
ol LEPPre iRy HRess w?a%eehq =Sori enting and

patterning LED dice on a hot nmel t sheet In order to
wite th into.a hot t arra the dice are
Ui § bﬂé usfrEfet A AEEPUYSy ripe dhogerrs lawgregfsthe
of inventve OBES SactiVe sheb) uem ran@fe@tros%a Netieim CHRaS L yMbrh hfor

a posltlve +) charge. The laser wites a negative.
@ﬁ‘se ?ff?ﬂ}‘%'g'f'@l ige\nd afhqimelhieet  dnerderto wtte the dice
PO S hﬁ& & ihBE me® Birky kheQicel 6 uscdSR rtorlé’r '11{15 Riser Blintd!) The analogous
devel oper roll is negatlvely cha a d)to attract the
&P

pos FepsRfithe pressyae LED tgnd drum i Jvith a/pesitivelih) detse.
di c QLTﬁeaﬁs?efr rites! a(hegii‘irv@ im5d3h 'ﬂYeeﬂ Qﬂftﬂ%%f&m%’d&ethe PCL or

bl ac regi ons of the transfer

nor Bosﬁﬁcgm gpnﬁelg@ﬁ the, tapsy peinker. o b &revqlmﬂer rgl fresiggiévely charged
acCgPlifadi iR ;gisﬁﬁel{f EIRRRel %D Ehc@rh?fﬁé 8@%&%&2 Qﬂeﬁge?d dibe gansfer

passes, the ‘detac” corona stri

| n t magst negafively qhareedréiwntauhek::’l) vegions of othe émesfelsdnughtSD yThe
to I % r

2 SRR 355 o sy Yo g gom
al t ganséer idvien and as i passieh] thealetat oprooh siripiregot éwethel elebo |r6<)e in a

el T B RRAS sl BBl G108 BTG

active array of dice in the hot melt is re-rolled at the end .

As an alternative, or in addition to, charging the developer roll, it may be coated
with a sulfide-based material like cadmium sulfide or something more benign like
iron sulfide. Organic sulfides might also be used, or even vulcanized rubber. Gold
attracts to sulfide better than most anything else, so thiere might be a preference
for the gold electrode side of the dice to prefer the sulfide-coated developer roller.
In Step 3 above, the attraction of gold to sulfur may be used instead of, or in
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iron sulfide. Organic sulfides mght also be used, or
even vul cani zed rubber. Gold attracts to sulfide

whedsmee9sthan nost anything el se, so there nm ghPChESH05/010051
preference for the gold electrode side of the dice to
prefer the sulfide-coated devel oper roller. In Step 3
above, the attraction of gold to sulfur nay be used
instead of, or in 102 WD 2005/099310

PCT hd.dﬁﬁ@ﬁﬁl i @RbGostatideliot dligh tHeXicd, Red BbEak rcﬁélg%tdn‘%ﬁe teShster
al i ?oq gtdl ce a{]\ddhhen t he char e on the transfer

r ol P §Otit the gfics preordingeto A dRsired Rgta Kheldise raeaithen
pat beenmed Witethdigold cidctodd'BBing Wvidd 1 .
el ectrode faci r% tov(\:/a?d thegdevel g%gire%%&r}@%ﬂ %hﬁhght

i gRpe I?CFPi‘Fg rignisd tpwards dei t@ﬁsféﬂdmmmératm@rred to the hot
t r amgkt @dhesif41581d bIBEDH db haRdoRn'vifh tﬁé)tr&]gﬁargﬁtelefﬂgdé faging up.

adhesi ve gol d el ectrode base nspar
el ectrode facing up, The inmage to be printed can be

W | TReinA2B tAbE PIFTET SinBe! WritBhdn! a?%bﬁnér?ﬁl avgﬁaﬂfz :‘?Qfgr printer.

Flrst the transfer drumis cove a pos
chaligé theriraasfer. drampi 6o veseshwith  wesitivir dnange sThenithe @hotogensitive

(" Wiruheis Rl ek r r the,contro
the | aslgr. pr |0)r}t gnrg? hglgklt)r%\gﬁls Fag a TS e e 8?’“9‘:‘#0@3 laser
PoSRTEE epgite, tfmﬁ?ﬁmlmmmlterﬂ’@ﬂ aPesteript canmamis Bo e lawiiﬂnhrror

to active |
o B Volldd B IFe AT B RS o
t hd8ecaneeb gl posdiveichirge frethiosd erss and with theintedSRY of the laser,

co neutra

nezy]ea{\)tﬁ ?é\/rlglt%gc Sﬁegﬂalprgm%ge 1 at'#@”l%r@f“@?‘?m&ﬂgﬁﬁn thgjteanster
i s driva. Hls Imlhe mwpedapeationdf théRsdr pagter. Pri nter. The

di e-printing operation utilizes a relatively |ow
resolution electrostatic laser "printer" with roughly

0. 02" dig-pfinting" opdtaﬁ&n fu€iled Gi REitiVENE 1046 Y&blution @'Iectrostatlc laser
AI tc rnat,,l vely, can be fabri cat ed having a

SN 5?‘! ct |Q/1§” & 8der odice Teplaging cthnec assval ttorer.
de\mteﬁmﬁvely,otliee dicanemObet RBricidiMaAng B8 AR Eéll;v attractive
ig&s andnﬁ n@o a optomag netlc coatln
pat dondp WaiGh asen the rfé@j@?ﬁ’@é(’]éﬁf efd/opytlet dl'em bgn bchmagneuc
| aSﬁtenSdﬁmH 1eay' @%W@oﬁblﬁ&‘gn@ﬁ(ﬁ&;aﬁﬁkefor egfx er roller.

To i nmpl enent this cleanl e ch arggm ce between
the source and destination is adjusted so that the

tr Onsf @e hadelive BreAS Syrifel UbAlR) Yas@rng)oui:do TRLSE Sl from the

wi thout disturbing the di€ orienta
developer roller. To implement this cleanly, the charge balance between the
source and destination is adjusted so that the transfer takes place accurately and

completely without disturbing the die orientation.

The hot melt adhesive sheet (still solid) receives a negative charges and attracts the

dice from the weaker-charged transfer drum, A so-called “detac corona” removes

the charge from the hot melt sheet,
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The hot nelt adhesive sheet (still solid) receives a

negati ve charge and attracts the dice fromthe
woe@govIdthar ged transfer drum A so-call ed " dePErUS2005/010051

corona"” renoves the charge fromthe hot nelt sheet.

103 WD 2005/ 099310 PCT/ US2005/ 010051 The next step is

simlar to the fuser step in the comercial |aser

printer process except it is the substrate and not

t he The next stepas siviilat tosihib t@8r stdh @ @5 @ i
S35 8 6504 5L B proces

elt softening tenperature, J
of gﬁgﬁ%lﬂggﬁge VIRRHRY %‘{d?n"é therfoper ihgt willspfiery (The progoer ablectivh of
t hethelhoymeln seftaningderthorfitile, S arCRillsHAE ' the
the s rate. Rapid CE)CS)I i ngéﬁmﬂgﬁdsgﬁeﬁqﬂa%e and

dic t ups

str gagen‘? fﬁ’&?“’ﬂé’r ﬁﬁ Qgﬂ‘PéPO‘@c%‘F 11594 te gaé an gpiBum adlesidhef the dice
r estol the Bgbsaatel Repitl 2%6lindRHE a0 TairNBLaT Bl @dhesive with

i rrbegdec[l g,'hcekiggl, ta:)r?en rol | ggahrgﬂyen a a&obr?tlfs %?ég, cooling the
pr ot e, o The resulbing agfivej laver wiade af hethmelt adhekive siigh iBedded

|'s diccis @A rélRA AN A botinB¥h byeRid we, encapsyl at ed
sem conduct or gevi ce V\hersgyifr%&%hg&\s{aec%dc%ﬁ'&‘ﬁ?ﬁwﬁlﬁeﬂ&
el nts_are npn-type devices, with an addressable

i ddPEe 323 1\eross ppctionad vieddfias imverive sricapdtddosRbshicdld®btor

of deRick ANERIItNES sem conduct or device
wherein t he semeggﬁgglgctﬁ%yr@%fegtﬁeaﬁ%@n% Cf?&‘fgs’ ¥ fHean

deAddisssablgimiddle n-lasetlr BigsrabiR® ist axposs seotivil viel  Eiinventive
1244801l : L.onal, view of an inventive

enc aﬁ%"ﬂ‘?‘?te dgs ' g%?gégﬁéé' %F P ORTeE B ?BB’&‘FOP’SUW&@FW% Are(DpDy
di dype depiees; with e addoessabietop sitlaer. aFigurs QDAL 'cfo & Bctional

CORQRE i ctroni.c.circuit formng a pixe
for a %f%gp Vgl)ll ée\ﬁ/{zag’él}latﬁ?&’d’rl‘? CSHPHS cifcyitawharein en LED die,

s e @R tpnsistoy] resistof andreondlctoss £8ChnBt& intah SlebMNRN ¥ S
en@%g.éﬁgﬁaﬁig‘? (greavc'i.ci eJ ectronic circuit shown in Figure
124(a) .~ 1n & display deyie, 1gured p4bliste ceasmerstiomal e of an
as alssndiivant b avtitive @hcap AOROE G RlcARHi il SRR in Figure
el g IE‘%S COﬂI&?CtI ng the LED el enent to groun
thr%ﬁgﬁ he HiEh " neraceng Fondugltaparts as bptuaneletaidtat) is a
Cr oumedtdn hihda fdsisior 8Meht foPRRh&Bhe @b L BB NAPCh! hﬁ

[ n&gt' e encapsul ated devi ce electronic Cirfcurt Ehown
in u&h:ﬁbe

DpB jraagistor slemant. SFigure d 24(g) is avross $eotioral efewnéf | S

pr ancitlete alterdritigel s £hd Ve | : Lonal. view of
ter ’%{ (i ve of %ﬁé&]i)vﬁ\élzcr? |%%Jdg%21§%§1§%tg¥u KA Sg%vm

grié‘?f%‘ﬁ v 1 fhis case, dwRPactiorrelementis pRA{dRY.. Figoré DR4(d) is a

Cag®ss stRndIRACH LB EMSTBRF tﬂeslnventive encapsulated de-vice
electronic circuit shown in Figure 124(a). In this case, the capacitor eslement is
energized in response to a signal received by another circuit element, such as a

flip-flop or the like (shown schematically connected). These variations are only

=

intended to be examples, more and less complex circuits can be formed in

accordance with the present invention. Other semiconductor and well-known
electronic circuit elements can be included within the system.
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energi zed in response to a signal received by another
circuit elenent, such as a flip-flop or the like

w@ sivemp3schemat i cal |y connected). These vari at PORESANF010051
only intended to be exanples, nore and | ess conpl ex
circuits can be fornmed in accordance with the present
i nvention. O her sem conductor and well -known
electronic circuit elenments can be included within the

sys Figme 1254s Mﬂr&ﬂ@ﬁdg%ﬁlﬂ:ﬂraﬁ@' &U@@@Q%&%@QQJ&O\% iEure
125 245( IrC&I% di a ram(lﬁllustratln t he sub-
ci 1 GO # 18 @ Chtp geciangy yigy of ppiygl fiom 219 m@navmdm@

s ecdemmaihe w:«elrmdﬁdea 1, YRbn MBI SRbLINE B d eingi eﬁpdp%al lens
devi,ce theeﬁ ﬁ‘f’ |ncI udes red, green an

s ubSIESH forgy topbsfiaten ftigwal 27 is a8 explddenbviswiod teed

| N inkentive pncapiusiddabMicofdudior @ aded; vi
ve tt’glalve enczfo u at ee‘;%eem %“%gﬁg{f \?heeEFayer

shoéﬁtW‘éend eibetmgl adicas laysiyer  bet ween i nsul ati ve

hot nel t adhesive layers. In accordance w th anot her

asgﬁct of the,tEresent i nvention, as shown in Figure
poeordapee piih gepties aine@f\ﬂfﬁ@d?résent imekifiong asesthown in Figure

o o7 BRI (OB el A Bcondiafi st biond ﬁ?t%r%@ce
X batten ﬁwtrafaysarromecﬁnawg de ellecmcamy eomluefiN-& k@@icky An
co LRI m ern of
s em%gﬁ‘}gggeg# emsn s,the'gléri e )?'e%onalég’t Eé“ Fed ve. The
s erAredsirined Paléﬂrrenfeaamommrlehzmaﬂg afe fixep t(fjﬂ}@l &ﬁeswe The
conduct or

devi
S B efcbAluc Sicthehld EARTR GRS (5 A5t Eiugipiasiska Bbttom device
t hesordistorAA fop wubstate hmvmgSa dondudishe parEM HiS)REdtRGROLL OM
dh I t he sem conduct or
o dablcis kiBed SRS o stbsrite. g dRastyeshyer éwith he
f orsemigomhucton alemeﬁth)&md fd’fe&&p D@8 CTRd lﬁﬁlnlaélod F@L*ghﬂ&?&) that
su

a eto strate. to the bottom strate.

|n%ebddg%5?"ﬁge Scgiraihyg pst s af‘ ind:the gop substertRcto Gthe Zatiom

botsubstratée\m sed o0 BEHASTHIRY to@ﬁe\tl&ecoﬁ@ﬁ@t&%ﬂ&j US’&SE? . QE nts
uctiv

i cal. conmuni cation with t con

pat ?%"u"ﬁg%f’ ﬁéef?lsfaldgﬂ%ql?%né@ laﬁbpletoﬁ@aquunmaudmemﬂupe
devomicRpatieh @F the Wsulﬁﬁatt@éﬂdqw&ﬁﬁ' SFRR4 Ei%{ucg cor%%%gtﬂr

sem onducqsor element is in electrical

bafiomydevice cprdicioy owﬁlasp@vmnéumy@mm ist iceldpichbm
S ub&hmatiCatioh Rvith the electrically conductive layer of the bottom substrate. In

this manner, each semiconductor element is automatically conne-cted to the top

and bottom conductors that are preformed on the top and bottorm substrates.

There is no need for wirebonding, solder, lead wires, or other electrical
connection elements or steps.

In accordance with the present invention, at least one the semicorductor elements
is provided with a middle conductor region between the top conductor and the

bottom conductor. For example, the semiconductor can be an xpn or pnp
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this manner, each sem conductor elenent is

automatically connected to the top and bottom
w@eenwdoueor s that are prefornmed on the top and BPOL/USIU05/010051

substrates. There is no need for w rebondi ng, solder,

| ead wires, or other electrical connection elenents

or steps. In accordance with the present invention, at

| east one the sem conductor elenents is provided with

a mtr%ks?orc qRE W@leQle E2SHREs 2 RlaVRRP efe&lﬁcélﬂ Qﬁﬁ&f&ﬁ%&ﬁon for

and the bottom conductor. For exanple

s eniaking ae eleetriesh ponection mﬁbﬁhwcﬁd}wom@twe% sadstistrmalo

PCT £ 19&?091%5&9;&9 gm?or{eﬁ@ e?%i aHoYe mé[ﬁki%das‘ﬂe&%é NeEstERIRY i ses
'east one electrically conductive portion for

rrak corgluatorse hsloathdr serhicomhinier @lﬁmﬁntw $dme ictherelepdrogic elements

C o n GH Gt avé g8 %Htil b&gqgl'l I:dn(aﬂ T bgﬂ r?tﬂié é é:to oﬂ;&%otm conductor
one L LaR e |nc ude suc esistors an

conﬂutwmndsumnmeouhﬂecgemﬂnbwgwntor elenents. Sone of

the electronic elenments do not have a top and bottom

conductor, but rather have a top of bottom conduct or

t hafThexdnsicaglucint dlerhdngs qan dhel ligatcenﬂwn@ﬂiode die,gu'»r@xther The

sem caonduct or e) enents c t emtti
A e R T
sucTh&scahbarei@tied B, anfelBiratio clﬁqultalﬁndglﬂhe insentiwt hotmelfhey
can, be connec din, a eIecg c CLr ui t throurﬁhth

i nvARpafe dFS"“P%\ At %@I(YP PHUEOTREHY .

Fur 1'efe\,ﬁfemts Eﬁif—‘bd lighhto-cheioly \devicss Suck ﬁlﬁdi@déﬁ leffe@ive fRItbvertp
be I| ht - t o- energy devi ces, such as di odes effective

for$ idpelepgical SBRIBY- ght to el ectrical energy. Figure
129(a) illustrates a nethod for mass producing a
pattern of correctly oriented LED dice fixed to an

adhEguiel 29 dHusates 4mpthpd fof gnassradndige spattemeiegrstiy| o
at t haglkdEED %Qe‘ﬁx@c?to énrbdﬁélivﬁ s&@ﬁ'ﬁte viBLREEahEhIY ¥cattered fielcd

attractive LED dice can fornmed by including nickel

or @mevve@ dice.clathiy ceetm%@tw@@ wrhiective EEDGHoesr be fogmed
Of D fckddlHichel o3 fuhelibaly GifaB Rl xR bh BT 2
se sheet e ale

rele Into each through

, a sin
hol &Edndie.bBthenthe é@&e%ce@e w@ene@ onte relpase sheet, peinglg disdit
of 51{%8 eacmﬁéﬂ }ﬁ)lJ énalbgco%?é"(gr?eﬁt%d due to the attractive force of the

magnetic field sources.

Figure 129(b) illustrates the method shown in Figure 129(a), showing the field
attractive LED dice with some randomly scattered on top of a release sheet and
some oriented and fixed to an adhesive substrate. When the magnetic field

sources are removed, the dice that are on the release layer can be removed by
gravity or air pressure, leaving the adhered and oriented dice in a fixed array
pattern. Figure 129(c) illustrates the method shown in Figure 129(a), showing the
field attractive LED dice left oriented and fixed to the adhesive substsrate.
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Figure 129(b) illustrates the nmethod shown in Figure
129(a), showing the field attractive LED dice with

waeovs/ovsndonl y scattered on top of a rel ease sSPEBUSHNE010051

some oriented and fixed to an adhesive substrate. Wen
the magnetic field sources are renoved, the dice that
are on the rel ease | ayer can be renoved by gravity or
air pressure, |eaving the adhered and oriented dice in
a T ipkRe PIO(ANIlusBEbd £ARtholf ke HiRs drddhsilg 4 %)Attéﬁlt JfAEERdibdexed
met hod shown in Figure 129( %Wﬂshomnn he field
at t fen sdhesivepbaraisuilisig aérSP ract BiRdo¥ selegtiyelygempndng the
adhenle 8ot Gt LR%iR §4t 934Pas that used
Ao ARERRP AR SGAE fp ?guré 30( & (il tut sedana |
f or comrsatiqualomidonduciorpickeand plags mpehmegiscenfigusasdo reneys a
adh

%ﬁlgé gﬁs%%’i fi,8 s Hichlgztéd&gm@ a@ﬁe?&i.‘t Gﬁt R4 shidirate.

sel ec y renoving t ice from vva er dicing tape.
A diFégue Ex¥(byrillesyrates the natfid shawn ndfigure é30(akshawing the

OGNS pASILEARIURLONTS Dol AGRRC AR 1308

di ciilhgtratepibe meﬂxoddﬂmvmimﬁgumﬂ&ﬁ)(a)hhomg dwwmgleslukisﬂt pathe.

Fi 130(.b t t
ek B TR PO S
di e moved rdld?ﬁe a'ﬁihe disp’lacawhsltm at &Iecﬁvegstﬂbwtath@ (1ex)t LED die to be

[ t had, sh F 130
t he PACREPES tedeheie Suirafe the s st § st HmRe Ry
t he 1BIGis bvie &lu;klsdehﬁhqmpﬁhlﬁdngarm thé ddhesihiemibstemcib nimaem@

noved rel the pin to sel ective

oo e et i e gt o R lfg%%@éﬁacsm% Fton. Yiae
adhesois ilkibeass Alabern T ED &t viherde € anl SlhesdéatbsiateRisiag éhe
the next, LED, di.e at the di spl acement pin position,

and meiRod showa infieweb39@ht e is noved so that the LED
die is placed at the next desired LED pl acenent
| ocation. Figure 130(d) illustrates a patfern of LED

di célhaafesizesubstrap thag ﬁ@sbwpglat?étw@tae%elfgwﬁb formed pattern of
et hegh &Ekgvglnéer’ch{ ré E%epl&sa% @iace 8¢ ﬁﬁbﬁf@d \‘lﬁs @Ht@l%trés%ltﬁm

t hus can at ed ectivel y or ned
pat tagiery high chuaﬂmm@@t camqm @ar pﬁ@p@ng ﬂwmya%ab&,q@.‘/amavem@@b

pr Og)?clﬁ iaX@fﬁacIMys S Fl?%ﬁ% 180¢) ﬁﬁlwre{é eﬁgf’i‘re\fﬁfe\{ %bﬁamg the

ment capacl far excee at aval
by dzEﬁ/ém intrihe adlpmdxs@stdatcpl Iéu@ceﬁﬁaryht &&D digapye driven into

130082 adhbditb b @HafeustheR'prRSHE FollePbi Siher HIRGHIL SredsiR source,

This adhesive substrate with the embedded LED dice can then be rolled up to

supply the inventive roll-to-roll fabrication line, or the formation of the LED dice
embedded within the adhesive sheet can be done in line with the lamination stage
of the inventive roll-to-roll fabrication method. Of course, the adhesive sheet
and/or the top and bottom substrates can also be provided as sheets of materials.
Figure 130(f) illustrates the adhesive substrate having the LED dice embedded in
it. Figure 130(g) illustrates the inventive fabrication method wherein the LED
dice embedded in the adhesive substrate are fixed to and electrically connected
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LED dice into the adhesive substrate. |If necessary,
the LED dice are driven into the adhesive substrate

w@2i08gs1pressure roller or other heat and/ or PCEES200%010051

source. This adhesive substrate with the enbedded LED
dice can then be rolled up to supply the inventive
roll-to-roll fabrication line, or the formation of the
LED di ce enbedded within the adhesi ve sheet can be

dongith BodubveWutfhcel BE tdpali BBk A Burdl-H9E Fi%Ire t&@(h) is
inventive roll-to-roll fabrication nethod. cotif'se,
t heSCHEMRL; sids deveef the eqrapleied lighs actiyp sheetimbiotisldonmed in

subgdchbRfaf® Wit thébREnPRvaigy | ded as sheets of
materials. Figure 130??@ i'llustrates the adhesive

substrate having the LED dice enbedded in it. Figure

et e o RN SIS i B SOy 0
sub®hareip an adhesiv¢ subdirato with dmbeédzied LED_adiéheus SOOWRBEESbEA
WO 10051 . t

P e B bl el et Rt Byand b 3 RGss

surfaces on top-
i s embndireend showvnsin Bizurd BM(2) hatifethe esi@bei®strdie BHovac thiMge

she rial formed i .accor.dance with the presen

v TR s cbBIE ot B Mo bttt sheste

[ gvmatjeriial daaﬁik:)gmoxﬂmtﬁw ?mmﬁhﬁﬁmgﬁfié%m dcpm% BhioBith the
a | s r enbedde ice is

o SE PRt e et Y Bt com alors sy i devisa
a reelmakcbaddpdidkai than fleg®WDedids31(b) shows the

enbodi nent shown in Figure 131(a) having the rel ease
substrate renoved. Figure 131(c) shows the conpleted

entRiglirae 3 (ahotviign eribithént f tnb HVentRE libM e SRt material
mater.i al _having a conductive paste fornmed In

el &RYiPg ES?IP‘E%W%\WE% B agheds of pasterned fopedoaduatard &f thé top
t heohddtddis HBd. SadOsH ' f yery.thin
device 9’ e e e ffe M vl

t C

Fi gftessedo Figure I3A(R) showwarsabadiment of the nveritive diphtiavtive
|| Qo AatehiMEnaSi Lakivday £oi] o hot Lom
substrate and ﬁggg Etg!éﬁtéﬁ g&t%gtt“t’eg?})r%sgg P%bu c@@n‘@@é? gy
t h&leglgigal ling permetivg thegegpaciivertoredsctode md lisfiod aletrodd of
seliggy i ' y _addressed. .
P o s R SRR TR ERGH Y o BRIGFR He phowing
| i %WtVaE@'ﬂﬁ loxers efessinvamtiveslighthctivestieaignatersdl sisdvedn Figght
achby@).| Bk §as§,oz£ﬁ&5ﬁ'\%}yl iger;;p\émnsgv% 10 &gagyncan be formed with a

very high pixel packing density due to the stacked construction of the sub-pixels

(RGB) of each pixel.

pl

Figure 133(a) is a side view showing an embodiment of the inventive light active
sheet material having a reverse facing LED dice and a backplane reflector. Figure
133(b) is an isolated view showing an LED die having a top and bottom chip
reflector formed on the LED die for directing emitted light out the sides of the die,
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el ectrical line connecting the respective top

el ectrode and bottom el ectrode of LED dice in
wa@eaposiovidngy stacked |ayers. Figure 132(c) i s anPERpsmd&alioost

view showi ng the various |ayers of the inventive

light active sheet material shown in Figure 132(b).

In this case, an relatively inexpensive LED displ ay

can be formed with a very high pixel packing density

due ahdsHokngSdddtiveshvitdm the hdiesive subsfratt fgersuskd, forxashraple, to

f i xel.. Fid 3 N .Si de. vi.
g a5 il S RebF Tt PP,
sheet materi al having a reverse facing LED dice and a
backpl ane_ refl ecto IS an i so

ur 1 3 ed .
Vi eWiSEOW4 i ¢ dgd 18 é?gﬁﬁb‘ﬁba?’ Bda%ﬂt%fdwaﬁﬁlsmvsnﬂve
ref Iy ?Eﬂa@ﬁvefsqa&ém&t&ial Wh&ei'n%@:lﬂhﬁr RIdubkisNieRt dfagfdNed; t ed
Ilg out the sides of 08 WO 2005/

_ 099310 .
St 5068 131G HuEHE i dper R se e B n
ad hegdye 1334{9%{ RRink @Y@habld %‘Lﬂﬂeol&cbﬁ c@NARIR devic®. dPMNdie of

convert UV radiation emtted e LED die to visible
whi tievigible Heht cam ganr e ln@wteé)forﬂgaaﬁ BAprpeRss vi ew of a
mul ti-layered construction of the inventive I|ight
active sheet material, wherein each | ayer produces

| i gHfigusé 135 (Qiilustrrien the invantive eprstriction; of aheat 5 for)pulling heat

[
| g@@ﬁ& gc?ﬁy ghg fire Bl i %étﬁ%%?egﬁ@{}%e A 68 R 8e'afa
s pedlissipatitg tydheat] dlgm“e 133(BDlldsteates fthe inventivd @Inarucngmof aeikite
I
R b T Sy L
SI nkand alheqwink lfcrrgerhesang eXgEH beaht Egulteymﬁfue illustyagent the/imventive
i ght Nt h
o SOOI oA e Y defice R g B A S oY P fer
i n\é leand aalwcﬁmhb@ rmt:}; asqihbqrhlog fforanmdltzmg tlidl llmht Olldﬂ)/tlh Feguheal356D)
a e |jght ive |aye a_ i.ght .
o dLsi7atep 8 adked agprpomsmiign ithn Ry s priits Shegtmaerial
heatFiguré U35(8) ﬂ?ﬁ@fé&ﬁ bbﬂsttﬁdtfoﬁbﬁ&eﬁﬁi&nﬁxﬁ:\l@hﬁ dcee skl)lleet material
SOy Siet bPafhid Sbra bR LBAGH S L LR A 0
phospihe 'j)hosfpﬁér didpetsed withd tHe@hdsive RiibsBafentiteriaki gur e
135(d) ustrates a stacked | ayer construction of

the inventive |ight active sheet material. Figure

135(With spdéloriad Bove dé‘s@;‘ﬂﬁfoh}"@ 1siredtiz8f thhthBe bR UiRnsional
l'ight active sheet materi al
relationships for parts of the invention, including variations in size, materials,
shape, form, function, and manner of operation, assembly and use, are deemed
readily apparent and obvious to one skilled in the art. All equivalent relationships
to those illustrated in the drawings and described in the specification are intended

to be encompassed by the present invention.

Therefore, the foregoing is considered as illustrative only of the principles of the

invention. Further, since numerous modifications and changes will readily occur
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wherein UV radi ation generated by the LED dice is down

converted to white |ight using phosphor dispersed
wowdokiosesthe adhesi ve substrate material. Wth PEFPSINS/010051

to the above description, it is realized that the

opti mum di nensi onal relationships for parts of the

i nvention, including variations in size, materials,

shape, form function, and nmanner of operation,

ags egrioye siildd mi atiﬁ,lﬁﬁs deadwpiced t6 Giag) tgle/ilna@ﬁaﬁ ﬁﬂlhe andt

obvious to one skilled in t art. qui val ent

rel &?I?Sgﬂgtrﬂnagg opesetR e mid peribei Apsordig: AHabls

and netRIsfdalidiB End SyuiaRnEReS thiredtibd@id, BlilgivitheNAStopd 6r B

enconpassed by the present invention. %herefore, t he

for 8Y8MHY i s considered as illustrative only of the

principles of the invention. Further, since nunerous

nodi fications and changes will readily occur 109 WO

2005/ 099310 PCT/ US2005/ 010051 to those skilled in the

art, it is not desired to limt the invention to the

exact construction and operati on shown and descri bed.

Accordingly, all suitable nodifications and

equi val ents may be resorted to, falling within the

scope of the invention. 110 WO 2005/ 099310

PCT/ US2005/ 010051 CLAIMS 1) A nethod of meking a

light active sheet, characterized by the steps of

Providing a bottom substrate having an electrically

conductive surface; Providing an electrically

i nsul ati ve adhesive; Fixing |light active sem conduct or

el enents to the electrically insulative adhesive, said

light active sem conductor elenments each having an

n-side and a p-side; Providing a top transparent

substrate having a transparent conductive |ayer

di sposed thereon; Inserting the electrically

i nsul ati ve adhesi ve having the |ight active

sem conductor el enents fixed thereon between the

el ectrically conductive surface and the transparent

conductive layer to forma lamnation; and Activating

the electrically insulative adhesive to
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electrically insulate and bind the top substrate to
the bottom substrate so that one of said n-side or

wa@ aiod/op3st de of the |ight active sem conduct or PEI/E8®NE/610051
isin electrical conmunication with the transparent
conductive layer of the top substrate and so that the
ot her of said n-side or said p-side of each said |ight
active sem conductor elenent is in electrical
comumAMs$i on with the electrically conductive

surface of the bottom substrat o form ight agtive
cov 13 cA majhod Samhiph & Depdktenecs et By s ke F

ac c grehidiglg h BoftdkiBsiate Wi eldchiallpevntanive sthfice;at e,
the electrically insul ative adhesive ,g?td t he tog d
subdtrpydiag ap electically ingwlativeadhestiglixing Lisht getve sgruconductor

Mt ednfnis 160 dddRicallySiRsulitivé AEREIV4, R8id GEFREH @ IsBifliconductor
bringing the bottom'substrate, the electrical

|
i ns esmanipeachivain B nailg anda prsiss: P@M&S‘%@é%“@%@%?ﬂ Spbsirgie
a Coplihp H%ﬁsﬁﬁ&hﬂ coB@tQ:’ti’vér;@%r‘a&pQS’eﬁ GR$Son; Rderfngé Bty

making a light active sheet according to claim 1,
whe riesuletivt edhesivelavingdba light aciiesemicapducionplemepss fixed thereon

co nmei\?e%ﬁ IS mg coﬂﬁ&gﬁ% ?\lrfacﬁﬁmi thbBaRp LBt bnductive layer to

activating conprises applyin eat and pressure to the
| ari foeon B daminasios pdnd edetivatmg qericallyinsubative pdhegye I8

e s TR RD ol S RTR REEEA e o

pr essfsaid naside quisaid ipebictt dfyherlight astive semidont@AHBIDBISNO

PCT/ US?2005/ 010051 . 5) . ¥ I
et I 9B CLRC R N g el o Blafer B n

of ambstiand indgo tmntheiothes ofxaid reside ormard pofidesafl eagdsaid light active

action, catalytic reaction and radiatio ring t he
ol cceriscantgrrstnl e FUacdinlmhiigtoh S filsl gy
meki ddgdactive Glifacaof thy Botsdneaibsieate ar Wimg lipla activei devite.
wherein the |[|ight active sem conductor elenments are
light emtting diode die. 7) A nethod of nmeking a
: ! gﬁ) AQitlé:thﬁl sthekin gagfgmaéﬁmsgslhw ae‘toaaiﬁg th; cladhart, ehereintihe

[ active sem conduct or ements._ ar
| ghltqﬁpsl- WREFAR, T}f&iﬁ%%‘iy léﬁu?%ﬂvﬁé Siie o thestep Sebstraieiaght
act i YevidbE A re@RERLIHIRD Itk i the stép 6f iBkditid dohipSiking
portion of the light active sem conductor elenents
em tbringmgths bqﬁgvequgmem therelectrically insulative adhesive and the top

substrate together in a continuous roll fabrication process.

3) A method of making a light active sheet according to claim 1; wherein the
electrically insulative adhesive comprises a hotmelt material, and the step of
activating comprises applying heat and pressure to the lamination to soften the

hotmelt material.

4) A method of making a light active sheet according to claim 3; wherein at least

one of the heat and pressure are provided by rollers.
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radi ati on and second portion of the |light active
sem conductor elenents emt a second wavel ength of
wo 2eb5a930n. 9) A method of nmaking a |ight actiReT/Bhmes/010051
according to claim1; wherein the electrically
i nsul ati ve adhesi ve conprises a hotnelt sheet; and the
step of fixing conprises enbedding the Iight active
sem conductor elenents into the hotnmelt sheet before
the step of inserting. 10) A nethod of naking a |ight

actiye,sheet, accordi to.claim?7; erein the ste

o PR g Uit e o afespdiel Sim 1: whersh T step
pr eddaetivatinecbnfaisésedt feasifont bEsdlveghictiol @htalyc reaction and
sem canduct or S od of making a |ight

elements. 11 et
act i a‘%‘ﬁ‘ecé‘fm%e‘%:tg? gerfgeally "%PQPY‘FI aél,ﬂe%"rer ein the step
of formng a predeterm ned pattern of the light active
sem conductor . el ements caonprises electrostatically
at t éﬁe&ﬂ?&%‘ 9 sk ia{f‘ﬁhf&cﬁgf‘aﬁheﬁt PFeQFdingtecfaizg 1; wherein the
SemEREes Qmi@InBHREH derfihtsard g@ﬁaﬁlﬁﬁngrmmecﬁe. and
transferring the predeterm ne pattern onto the
i nsul ative adhesive. 112 WO 2005/ 099310 _
PCT/7ySR 0 b2 Arikin é%ﬁl&hﬁcﬂﬁi ded a&forﬁg% b 1! bB8Ein the

active sheet accor to claims§; erein the step of

f or AighRcH v Teaticondvgior Rbementst arelight-tf-energy devigst acti ve
sem conductor el enments conprises nagnetically
attracting a plurality of said Iight active

s enide oh anedhodrof aaking atightowtive sheet aedoatinge ehaem 1awtierein a first

tra r 1 . ] ter 0.1t he
L
act irgdiatimend secondpeattiog of the tiftaiactivé semendacior tlaments traip a

of g&%ggqgwgmﬁﬁpﬁg&ﬁ&thed pattern of the light active
sem conduct of ® el'ement’s conpri ses el ectrostatically

attracting a plurality of said Iight active

em,conduct qQr_.el enent.s, on.a transfey nenper .an .
© oS PR or el ARt et Bsafing R Bt o Ffein the
i ns _leleaﬁ'icﬁlly ingtitive mﬂ;esiw&onepﬂlmy ahlm:illmélf \A;]Héa} aﬂdntﬁ% tep bOding
active sheet . acgcordi to.claim1; rein fhe
RS B SRR B B i s Byt AEdemo i e hejmgts
t r ankRab&bic oA sHihséfing,

10) A method of making a light active sheet according to claim 7; wherein the
step of fixing comprises the step of forming a predetermined pattern of the light

active semiconductor elements.

11) A method of making a light active sheet according to claim 8; wherein the
step of forming a predetermined pattern of the light active semiconductor
elements comprises electrostatically attracting a plurality of said light active
semiconductor elements on a transfer member and transferring the predetermined

pattern onto the insulative adhesive.
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material to form conductive |ight transm ssive

connecting | ands, each said |and for connecting with
wa@200espBet i ve | i ght active sem conductor. 15) PCTES1908010051

of making a |light active sheet according to claim 14;

further conprising a relatively higher conducting

line pattern forned on at | east one of the top

substrate and the bottom substrate for providing a

relatively lower path of resistance froma power

supply sourc o each_said. |light active sem conductar
o1 b ey ol REERGRLER ooreHg! accpraaio SBTT enarun e
accoefloNMbrinfig@l lﬁéd&&hﬁﬁéﬁ%ﬁ@érﬁlof@e light laeiviersergi@bhdictor
conductive surface and the el ectrjically conductive

pat PRRNTE GepPrisse Meengtigallyeiracies &Plaw@wﬁmg HEY aG¥Yed for
sel gGhicMfiu¥toR BIdmBSS bRY tlaRdir\heiRk afBirghstetriiBthe FedetetMined

sem conductor elenents for formng a display. 113 WO
2008521t gnip tedmyultivoedhesiy®051 17) A nethod of maki ng
a light active sheet according to claim1; further
conprising the step of providing a phosphor in the
| amlBhtA oethod af malshes Bl actveishest agsording tp glai 8nyheeia the
by Nl PR . ‘ the
li g%ttef) ggi{o?%ﬁél%ge@ng%%n uctd %%tte é%%’%?lg%x@r%%t&gfc Pré utrc of a
s ec elethenta cempriggs klectt@aticallysitttagting)d plerealityrng said light active

ol o . ) , . '
ot o peneBhdBlor efehs U o TR P B Rt o iriftermined
an ehiarh ontoahd insudaivd adhdsive. surface; Provi ding an
adhesi ve; Fixing at |east one sem conductor elenent to
t he adhesive, said sem conductor elenent having a top

conduy t2omethod oAmbakihg o tipleaniivechest accofdingto dlainy 1 awheygin the

substrate having. an electrically conductive. pattern

di s FaRRrent speieiye RS forfsd By plindng ARl (R uc g

S e MingepsHAU L fofm ebelietive Hghigshsinlisive tennedtiap LRds) ehdhaaid land for
el ectrically conduct.ive . surface and the electrically
condOERFRg ‘%‘é}l 3 ESpPCUy light aciive seFeNAEEIon n - and

Activating the adhesive to bind the top substrate to
the bottom substrate so that _one of_ said

. to
condat tbmeling of arkng a{ig el Thert Aesordine logfm 14; further
seniceRPAuAE Pfelatively higher conducting line pattern formed on at least one of

the top substrate and the bottom substrate for providing a relatively lower path of
resistance from a power supply source to each said light active semiconductor

glement,

16) A method of making a light active sheet according to claim 1; wherein the
electrically conductive surface and the electrically conductive pattern comprise a
respective x and y wiring grid for selectively addressing individual said light

active semiconductor elements for forming a display.
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el enment is automatically brought into and nmai ntai ned

in electrical comunication wth the electrically
w@eondnewsive pattern of the top substrate and SPCT/E81005/010051

the other of said top conductor and said bottom

conductor of each said sem conductor elenment is

automatically brought into and nmaintained in

el ectrical communication with the electrically

contic N methed of meleng$ lightacietshentmsohbag tatchih d; fuothen an

| 2. cal | i ve. sheet . 19 hod_of. . maki
an- bR Xep SF bR "Coonnb e s bRt S el
whebakig optivallpstirndated b s radidtien etission dhe fifsy waveigihlioni (hp
at B9 Ao R RhEeLot e o P of Eih S e

bringing the bottom substrate, the adhesive and the

to uhstr at oget her .in a,. conti.nuous roll .

DI RS o R EER Sh oldppicB i GO Ettacterized by the steps
PCTé££JS2005/ 010051 20) A net hod of making an

el ect ropi caLI active sheet according to claim18;
whel@vifing %%mglia% substgate hawige an plggteally canlugtive surface;

mat %R]ﬁiim%ﬁﬁﬂh&ﬁ%; $ixa1y R icadGnb YhibHIuEONAEL&R o the adhesive,
appl yi ng heat and pressure to the lamnation to soften
t heSaldRmpgondupiar elemgnt haying a fonwondesiorsnd ahRitery cepductor;

el epfobRith @iobxsuﬁsqlta'tem@g%ﬁeleaﬁegfy%ﬁ&cﬁ& ;%lttéxlnrﬁis%géed

wherein at | east one of "the heat "and pressure a

pr olipiges; Byerting the pdhesiyo yvith szid seraigondctanelpment dived thereto

ol og ey . . )
ahor &7 85} fklelSl SERRTE o e AP el edly Shifuidle patom
of Wdpmmptlanipatiamandat al ytic reaction and radiation

cur A&ﬂra@iﬁ% g{}f‘a)gﬁ‘&h%% ¥nd tl?eat})p 'ghﬁgﬁgtg ?%gxgzbgf?@? ig%tr%g ;so that

el ectroni active sheet accor
wh eoreiof saiddop dérelector ambsapt baes: @nthodtoradfisaid kasicondacidr

t he - ' L. enbeddi.ng .t he L
sern ThER i€ty 6Bl 28 B FHRFRED £P e sgprgcacon
t hewsh e abdctridalip eorkictye padgrm Af the tidyodibstfaterakdiso ghadthe other of
Sl AT L0 e S et
f origangnaatipalBdedwhiineeshdaadih@med in electrical communication with the

electrically conductive surface of the bottom substrate to form an electronically

active sheet.

19) A method of making an electronically active sheet according to claim 18;
wherein the bottom substrate, the adhesive and the top substrate are provided as
respective rolls of material; and the step of inserting comprising bringing the
bottom substrate, the adhesive and the top substrate together in a continuous roll

fabrication process.
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of the sem conductor elenents. 25) A nethod of making
an electronically active sheet according to claim 24;
wob@se9931a he step of formng a predeterm ned pRECT/E82008610051

the sem conductor elenents conprises

el ectrostatically attracting a plurality of said

sem conductor elenments on a transfer nenber and
transferring the predeterm ned pattern onto the

adhzyi A enetldd)of Anaking lan dlectfonlmld[y rgtivershedt ectording walldim 18;

actiyve .sheet, accor 4:  wher tep
il L B N R R

S e mcao4tig comprisee higplng BeaCaidpressase w&bmlahmmﬂbﬂl 10 soften the
attracting a plurality of said sem conductor 115 WO
200@%@‘@?%@“@&/ US2005/ 010051 elenents on a transfer
menber and transferring the predeterm ned pattern onto

t he hesi v t hod of maki an . :

o1 2 St nzkng g SEtagtcally RN B o cham 20:
Wh e iréin b 18ast bifbfdhe Hef Ad DPesBuie £8pl00idel BeeolRat t er n of
the sem conductor elenents conprises using a pick and
pl ace device 28) A nmethod of naking an encapsul at ed

S €M 508 Gidtodlof NG @n eﬁ&?dn%ilﬁ abEREhEY acdoRinSieimals:

Providing a bottom substrate having an electrically

c ontiigEein jue step of pefivatingomprisssndy least %mﬁﬁ §plyent jaghjeny cagglytic

t herelihiand Faglahb!n We oS ace; Fixing a
predeterm ned pattern of sem conductor elenents to the
adheswe said sem conductor elenments each having a
to | Arieley
e R e S T
di swhseu theradhestyn compriges ahpmldlashectaanddhe step Dﬁﬁxmg bremprises

nee

oAby 5 AR I BB BB o s
t opnsketirigce conduct or and bottom devi ce conductor of
the sem conductor elenments is in electrical

comuni cation with the conductive pattern of the top
sulzt) ram&ﬂmdd)fmlcmgah eletteonicallly actn@fshm lackokdipg theoldime23;

cond ctor age tIom devi Cﬁl ? or. of ﬁﬁ%‘% s.aicfl
seny 36?1‘8 SEP élr‘?éﬁ?m}’%sef e "é’c‘f PRYPEEB FEReS By
W tdf thd\@nidopaiidtdiCeidnhasits.

D-

25) A method of making an electronically active sheet according to claim 24;
wherein the step of forming a predetermyined pattern of the semiconductor
elements comprises electrostatically attracting a plurality of said semiconductor
elements on a transfer member and transferring the predetermined pattern onto the

adhesive,

26) A method of making an electronically active sheet according to claim 24;
wherein the step of forming a predetermined pattern of the semiconductor

elements comprises magnetically attracting a plurality of said semiconductor
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conductive | ayer of the bottom substrate. 29) A nethod
for maki ng an encapsul at ed sem conduct or device

wa@emsngisng to claim28; wherein at | east one BEN/US2005/010051

sem conductor el enents includes a mddle conductor
regi on between the top conductor and the bottom
conductor; and wherein the adhesive conprises at

| east one electrically conductive portion for making

an eji@sdnts @ traeRNeSinba inWirahsférfifg Mot &etEMidd Patém onto the

regi on. ,30) A nethod of meking an encapsul at ed
semdBe#sct or devi ce according to claim28; wherein
the bottom substrate, the adhesive and the top
substrate are provided as respective rolls_of ]

mat &7 o mehied of making ap elggirqnirally aqtive sheshprcredipgjiociamd
200 v g.(?gpe'-}gﬁn [Watall
sub%&gﬁ&tsﬁg%l ectri c_:lgl adhegg ?@%‘“@géﬁe{bﬁ‘é’p‘%ﬁ&%@ﬁr
subsiemangs compiisestising iawick apdplaredryies- rol | fabrication
process. 31) A nmethod of making an encapsul at ed

sem conduct or device according to claim28; wherein

t he

280 ha siethediof olakiing gn andaprulaséd seminomduetar dgvicel chagastprized by

th . L v at] ' : A
S
mat euifate; PBR)dink anstdhestieddyenerkiha glecint celliceopdudtave surface; Fixing

sem
at |
roll
sem
t he

conduc ' rdi Gl ai . whereain
R o B S ARRANAG: dnerit B Ik AdeslOSREI D
semicond®Byr efermentsteach lefingakomdevice @ndapedndtadbittom device

coO

R B R 7B 2R e Srnat Bk et Gtei ppreon

f i xitagorncohpinasion setibetielhded fohactalliotimuitisahd binds eigrey
into the hotnelt sheet before the. s f.inserting.
o) SR b o teR el soanB bR of sehd o Hvice Srnpcta tnd
]gl_eV! BortoBCAeRicd icblﬁlu?ﬁr oﬁﬂhéisdﬁli]?&:;du%?ﬂ%hfénfs hﬁn?let@ﬁic@[f

i Xi ng conpr.i ses e step o orming a redet er m ne
pat t@%ﬁ“‘&’f@a{lﬁ‘é‘”&’é Fhe&Bﬂ‘ii{?BYeoﬁ‘at%F‘é}?é‘i'ﬁ top Sggﬁtm}? desh it gﬁe
meki diger 3R £ fopRievica beuSB hHdcHld it dvicdRbh SRt T @hdh sBid
to claim34; wherein the step of formn

pr e FEMEORsl YT e]!fétfepblls i electrigahcommunication wi%x t%e electrically

conductive layer of the bottom substrate.

29) A method for making an encapsulated semiconductor device according to
claim 28; wherein at least one said semiconductor elements includes a middle
conductor region between the top conductor and the bottom conductor; and
wherein the adhesive comprises at least one electrically conductive portion for

making an electrical connection with the middle conductor region.

30) A method of making an encapsulated semiconductor device according to
claim 28; wherein the bottom substrate, the adhesive and the top substrate are

provided as respective rolls of material; and the step of inserting comprising
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sem conductor el enents conprises electrostatically
attracting a plurality of said sem conductor elenents
woeroog/oeaanst er menber and transferring the PCT/US2005/010051
predeterm ned pattern onto the adhesive. 36) A nethod
of maki ng an encapsul ated sem conductor device
according to claim34; wherein the step of formng a
predeterm ned pattern of the sem conductor el enents
C ONMpidch@Shd RIRGh isGskhte, M EleaeicalyGidResBlehdttetiyp Qfbstiied
117 005/ 099310 PCT/ US2005/ 010051 sem conduct or
el etpepther ipa couiinugns Fll fabricalen PIoReFSt r ansferring the
predeterm ned pattern onto the adhesive. 37) A nethod
of making an encapsul ated sem conduct or device .
accdbdArmaethad ofmaking ayencoprulatadsemisandyckys dgyice ycprdings to
t he phesle LREIGiR G RALSR A }es hBEmoRGHRSE RAMNGE Qid the step of
el enent's ‘conprises using a pick and place device. S%E
A nedtivaithgsbmipaisesrapphingdiveiand wresswd tosplasgpatign tosoften the
devh&ﬁmﬁ arding to claim34; wherein the step of
formng e predeterm ned pattern conprises
transferring said sem conductor elenents froma

rel aty vel v, | r t.ack hesi . |; [ r
t actohirodherESPlakRgl BARRINA icofu i AE I Y
by: clainb®1;twherein bsleashbre 6 thaxhdat andsgressure ahmpromdediby rollers.
el ectrically conductive surface; a top transparent
substrate flexible sheet having a transparent

condsic A Méhddaygmakihg po sdpdulaesdesemicoaductdraietice aabidyng to

insul atjye. adhesive flexible sheet; . |light activ .

S en RO I s AP PSLES A O PR B (gt focing

i NS gbrapriséCerdtslbdiihg/Me séifiedbndusdi elembglifito detlowaelt sheet before the
sem cong‘uctor el enents each having an n-side and a

p- sFEROLIFEMG . octrical Iy insul ative adhesive sheet

having the |ight active sem conductor elenents fixed

thereon being inserted between the electyically ..
condtik ¢ mathad, of grking Ay eﬁ%@“ﬂ%*%@rﬁﬁ%’éﬁi‘é“@d{?&‘ﬁ% peeprding to

| ay efairk 93:fyitePeif thedip GH R} RRPriss oSt fomnikdat the
electrically insulative adhesive  electrically

i ns @redetesmingddp#taryef the sertigendigigs elpmeEs.sheet to t he
bottom substrate sheet so that one of said n-side or

said p-side of the Iight active sem conductor i
35) A method of making an encapsulated semiconductor device according to

claim 34; wherein the step of forming a predetermined pattern of the
semiconductor elements comprises electrostatically attracting a plurality of said
semiconductor elements on a transfer member and transferring the predetermined

pattern onto the adhesive.
36) A method of making an encapsulated semiconductor device according to

claim 34; wherein the step of forming a predetermined pattern of the

semiconductor elements comprises magnetically attracting a plurality of said
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elements is in electrical comunication with the

transparent conductive |ayer of the top substrate
wGeh@endsndd so that the other of said n-side orPGHUS2005/010051

p-side of each said |light active sem conductor

elenment is in electrical conmunication with the

el ectrically conductive surface of the bottom

substrate sheet to forma light active device. 118 WD

20051B098UROPETMS? 008 adska Sdembbd indtririsfhingakd pré@etermined

sheﬁne&c&wﬂegghge%cl aim 39; wherein the bottom

substrate, ctrically insulative adhesive and
the top substrate are provided as respective rolls of

teni al . he .st f i ti I Si
or 1 201 AgreeRal PRt Lenirep e ek ERe trrestiryding t
| nsudint 34y ehartirethe Rp aN hrinki thoprediintitcalAutAgeiRer in
a S%%}Ctoinﬁugus roll fabrication process. 41) A |ight
act TV CUHEIQT SlempepyFraprises wying anidkoand place dpYice. he
electrically insulative adhesive conprises a hotnelt
matgri al actjvatable by applying heat and pressure to
AR RS M MRS R
|| iimDal iviercatie6 biop 66 R IR hd fhodh el Jand BB LsNe
adhesi ve is activatable by at |east one of solven
act THCrag s conducieselampnts dromeaealatively doveer taelliadhesive to

curd etivefdigher thadh@®lel Ve sheet according to claim
39; wherein the light active sem conductor elenents

are light emtting diode die. 44) A light active sheet
ac ol A Reht LSt ' raciMiss £ i act i .

semi ?:,ond%1 ct:t or““,‘éesfﬁgérjlg’eﬁlt%rsf1 ar eéqle(}}p'g?i%&?oé{l (Selg%%rﬁtﬁ %(%léﬁ Shget
45)haying anplectgeally\condiistive suafaco rdomyarsparentaiataR; flexible sheet
wheLal ' ' .he ljaght actjve. . )
oy o farspnieny AR LBb iRstd Bploqm FBeletGesvdpsutaive
r adiikesive flexibte sheetplight activp serhicaniuotor tlbments Ghdd 136Hd Ve

P BEOR o SRR 0 R EASERSABET

39 ,eawmvieg an nksideerind atp-dida keyeldciullytinbul five A@BINE Vifset

gg%wciﬁﬁtgg g@g!r'h%{ei{)% J:r?egl%?sogﬁgété)r e enn(1jel1ttshflexelcll err]éon %}nlg\ﬂ?serted
between the electrically conductive surface and the transparent conductive layer to
form a lamination and activated so that the electrically insulative adhesive
electrically insulates and binds the top substrate sheet to the bottom substrate
sheet so that one of said n-side or said p-side of the light active semicond uctor
elements is in electrical communication with the transparent conductive layer of
the top substrate sheet and so that the other of said n-side or said p-side of each
said light active semiconductor element is in electrical communication with the

electrically conductive surface of the bottom substrate sheet to form a light active
device.
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are enbedded into the hotnelt sheet before formng the

| ami nation. 119 WD 2005/099310 PCT/ US2005/ 010051 47)
wo005g931tact | ve sheet according to claim39; Wher/E52005/010051

the light active sem conductor elenents are forned

into a predetermned pattern. 48) A light active sheet

according to claim47;, wherein the |light active

sem conductor elenents are formed into the

pr aldgt& l!ligl’itl’aeﬁ*%eﬁﬂée_k 3‘“?“‘@% to ellaat3% szhafeinahédbquom subaicate,rie

a pluralrty of said light active sem conductor .

o cafestically HpHlave AR TR SURATRIE g g TS B gesprgive

Pr eQat &f fhBed: Rt P isertingombfisihg Bringie; taelbetsinye.

49) A nethod of making a |ight %&il ve ssg@et acco‘%dl.n%

t o bsirais, de;eleghisallyi insufatize adhiesive ang thejop SORTES IREEEEIR

el efRihRu F&@g{égﬁg{lf’n@gg&t he predeterm ned pattern by
magnetically attracting a plurality of said |ight

active sem conductor elenments on a transfer menber
and fyr & g i i tlytikR@lative
s e o e e St

ac catheiveoromprisds aihotradt materéal eichvaable by appbiingheat and pressure
CONUES laihaliBBY s RGIRE heifiie Andibpspar ent conducti ve
materral Tornmed as conductive [1ght transm ssive
connecting | ands, each said |and for connecting with a
respecti.ve |1 ' i,C: . 1 .

et oo e e ok nE STIERT AL e BRhaibalt Bbivatabe
a by atiéawiadng of kulgpnbaction reslapeiratign, catalgtipmattionand sdisidn on
at | east one of the top substrate and the bottom
subP8te for providing a relatively | ower path of

resi stance froma power supply source to each said

l'i gh tjve .sem conduct o l.enent ., 52) . Al . active
she%%) g‘g’@btrzl‘ff‘ﬁegs & agge ‘?‘H%@ﬁ%&ﬁﬁf%‘é‘e%%‘g%?{rw%a| ly
C ONghagibdndBetitdlénia®s @aticht beaiteihgediode del | y conducti ve

pattern conprise a respective x and y wiring grid for

sel ectively addressing individual said |ight active
seniygPadisht Aiveihesrdotdih@fo lRimTB9)gviRrei Siplight aciR0

semiconductor elements are light-to-energy devices.

45) A light active sheet according to claim 39; wherein a first portion of the light
active semiconductor elements emit a first wavelength of radiation and a second
portion of the light active semiconductor elements emit a second wavelength of

radiation.

46) A light active sheet according to claim 39; wherein the electrically insulative
adhesive comprises a hotmelt sheet; and the light active semiconductor elements

are embedded into the hotmelt sheet before forming the lamination.
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WO 2005/ 099310 PCT/ US2005/ 010051 53) A light active

sheet according to claim39; further conprising a
w@b@spysro provided in the |lamnation, said phpsplis2005/010051

being optically stinulated by a radiation em ssion of

a first wavelength fromthe Iight active sem conductor

element to emt |ight of a second wavel ength. 54) A

el ectronically active sheet, characterized: a bottom

pl a ?"a)r Adighsdctiad meégav&,dwng RNcIeesd ;r\izlﬁlﬁéiﬁ the @i@lﬁt;jllkiﬁ\td ve
surface; .a top substrate havin n elecirically
con m%fqn%ctﬂa‘fﬁw ¢ %ﬁ‘ﬂ%‘gﬂ‘t? H%F%GWPH‘QF PEKEE one

sem conduct or el enent, each said sem conductor

el enent having a top cgnductor and a bottom conductor;
an “8dAdehtastivresgocosdios i clpigndt; vdireeis baiigliatita or

el esmiéonkiiicteibidn@ i OroRmel irftb BRITERRRINGE PBitd By

electrically conductive surface and the electrically

c ondg@tostaticaliy aitraptingaglyraltyof said Hehfaciivrsemigeadugiorelmeats
bei Bga bdskef HefbLardQraBiBitink 15 r%@&erﬁﬂﬁb%i:)ﬂa%ﬁ hid thi1e
bottom substrate so that one of 'said top conductor and
sai tsulgveadhesivonduct or of said sem conductor el enent
is automatically brought into and nmintained in

el ectrical communication with the electrically
cond¥)cAimethquiaifineakimgaflight detive dpetadosidingtte chiml 42 ovhensin the
t hey, Sa| t ' Q
contilh e SomE o ReRaRe i im0 R} BrelHbnilila pattem by
aut owgtteticadly hyrabhinguagiitrality bs @id dightragiivg seimi@ddoctor elements on

el ectrical communication wth e electrical . .
conueETd e ARl s Me pleledfirGad Rab 2niolng ipuintiag
el eadhegivd.cal | y active sheet. 55) An electronically
active sheet according to claimb54; wherein the bottom
substrate, the adhesive and the top substrate are

pr o50)dadighisactiasdhed tatasedihiol Saigf 39; RfeRsin Mk tradspdrehine
bott(&r‘? substrate, the adhesive acpr%‘t he tqop substrate
ar e “BIBTYR aYer QGRS tasparey SORgHeBTR e feusdias at i on
pr oe@dgetive & ghtAvanghiSdlel @b fihf Yanas lehdhesaRiNBRE foR66iMbEing Hvith
to clai m54; wherein the adhesive conprises a hotnelt
shedfespreties el ackive samicpgrdoby appl yi ng heat and
pressure to the lamnation to soften the hotnelt

material. 121 WD 2005/099310 PCT/ US2005/ 010051
51) Alight active sheet according to claim 50; further comprising a relatively

higher conducting line pattern formed on at least one of the top substrate and the
bottom substrate for providing a relatively lower path of resistance from a power

supply source to each said light active semiconductor element.

52) A light active sheet according to claim 39; wherein the electrically
conductive surface and the electrically conductive pattern comprise a respective x
and y wiring grid for selectively addressing individual said light active

semiconductor elements for forming a display.
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57) An electronically active sheet according to claim

54; wherein the adhesive is activatable by at | east
wor®s0993s®| vent action, evaporation, catalyti cPCEES10050M0051

and radiation curing of the adhesive. 58) An

el ectronically active sheet according to claim 54,

wherei n the adhesive conprises a hotnelt sheet and

sai d sem conductor elenent are enbedded into the

hot B8} tA 1dAE&dtive thedt 4265288 %W Rathbeiompasifg £phosphor
formng the | am nation, An electronically active

& e Broviliet g P iR o S APBhOpRGREADcA s Capulated by 2 adiation

pr eqﬁﬁsﬁbﬁbﬁgﬁrs%&‘tefehgm%n{ € LR ALHRREHEL QUGB td Snit
formed by electrostatically attracting a plurality of

sai dglofncendwavalengtherrents on a transfer nmenber and
transferring the predeterm ned pattern onto the

adhesive. 60) An electronically active sheet according
t o SHhidnslEsronighibyragiive shers, chanacigagedr abatioth 1plnassubstotte havng
sem r t

att faggltg ?‘ﬁg&“g I% ur gﬁ@ﬁfadgf a {so gﬁ %rg%ﬁcgﬁ%%gte%e%ﬁlec %%yrre nts

on aonduamwfpattemwlisbesed z&wdeont atdeast ame semigortdhector element, each

re rmn attern onto th hesi ve. .. 6 An ]
P! o3 St BeBELbRET nhs b EoRRKER b bBidm Baguctor; an
whe raéhemve harmgp;aﬂdae teast whe&thigatlb @orelafent fired thereto and

sem conductor e sis f C and

o m e Bedeertlss TSl Sat ATt e B SeBfly
devicoiuctiveaiatierh@s formd lbnmhﬂit&l i @fisesioé béing otiiatdble to bind the
substrate havi an el ctrlca ly co Léctive urfacs 3

¢ op [ BT © kAo SuBiira ot ons Pl SR FoRayey And sai
pat befidin dbrsROBE Of dalitle@dhdwttddcRARKES Aitovaatipal s uhdinto and
sem conduct.or. el enents, each S@‘dd em,c nduc

el emaAaneddy plagrical commyigation wi Séﬁané}‘c%? pastgm of

devigeRol QARAE Ad sodhat ﬂ@tﬁﬁér%ﬁsdi@tbb REndtBlod 4palshi@Hdusi
sem conductor elenents fixed thereto and di sposed

bet wetycionef eaclpeaid $e@‘a¢qﬂ9uct%%m 18@@0@9?@@1&3@@1@ e and

el eglaidifiadd X el QREH! €5 thMBniBAloh &Fifh thdel&REAT: cbﬁc!ﬂcﬁ@é $iffhce of
t he adhesive being activatable to bind t

s ubgherbettamisybsingte th Sermom elaghgnipally actiye shepp V\D
2005/ 099310 PCT/ US2005/ 010051 that one of said top

conductor and said bottom conductor of each said
55) An electronically active sheet according to claim 54; wherein the bottom

substrate, the adhesive and the top substrate are provided as respective rolls of
material, and the bottom substrate, the adhesive and the top substrate are brought

together in a continuous roll fabrication process.
56) An electronically active sheet according to claim 54; wherein the adhesive

comprises a hotmelt sheet material activatable by applying heat and pressure to

the lamination to soften the hotmelt material.
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sem conductor elenent is automatically brought into

and mai ntained in electrical communication with the
we@bk@soeiseml | y conductive pattern of the top subSI/DS1085/010051

and so that the other of said top conductor and said

bott om conductor of each said sem conductor el enent

is automatically brought into and maintained in

el ectrical conmunication with the electrically

confiicAn electsenidaliy ectivé shideeacbatiing o daihsi4; athereimthefadheviva s

el ectroni.cal |y activ heet .. 63) An enca L at ed.

et abIE By perR el sBUF biod P R R irBion ang,

| eastliatoecioingoéite adieRiveonduct or el ements i ncl udes a

m ddl e conductor region between the top conductor and

t he bottom conductor; and wherein the adhesive

CONPR)i AR sledkori @B het®B siRkbERtdrtBatd Maif0d Whblenethe AkdsRe

for maki nsg an el eé:tri Sal. connect i o% with the nmddle

contRTMRTISPS 4 hagme shegtand Agid ssrisondusiar demek Afecanbreded o the

devh@seRn el ifliapgedeRdriiinad PatRe bed1e fRintholthelamBRitodm

substrate, the adhesive and the top substrate are

provi ded as respective rolls of naterial and the

| amsgyahh @Rcttchidaly HBTe Qiéetb‘{cbd?%?% 4k OEhemSHRsSt rat e,

the el ectrically adhesive and the top Substrate

t oge¥efrtermyined patiesn of the semicenguptor ¢lerpentsis formed Myocess.

65) ‘ . tar . . .

o1 A oGRS WAL oSS D O tleE RARBNe b Prchiltr

she@embertand fransfetng e peedeterniyedpaperpionty theadhesive

pressure to the lamnation to soften the hotnelt

material. 66) An encapsul ated sem conductor device

ac c@hdin glectronidally aati8@ sheairreearding tohdaimaidh edberen thacl udes

- 1 ) f sem t :
o1 e Thern BE\IROBRLLEK HePln RV RBpicaty
f or atiranging h eluraity ofhidermicéiducin clememp sm h atiisfer member and
] t deyi di t | ai m 62; wh [
¢ ner B R BER o18 el Conauctor
el ements is formed by 123 WO 2005/ 099310
PCT, 005/.010051 el ect taticall. tt i
RO BRI B oLk E S BB, S
e nfredetéiithet] (pameah of the BEmitdidu@beslah@its s A theld BytuBE aGidko

th eana%li]a%g Idgv(;ée.

62) An encapsulated semiconductor device, characterized by the steps of: a
bottom substrate having an electrically conductive surface; a top substrate having
an electrically conductive pattern disposed thereon; a predetermined pattern of
semiconductor elements, each said semiconductor elements having a top device
conductor and a bottom device conductor; an adhesive having said pattern of
semiconductor elements fixed thereto and disposed between the electrically
conductive surface and the electrically conductive pattern to form a lamination,

the adhesive being activatable to bind the top substrate to the bottom substrate so
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68) An encapsul ated sem conductor device according to

claim62; wherein the predeterm ned pattern of the
wa@eossomiduct or el ements is formed by nmagneti caPCHUS2005/010051

attracting a plurality of said sem conductor el enents

on a transfer menber and transferring the

predeterm ned pattern onto the adhesive. 69) An

encapsul at ed sem conductor device according to claim

62; that/\brwr@ isaid ttépeconﬂmmiemé said hestbnpedrichrctoraf eadhesa;ld

d ned ]
o AR RS BSTR ool oER A Bl Rl Thdesrca
acc omdmmycdtmno;hm tha @&mMandumvé battemrofded top Bibaste and so

pat th emc ctor, el nts i formed by,
P 2B B Bioet el CRMNIGH A st BORY uctP glrpagh Sid
r el sdnhiveldyictooviemert ﬁ(‘d&tomﬂﬁeeﬂlbl\bﬁodgﬁt Bt &hcﬁ;hhﬂ&féirbéd uhél@diﬁéal

tack adhe5| ve, di ati on source
sel 8 W@ﬁ%ez%%%&ﬁﬁﬁwnﬁmvs syriraeAtithmb ot@m %ﬁ%ate to

or gmmnrwgcﬁbmaduyaah@gm{ erized by: A first el ectrode;
A second el ectrode disposed adjacent to the first

el ectrode and defining a gap therebetween; and A

photsy nadhaiph@Re®Bbiten@icrbradtice HcoRPAEH Eifint &8 viRRbin at
t he phot o-radjation em ssion |ayer conprising a

chaled¥-ope ahssjsoremiceadyctor elements ingludgsnal maiddleeprdyicias region
par béteubAthe topoR@RTo? 86 Mk bbikdin LORERAT SR WARLR B dhesive

matrix material, the emssive particulate recelving
el efAMprisay atdenst Wlwﬁmlbmnﬂmve bettige -for makippan eleatical x
mat gdinddiof R le B E A0 the first electrode
and the second electro 0~ adi at i on, the
em ssive particul ate gener ating photo- radi ation in
res n I adi

886 phaphled B RS AP seco SO kEIRL O SRl
P h onitom admaate,dhe gibesitlel and Gredopsubstrad ard pdowdédlds M@ecuve
528}?{1}8%@2%%1&1% H}% n?x? tl%il’i? %rn%ib?bmﬁ?hg?éle boggﬁgltﬂ%s?rate
chathg elettriaaibf[adhetswelam this Xoprmbsifate&b gedlapihiaeatimipus folli C
tralngﬁortnmat erial. 73) A photo-radiation source
accoPArHg PR ESai m 72: " wherein the ionic transport
mat eri al conprises an electrol yte.

ot

65) An encapsulated semiconductor device accordirag to claim 62; wherein the
adhesive includes a hotmelt sheet material activatable by applying heat and

pressure to the lamination to soften the hotmelt matesrial.

66) An encapsulated semiconductor device according to claim 62; wherein the
adhesive includes a hotmelt sheet; and the pattern of semiconductor elements is

embedded into the hotmelt sheet before forming the lamination.

67) An encapsulated semiconductor device according to claim 62; wherein the

predetermined pattern of the semiconductor elements is formed by
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74) A photo-radiation source according to claim 73;
wherein the electrolyte is a solid polyner

web®@snywshyt e. 75) A photo-radi ati on source accPeUSIHOH/EL0051
claim74; where the solid polynmer electrolyte
conprises a polyner electrolyte including at | east one
of a polyethylene glycol, a polyethylene oxide, and a
pol yet hyl ene sul fide. 76) A photo-radiation source
ac c ediosigtically aftraiting 2 pluralitg bRdaitl dehtconistt@lceafiSROS fransfer

ool B it ARTRE b 2Re s R ondbe WPERTS (o

claim76; wherein the intrinsically conductive

ol conpr | aromatic repeat units in a pol yner
back Hona teahyltor eimisonTeins davibe troaiieda dagHE: qbieln dhe
c| aprenleférminet @amdr of he sdniibdndBehE abdhts i§ HINEbY Yagnetically
pol r. conpri.ses. a pol yt hj ophene. 79) A
pho Asing R B st embendeeir glgmeRs e afransfer memksr and
t hetranbidirie tlid fredeidiined Picit SntdBleiih@lvel S 11 ansparent

to photo-radiation in a photo-radiation spectrum
effective for the selective polynerization of

hod%)- Adélicass i i al.- 80 :
phod% capsuRRdGBhRBARICRF Gé’s%ecacc%ﬁlg Ilidaléll#lm;%’ )VVV\}‘%@?I% the

phot o-radi ati on source accordin

t heP RiFtBmed gatier ofithe septieondugior isgefrmed esingg a pick and
betpMpeedssl i ncluding W and blue light. 125 WO

2005/ 099310 PCT/ US2005/ 010051 81) A photo-radiation
source according to claim71; wherein the

ph - KiP&icMsi 2 anr . a.ran bet.ween

g el oL sSREGI i R g o G 2o rieeaine
souMedstennined Patiem efdhademiqonductortemrenisiis folraed by transferring
phQtia- LA, i priSes a.r e includin
120 e B bR R R B g auslaivel
cl dueher7ack aghesivei n at | east one of the first el ectrode
and the second el ectrode is transparent to
photo-radiation in a photo-radiation spectrum

ef /&b tA plotd-odiatitiesciedecor thy selqeiby patyrhadhiicnbr phoRNAkRtion-
radjatj.on-curabl e oygani c npterjal. 84) A

onopAbleBRiafit oy S5 ed P %t oo seeendhmlesiade

t hdispoued adjneedi t@ttheofivst electrode and defining a gap therebetween; and A

photo-radiation emission layer disposed in the gap, the photo-radiation emission

layer comprising a charge-transport matrix material and an emissive particulate
dispersed within the charge-transport matrix material, the emissive particulate
receiving electrical energy through the charge-transport matrix material applied as
a voltage to the first electrode and the second electrode photo-radiati on, the
emissive particulate generating photo-radiation in response to the applied voltage,

said photo-radiation being effective for the selective polymerization of photo-
radiation curable organic material.

124



spectrum conprises a range between and including W

and blue light. 85) A photo-radiation source accordi ng
W 2008/0283m0 78; wherein the photo-radiati on speRCT/UN2005/010051

conprises a range between and including 365 and 405

nm 86) A photo-radiation source according to claim

78; wherein the photo-radiation spectrum conprises a

range i ncluding 420 nm 87) A photo-radiation source

ac c6?)dArpfotoeradibtiomodiicp avdoeding 10 ddia 7| widreit HRGh#igSRansport

and second el ectrade are planar. and di sposed on

fl e?g%%'?em ai%rgj;f?@rggs. anggre %a?fﬂg'i‘&afeéi‘ tation source

according to claim71; wherein the charge transport

natﬁgi | .is effective for transporting electrica

chafyed PR REANGRE sourcg accqiing fo daim d2; Whesein thevenie tayemos

appinatedal tcompfiges b Elsétraiyt@ct r ode and the second

el ectrode, said charges being effective for causing

the em ssion of photo-radiation fromthe em ssive

par14)CAllpabte-radiatich b SocbAREb cRiin DI Mifbr&i f18 Cleb¥iyif G

t he .glectlve pol ynmeri zati on of

pthE-Pﬁﬁ?ﬁfﬂ@prﬂ%able organic material. 126 WO

2005/ 099310 PCT/ US2005/ 010051 89) A photo-radi ation

source according to claim71; wherein the em ssive
par 19 ct Phete-radigionspuise accordingtp wchajm g4;phiwtathe sididgblyores n

a bl ' f th

c el S PIASH RO AR otk LERMG o Bt o

or geohiietylene ely¢odl a poldiylene ptids, end apolpdthybene sufide e
according to claim84; wherein the photo-radiation
spectrum conpri ses a range between and includi ng W
and 6| Aphatpgadiation syurce piootimertadiamt 7 hiwiRnil te cReeareispert
to j ; ejln the phpto-radi ati.on spectrum
coﬁ%#?%gééémfgﬁgé&%%P%g%ﬁ% AR E PRy Y65 and 405

nm 92) A photo-radiation source according to claim

84, .0 the photo-radiation . spectrum conprises a
P b S GR35 Bt B isielh fomoisinive
ac condlictige palymdrabmpiides atbesie repenitdh alpdBmiet badkbaad
the second electrode is transparent to at | east of
portion of photo-radiation emtted by the em ssive

par7s) cuplasteralftgioh beured deesrd@E td Biind 76; WheRRHGhd AGinsieaNd

electJoge i? . .
conductive polymer comprises a polythiophene,

79) A photo-radiation source according to claim 71; wherein the charge-transsport
matrix material is transparent to photo-radiation in a photo-radiation spectrum

effective for the selective polymerization of photo-radiation-curable organic

material.

80) A photo-radiation source according to claim 71; wherein the photo-radiation

spectrum comprises a range between and including UV and blue light.
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reflective of said at |east a portion of the

photo-radi ation emtted by the em ssive particul ate.
wW@®2005099300t 0- r adi ati on source accordi ng to cl aPer/¥42005/010051

wherein the em ssive particulate conprises a

sem conductor material. 95) A photo-radiation source

according to claim71; wherein the em ssive

particul ate conprises at |east one of an organic and

an BhoAghniceradiatidri doayenedrdisg damdl ¢ whdreip diet photohratiation

96) A phot o-radi ati on, source .accoy.di t aim 71;

ahePHSFRR REmRER R EnaReE R Byt ety bl ey o

| east one of an organic and an inorganic
sem,conductor.. 127 WD 2005/ 099310 PCT/ US2005/ 010051
57) SR PRS- iAo 0uFFe SErarEies e nghareh drehaiomadiation
wheggkiturh Bempiesdk & emdy fcRiding 320 hincUl at e conpri ses an
organic light active particulate including at |east
one conjugated polynmer, said at | east one conjugated

pol ysEA PhabliadiaforSdshifde ab@ndihy to! PHCA Dﬁzﬁé}léih @t 1e80 oY of the
I N

extrinsic char?e carriers so that on apply an

el e&st electiorle puef the saoprcteleqtode fsitrasspagatiiogbieloriadigdnninet
| ay gheio-t4idiBR speMlmUEUGE % tRMeldcrd A eriu&rowph&!;.e
conductive carrier naterial the second contact fayer
bec tMBgobeuakle geganic aatgriale to the first contact |ayer
and charge carriers of said first and second types

are injected into the sem conductor particulate and
conBind photofradiationsouree aceodipgigalasa 78oivierein thelphpigeradiation

¢ kPR gs et Raflal SR B AR o)

A photo-radi ati on source according to claim?97,

wheggi . ic light ..active rtjculate .
co rr%f)l g@ 215%3 r éll c(fq'ess0 UREYD (r:ﬂ n?\%%oé%a%flggs@%ﬁg ﬂgfphﬂt(? rrgdlauon
t r aspepiourh comprises & adnge betgeen ahd @rcuding355 aaddoehact r on
transport material. 99) A photo-radiation source
according to claim97; wherein the organic |ight

aclt BsoeA@g?ergdihmh oﬁm]ﬁ'aédo&ﬁﬁg mm%quQiﬁvhdgﬁﬁ thephb@-radiation
pol yner end, the po I end including an organic
eni%F@PHBF@ﬂﬂgﬁsﬁFPﬁ35¥ﬂ$@ﬁ§?$6ﬁe of a hole transport

material, an electron transport material and a

bl ocki ng. mater.i al . ) ) )
g 7‘3 A%hoto-radlatlon source according to claim 71; wherein the first electrode

and the second electrode are planar and disposed on flexible substrates.

88) A photo-radiation source according to claim 71; wherein the charge transport
material is effective for transporting electrical charges to the emissive particulate
when a voltage is applied to the first electrode and the second electrode, said
charges being effective for causing the emission of photo-radiation from the
emissive particulate, said photo-radiation being effective for the selective

polymerization of photo-radiation-curable organic material.

126



100) A photo-radiation source according to claim99;
wherein the organic light active particul ate
w@eoopodses n crocapsul es including a polymer sPe€i/s2005/010051
encapsul ating an internal phase conprised of a polyner
blend including an organic emtter blended with at
| east one of a hole transport material, an el ectron
transport material and a bl ocking material. 101) A
phogoy Efxgdioﬁi-iaﬂﬁti&ﬁwhﬁ& 286 @ingondpitnd 1¢ WatrBin I8 eniksdieei N
t he conducti ve arrier, rraé(ﬁri l ,coggri ses a. hi nder
mat 8rtigylaigiarerrapable ofenpitipg phaferradiation frig photo-gadiafipy pretigm
addiskéoriQs for #Geldblivé PORARAZIGN o 42d0061-0d:a6%8 brgadio2)
A photo-radiation source according to claim101,
whef@feiak he characteristic controlling additives are
at least one of a particulate and a fluid include a
desi ccant; a conductive phase, a sem conductor phase,

an PRk ehoteredistierwurae acersding i daim 84 pasrginHbeplivimispisgon
ph a§$eictarﬁﬂ BRE s\é‘??r%g BaREbDShdRR AR Eng @Vgﬁél Blue :li@lht.e cti Eg

mat € an-electron injecting material, a | ow wor
netal, a blocking material, and an em ssi on enhanci ng

gzlt ggi %L%ho%o%fﬁbiaﬁof&%%&'arcg&?iﬁ%hogﬁail?l%ﬁgg?elfeﬁrthé ﬂ{%to- a]diéttion

nmerization o atlon-cura
or gapeEctumsbeIprisds a rafgabetoveen andduclisding 3650ind 445 inmy  of
light emtting diode chips for generating a
phot o-radi ati on spectrum effective for the selective
pol YR pietd-adiatibn ghotemccading td daimd4;, abbreinghgpimiteradiation

mat eri al each chi havi anode and a cat hode; a
fi r§?GC§F@§PF’8%€Siaﬁg§8mcgurcé?“g\?vlﬁpﬁlmeach anode of the
respective light emtting diode chips; and a second

el e ode in contact with each cathode.of. the

;oo Sk A Dhotq THRPOR UGS ASEorE A s Mhifisy Q3P §f dp frst and
| eashe sehdfectrbl if trigharehtas bledeof pdrgbnt dfphsaadiakion emitted
el ectrode conpri ses g@éranz&ar t .conduct or.

4) A .
phot'd thefatissive partiseate e fist gjddheyer ,eq%?ﬁ‘@f“’eﬁsn
t he rgdefivdl dftsdid @f least B bBiioR bEh BhdTB-RaTton ehiite@Cbyithe dnissive
formation by bei ng squeezed between the first

el edgytisdléteand t he second el ectrode without the use of
sol der or wiring bonding. 105) A photo-radiation

source according to claim2103; wherein the plurality
of 94) A photo-radiation source according to claim 71; wherein the emissive

particulate comprises a semiconductor material.
95) A photo-radiation source according to claim 71; wherein the emissive
particulate comprises at least one of an organic and an inorganic multilayered

semiconductor particulate.

96) A photo-radiation source according to claim 71; wherein the semiconductor

particulate comprises at least one of an organic and an inorganic semiconductor.
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chips are permanently fixed in a formati on by bei ng
adhered to at |east one of the first electrode and
wo b@ssesond el ectrode using an intrinsically chelj/usadseioost
pol ynmer. 106) A photo-radiation source according to
cl ai m 105; wherein the intrinsically conjugated
pol ynmer conprises a benzene derivative. 107) A
phot o-radi ati on source according to claim105; wherein
t he 97htA phcztm:aiiatipn SQng aqqattdmg tp olainir®T; viherdgdt the &gnieonductor

pol 9 WD 2005 310 PCT/ US2005/ 010051

1083&% %g‘lpaa‘%é‘f‘u%%?l%g‘éf’t %Fcfi%tf"b‘}a??dn‘f%ﬁ gilestens:
vxhelcemmgatdsdepqdymerpsalcr @ dsanit one raox&;p@ﬁédrpmn@mfmg%ﬁﬁmenﬂy
range bet ween ang inclu %@_@gFWand ue |i 109) A

ohotY PSP 0 AR Sp thabrgrpits n chRgie S
t he bpﬂm@é@therfﬁﬂlaﬁd Se@ﬁnc&flﬁftkf luﬁ@@@r’tmsieﬁﬁ‘e%néh&&%ﬁlculate

bet cl udi ng. 365 a 405 nm 110)

pho% ?%‘gtp%f‘? HOE8 f%‘&feﬂiﬂd#ﬁrﬁgoqné Centaﬁﬁayzb@com@nwe
t he r¢diithie@o thedlét2bhtad lz@'&eﬁﬁrcﬁﬂ’gé? eFREr 8€idBrirs3RE Second types
i ncludi.ng 420 Mh. 111) phot o-radi ati on source

acc8FdrRged Biing F?ﬁ“ﬁ?}@u"%%?‘ﬁatﬁ Al qoimbie te fasexin dive
and céljepatRI IR R bd QftGer Pafs Rhigh Qécayz‘fbglam/e@(éob&lﬁ r&diftion

are. di sposed on flexible "substrates.
phofsoenfli?ﬂ Gemdhe coniveaied pelgwedi ng to cl ai m 111 wher ei n
the flexible substrates a shaped into an optical
geomstry effective for controlling light emtted from
t he”P) drRilofa-fadisfion seypiee asprrding tayclaimodfe vbiiepghe drg@ic Wght
pho 1 mhereln
e o RS P R P P B a0 BB hde il
f | r Brategph preanic syiteesraakdention tireuspaitinatarial. f or
controlling light emtted fromthe plurality of Iight
emtting diode chips. 114) A photo-radi ation source
accd?d iAr@Otoaradiaabmolliéé acfardinp er claimrgy: iwhére'ng tlee orgREOIht

t dj a t ot {
cubi e pRUSHEPSLRRAT B R AEHhe b BaPerilend Bipelvuer
pl ublahd inyludinglan gtganie rinitter hgn@bdaﬁieh & Magtone dDholéMransport

ho d iLon _source cording .tqg.claim103; further
gon%‘rglﬁeéiﬂh%n alﬁcqr 83?[‘5 r@%@ta&f‘ﬁdf%l?l @%‘?%?rf ‘ng |ight

emtted fromthe plurality of Iight emtting

100) A photo-radiation source according to claim 99; wherein the organic light
active particulate comprises microcapsules including a polymer shell
encapsulating an internal phase comprised of a polymer blend including an
organic emitter blended with at least one of a hole transport material, an electron

transport material and a blocking material.

101) A photo-radiation source according to claim 99; wherein the conductive

carrier material comprises a binder material with one or more characteristic
controlling additives.
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di ode chips. 130 WO 2005/ 099310 PCT/ US2005/ 010051

106) A nethod of making a photo-radiati on source
w@ebmsaseri zed by the steps of providing a fiPGI/US2005/010051

pl anar conductor; disposing a formation of |ight

emtting chips on the first planar conductor, each

chi p having a cathode and an anode, one of the

cat hode and anode of each chip being in contact with

t he 192) ¢t phpkarmdiation sulwed weordingits faist 1Y ; azhsxemahkdclﬂfaataﬁﬁtic

con for t on em.ttjn sso
¢ har o eRfing a8 4:8 hTRAL Sk amaritne it o ShiEhngi

t he dedidvant; mfzoﬁdluetu@qﬂlb@de smdondaﬂeﬂﬁ]aﬁé aﬁﬁﬁﬁlaﬁ?\}élﬁgase a
bi ndj rst .pl anar, conductor to the secon

o1 et orchedd bribinSRE bree® B afkestya prhancine Rhigs a fole
f or imgdcting nﬁferlhlL @héle&fﬂntlﬁj bdiBig Gkl WIdvh AUk méthiSa URBkiRY
sol deiﬁ“@g V\A %&i bond .for making an el ectrical and
nmecH4l pn SEen ¢l chi ps and either of
the first planar conductor and the second planar

con t 117),. A met hod of maki ng a photo-radiation
sou ?@33 gé@@?"d‘iaﬂ@“?fbsoﬂ‘é’i fay the selectiyp polnerizgtion efakptoone

f t | t
o s s st L
phofligde supsitor senegabins e @hefed @dlmqmgpe@um elfentivedar the selectlve
whep sl RediGoh bf dﬁfot@}a@ﬁﬁﬁm glu%ﬁ ? %qbgerfah Gach Oﬁixg)%%vmg an

pl anar_ el ectro are boun an a
d| s Fosle ande cqfeeds: @ﬁest elreqatmdean@br@etwmm«eash emde@xﬂ(-he resl)ﬂz@l)Ve

our.ce

to C alg{;iin]ﬁ%fl &EBK& él n %e?%%f@%:ﬁ%ggﬁlc% tWIPﬁeta g“’%g of
chi e regpective light emitting diode chipp mersin at haestfone sf the fitsagladtrode
el r I r_elect e by a binder
rra%qérditg sec%gkgﬁlé%%de?@%ﬁgﬁsg?a%@@%@m 0 ‘51‘5’?5 I‘g_dl ation
source according to claim111l; wherein the binder
mat a an intri al |.
pol T A pRRRRER Bleck Hodor ik Fripinh 1RGSR atyreey of
SO utrhms ae pe:mxzineglyy ﬁ@ed:itnﬁﬂ formatibn (ljay ‘Nlélﬁg Qltﬁezlfe& %?tﬁvegrﬁihe first

ode a e _secon an ectrode are
Do e roft S 18500 Bt sibpos i wbiodpolferar veeiondng

formation of light emtting chips.

105) A photo-radiation source according to claim 103; wherein the plurality of
chips are permanently fixed in a formation by being adhered to at least one of the

first electrode and the second electrode using an intrinsically conjugated polymer.

106) A photo-radiation source according to claim 105; wherein the intrinsically

conjugated polymer comprises a benzene derivative.

107) A photo-radiation source according to claim 105; wherein the intrinsically
conjugated polymer comprises a polythiophene.
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131 WO 2005/ 099310 PCT/ US2005/010051 122) A nethod
for formng a sheet of |ight active material,
w@eb@saeeer i zed by the steps of Providing a fiPGL/US2005/010051
substrate having a transparent first conductive |ayer;
Form ng a pattern of |ight active sem conductor
el ements, the light active sem conductor el enents
havi ng an n-side and a p-side, each said |light active
seml @Ondpbetoradiabome sdurdeeaccordingits bieim 063; Sibefbin tHel phBt0T
sai =side in electrical 0 nication with the
¢ r afra S Berin o agas oA i gdind SBC e lue liht
substrate having a second conductive |ayer; Securing
themcgsggngl subgt ][jate to the first substrate, the other
of sard>RALPERIGHOLsquce J5cfling 1o elaigh HI3; evhprginy thgiphoto-
act radiatiGriedpeANAULhPEs®| aa iR etvibef la&?ﬁlﬁlhﬁﬁk 365 and 403 1un.
conmuni cation with the second conductive Tayer to form
a light active device. 123) A method of formng a
shekl0) of phdteHdiaiién sdusdelacazliny & HRLE] ds%ha%&gﬁg' Aot ©
claim 122; wherein the transparent first con UClpI ve
| ay'@faiIhsRpeiRian cqmprisgs daneemcludingA20mn. pr ef or ned on
the first substrate. 124) A nethod of form ng a sheet
of |ight active material according to claim 123;
wh elrlé,§J rt Phpto-Fadigiomsonrre agepadingity dlamal93t vbereiasha first electrode
congygd [ %‘&H QANESIEs g A nget.hod
of for msﬁgong%geh(g@td gg#é [ gh%'[n%af}:t [ vea{gaa?%?lgé%gda‘gg%lﬂ%g
t o ¥bdiales122; wherein the step of formng the pattern
of light active sem conductor elenments conprises the
steps of electrostatically attracting the |light active
senlilébAdphotaoradiatiansentcs acmrding oatsiel] 1 ehdren te@ detibien

tr ' thr | ight .active sem.conductaor
el ek O e o bPAGE beom Y e Bie S pip g i emited
s u e the plurdli®6 pf Aghtetdidde dibdé chips. ng a sheet of |i ght
active material according to claim 125; wherein the

transfer nmenber includes an opto-electric coating
ef flad) Avghofceradidtivindbmge accprdingttb tRAM AN 2l RedSih 8t 1ebst one of the

ch sald patterned. el ectrostatic charge being 132
HoRite stibtgtel mcluées a%rst opgcaﬁ system associated \%ith it For gontrolling

light emitted fromx the plurality of light emitting diode chips.

114) A photo-radiation source according to claim 112; further comprising a
second optical system disposed adjacent to one of the substrates for controlling

light emitted from: the plurality of light emitting diode chips.

115) A photo-radiation source according to claim 103; further comprising an

optical system for controlling light emitted from the plurality of light emitting
diode chips.
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WD 2005/ 099310 PCT/ US2005/ 010051 effective for

el ectrostatically attracting the light active
wa@eossom3duct or el ements and form ng said patt epPeT/v§2005/010051

light active sem conductor elenents. 127) A nethod of

formng a sheet of light active material according to

claim 126; further conprising the step of optically

patterning the opto-electric coating using at |east

o n e 1 Qﬁ) A nethed roﬁdlaklag e phdiearatiatich ﬁiﬂrdeﬁ@aﬂaﬁ@tﬁﬁed%? WeCsRops of:

sheet ht, active
“’“ 3%% P%P?{gCOP@Cqua 31%?‘1%‘@ a i 9f lighteenpiiing ghipg on
mﬁ nthe :ﬁr? phpriceeiiciar, dwmhtlﬂ B@éullgoa &mﬁ&ug@n@ﬁrtl éﬁwlen g O?Ehf
sne erial accordin o claim
fur Yﬁ&%’:a é‘%dn”g‘f’ﬁ%ﬁ?ﬁf‘ﬁ ﬁ’&%’@g iygonfast With rediist planassopductor,;
pat dlepdsmga séobﬁd f)llaiieﬁffcoﬁldlbﬁfrrcﬁtt 6p erH{au&{jmf oh Wit chi
pat actlve sem conduct or el errents 0 lp?]

ar
P b R hr Ch8usfor 45 S pariar Bt o aon gt theshibedo K
| gdrlo dé 6t davtechiph tbeding! the s bﬂhﬁ%oﬁ&wﬁir% e sé&%d lpfaH{uI her

conprising the step of form ng an adhesive ern on

t hetonfyder to perpanengy mamgin ahﬁf@nnﬁ@ntqf@glst@@nwug slupswm
t 0 b 6sel dfkQlierdy R eoRding3d) nm‘r%kxfgmagctﬂéal %rﬂ{rﬁ{a
al m

sheet of |ight active material atcordin

whefoafagt befyeees theghips andwithion gf the Siast planar @hqutchd atetsemd
senigAPEUMLQS:, €l ements  conprises the steps of formng
a first pattern of first |light active sem conductor

el enents and forrri ng a second pattern of second l'ight

actijye £ d, of

f or i 2 ﬁgﬂh % g %lﬁk %H?/O(lel Srg?a fcglr %’oclladl?lr}g 8 0

C| aWhﬁGIIBQI leas‘q/ame oéihe firdt plahar glecttddg iahd @etseooad planar electrode is
EFr gctor elements emt |ight having a first color

t fie second I ight active sem conductor el enents
emt light having a second color. 133 WO 2005/099310

PCT 005 thod of forn.ng a sheet of
i ght ac]?l?‘é}ge)d1 rrfgr[’éﬂ %81:%6 t’r‘i’é‘ Spyreg F%ﬁomni%tf clamgd @80 n
t hewlerairsthe ﬁrsg pienaa elebﬁk&le&eﬂl taORPoE lane RS 2rEBIuUnd

i %gethep gy %heswe dn 1sposed between the first and second electrode.

119) A method of making a photo-radiation source according to claim 108;
wherein formation of light emitting chips are fixed to at least one of the first

planar electrode and the second planar electrode by a binder material.

120) A method of making a photo-radiation source according to claim 111;

wherein the binder material comprises an intrinsically conductive polymer.

121) A method of making a photo-radiation source according to claim 11 1;
wherein the first planar electrode and the second planar electrode are bound

together by the binder material that fixes the formation of light emitting chips.
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light active sem conductor elenents convert light to
el ectrical energy. 134) A nethod of formng a sheet of
wo p@hnsed i ve material according to clai m 122; PCTHIS2065/610051

said first conductive layer is forned as a grid of

x-el ectrodes; and said second conductive |ayer if

formed as a grid of y-electrodes so that each

respective light active sem conductor elenent is

addressable for formng a sheet of light active

mat é23)ah neatipaldbefophinfg mdkeetarfilighy aatveamptesidl) chtvactettied Yy ale
V%ke . 135) A nethod of forming a sheet of |ight

actl nat erial according to claim 122; wherein the

st eProvidirfenr ﬁrsﬁsgbsirate&hztmga winsparghtfiracbidtetive layer

a1 FORRA Ehlerto R e SRR eding e mene (b it actve

s ementcohdadion elﬁh@mﬁﬁxﬁng dnai-glilé\ghdan 156106 ecHPRALE 1R Padiile
e ttin sem conduct or el enents

second cql or

A PR Hor oo G PR o PRAOLGHbR-ip ptaieinca
eni tmmc@emmwmpmeﬁt%ﬁmom@ﬁyé} first conductive
l ayer Jsforggaa) rid of x- electrodes; and said
PR L B S RS asepqpdsonductiveylayel; of

y- eS@atifiOe secdhd subfithte@S 3 Ar@SB6GateY thelot@Pbe d—é’iﬁe r said
sem conductor .i s addressable for fofm ng a s ?

| i ghreids ef sagh said gt pefiivesepigamdueior dlement iltﬁhOtfg:ahs a

ful ¢oneBifidatibh Wich 8t 86 SHBRn YBAY ;hod
for form r?g a Ilghtg':ééin{ttlﬁﬁéctl gw ce, ? ara%wél?tl&%e IE)e

the steps of. providing a first substrate formng a

fir C [

{ or 11 b ieehiof bl FRe0E b Barkd il EbleBbccording to
pat €@l 22ewhdiein Bo tmnsparhla\ﬁmg:onmnwlaym camgrises @ aahEpaent
Si d&arif R¥fotth ﬁh@ﬁ?&@ﬁbs?ﬁd%ﬁ rate; formng a second

conducti ve su ace on t second substrate; fixing the
first substrate to the second substrate so t hat

eit h th de si d L
hl{Jﬁ? sl@?lﬁﬁl B pER c?[ ?.ﬁ%aépsq‘e& %hﬁﬁt Yeolﬁat\%l ngngfo m 123;
c orrddeecein the tmnﬂphmnte:omdg istuppliddra hdidiee inR0 Béndabigvet he
catﬁggs side of the LED chips is in electrical

conmuni cat| on with the second conductive surface. 134
WO 2005/ 099310 PCT/ US2005/ 010051 137) A nethod for

for h emttl ce according to _claim

13 61 55‘ A etlhocg % forming a s get o?‘\{l t act?ve material gccordmg to c1a1m 122;
wherein the step of forming the pattern of light active semiconductor elements
comprises the steps of electrostatically attracting the light active semiconductor

elements to a transfer membyer and then transferring the attracted light active

semiconductor elements froxm the transfer member to the first substrate.

126) A method of forming a sheet of light active material according to claim 125;
wherein the transfer membex includes an opto-electric coating effective for

holding a patterned electrostatic charge, said patterned electrostatic charge being
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wherein the first conductive surface is forned as a
conductive pattern conprised of at |east one of a
w@ondewsive coating, a conductive ink and a coPCiio$100%010051
adhesive. 138) A nethod for formng a light-emtting
devi ce according to claim136; wherein at |east one
of the first and the second conductive surface is a
transparent conductor. 139) A nethod for formng a
i g bffe@m'a for ielegtrakaubﬂ@ aﬁﬁ@ﬁﬂgdh@@ht actdleaenicbductorvdieicnisn
at one g # st .and the second conductlve
sur “?”é‘gﬁ‘i“ PoeR ; t acfijeSeUcORduetor BemeRist  ang
second substrate. 140) A nethod for formng a

I ht tt d { I
vvlh 2 #é?ﬁmm@ﬁqqg of, ﬁ%&ﬁ@%@%ﬁlﬂ?g'@hﬁﬂééga%ﬂ@swg&g trelpig 126

Pri BirtHeBcdiirRRE theldep)of %ﬁ@llﬁﬁﬂteﬁﬁl{g ﬁl@ro@'tdjae@nc coating using

l'ight- en1tt|ng devi Ce accordi ng cl aim

whe RER#t peed arspw%@sqﬁéﬁ%ald@éﬁ%ﬂ 1 glat satlrcreeast one of
an inkjet printing nethod, a Iaser printing nethod, a
sil k-screen printing nethod gravure printing nethod

and 128)d &rfagthadr effemung asheeiof bght@@ﬁwqgfnﬁf@ﬂﬂ@acorimg}o @aim 126;
met b 4ng device according

to 3@%?%&%%& Sﬂ}?gmmlhbg%oﬁ%gkg§ng the step of form ng
an adhesive | ayer between the top substrate and the

bot t - I 11 - ' :
R s R Dormbitd s el R oo AT oy fing 1 i 122
t he ﬁameemrmmsingylmsmpmﬁﬁm@wmwhdm@mat@m@mhe first substrate

cong a%ﬂle\{ﬁg %%H)ea’?té%%f li C cis . érﬁﬁgl%lﬂ\a(%r e?en%%ﬂ%g lth rstan

i nsu I've~adhesrve
condubstratee pol ynmer, and an insul ative poI ymsr 135 WO
2005/ 099310 PCT/ US2005/ 010051 144) A nethod for
formng a light-emtting device according to claim
136;1361rA thethod offokiinii A ghdehef liphegetiod niatdrial Mgonling to claim

fun enhanC| n a etween the to subs t
| oy P2 AR s SE PGS RS aRaIegt it P ars
f ungibsarte Etndh&ingdhe deamersubs&atlew&me fakt ub@fdte.one of a
re-emtter, a light-scatterer, an adhesive, and a

131) A method of forming a sheet of light active material according to claim 122;
wherein the step of forming a pattern of light active semiconductor elements
comprises the steps of forming a first pattern of first light active semiconductor
elements and forming a second pattern of second light active semiconductor

elements.

132) A method of forming a sheet of light active material according to claim 131;
wherein the first light active semiconductor elements emit light having a first
color and the second light active semiconductor elements emit light having a

second color.
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conductor. 145) A nethod of formng a light-emtting
devi ce according to claim136; wherein the step of

WO e005i09931@ he pattern of LED chi ps conprises t hRCBHUS95/010051
of electrostatically attracting the LED chips to a
transfer nmenber and then transferring the attracted
LED chi ps fromthe transfer menber to the fi rst

conﬂ? tive ce 146 t hod, of form ng
lig eﬁﬂ?‘tﬂ? %Wf“&geaé 6? g aqtige aatgrial @swdmg\tm@m 11

t he“ﬁtélaﬁ&ﬁé?ﬂirsﬂ%ﬂbﬁhvé Rehi¢BRfucRR eRRAr eh@ichi mdTRALESR
ef f ive for, ldlgﬁe atterned electrostatic
ch aﬁé@ actiyg |S?}mﬁ°o1‘t menE COREL light to eleckiicgbensigyng

effective for electrostatically attracting the LED

chi ﬁi and form ng said pattern of LED chips. 147) A
1 dmathadaf forming 4 gheet eftisht agtige materielaceardivg ¢ elgint 122;

C | abvﬁéraﬁ’t@wd Tkt CORRuctiveO I iSfoRbed NE %'ﬁc%’f xoéle%ﬁfzsc %Ild[ shid

patternjng the optgo-electric coating usin
on eS%Pndac@é‘&?ﬁlN% Hlytf dforrmgd anr arid obiyrelegtpodes ghthawgh respective

148jiga8Rb E‘é?ﬁic&fduf:t@f ﬁ'eﬂﬁ % Ia!icqggsa c;r% Séjg Xﬂeet of 11

according to claim1 erel n tran

confitive Bstegal tapghle c@fgr)lctmnnmaa @d)vﬁlcatedfdmplay ngmponent

l'i ght-to-energy device, characterized by the steps of
providing a first substrate; formng a first
con#fiio tA wethod of fumingra slhaet dfilight actiseiinsteriaitaecorfing r digmal 22;

pat sonthecndutlve
pat %vlé{rﬁn‘ﬁfes ?rgf?em% ?‘l‘ o &,‘ §ﬁ°ﬁ eygents
ch awg@ru@ﬂtbfr stépsyod rforsmdga &irstl pattecin af@:et b ngm emlttmg

200 .010051 tor sid
or o%?g:%%&&c%r l‘fg liea %egondf Qﬁ%ﬁ{xﬁo& sec ogg gglﬂahght emitting
co n@umond@tczrlﬁe&mans anab |fotrﬂnag 8 ehirdrpatteimbas iRl @lor bt Rgtting

t he tra t he con sub e so that

ej t#edr‘gogl?uc fié eﬂ?ﬁf‘ éaéé %ﬂé’f’n E‘% d d?}%’l"‘@%ﬁ G-

si ddeattbdeshandsseidi seand condictive L efEin fimied ad 4 g@tc méle&@hes S0
rface an

f t duct
© et Bt e SetidngROlnt A ahla frdomanep et
si def light dctie rseriat opebld G fundioiNg Bk & Allcdlet FHREdIdispRly

conmuni cat[| on with the second conducti ve surface.
componen

136) A method for forming a light-emitting device, characterized by the steps of:
providing a first substrate, foxrming a first conductive surface on the first substrate;
forming a pattern of LED chips on the conductive pattern, each LED chip having
an anode and a cathode side; providing a second substrate; forming a second
conductive surface on the second substrate; fixing the first substrate to the second
substrate so that either of the anode and the cathode side of the LED chip is in
electrical communication with the first conductive surface and the other of the
anode and the cathode side of the LED chips is in electrical communication with

the second conductive surface.
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150) A nethod of forming a |light-to-energy device

according to claim 149; wherein the first conductive
wakaes1o s formed as a conductive pattern conpeT/BEsm05/010051

of at |least one of a conductive coating, a conductive

i nk and a conductive adhesive. 151) A nmethod for

formng a light-to-energy device according to claim

149; wherein at |east one of the first and the second

conductive surface is a transparent conductor. 152) A

nmet (51 | ght. -t o-.ener devi.ce accordi ng
o of o e BegBholug b Bt el R BHEPE SPEE 1o S0
t hewhereinris fustncorsliictive seifadeds foringd i £EREBRe Pattert 88mprised

res Lve first and .second substrate, 153) A method
£ or O 1qattont bF BlooRitE ElRe S RRMIRAS ik a0 Meanguritye
cl aadhedid®; wherein the first conductive surface if

formed using a printing nethod. 154) A nethod for
formng a light-to-energy device according to claim

149138) A erettiod Folb forpiifg light cAREMOCEvER ARokBEStoaih 83%:
one_of .an inHzet Pri Eiti ng, net hod, a aser printing’
rret?{ged,em&t le3st Rng of thedirgs Ay the Sepond eonsiyctivg syrfappis etransparent
pri¢vhtdig@omet hod and a doner transfer sheet printing
met hod. 137 WO 2005/ 099310 PCT/ US2005/ 010051 155) A
met hod for formng a |ight-to-energy device according

t 0 1393 Ambh8d Fof Wiy ey faformng
an o?aesi ve | ayer bet V\%gggﬁt%ﬂe@gg%v{sfg csct%%dz‘?getg c!e% I?ﬁe
bot VASHFIS aije¥t ee of the Eyst andiihe besand omdbigtiveriswdaca is preformed on
|| ghé rek R RRATEY alENb6Rl AGRALI N9 to cl ai m 155;

wherei n the adhesive layer conprises at |east one of a
conductive adhesive, a sem -conductive adhesive, an

I NSWoRtA AVI=E nduct i ve nol £, .asem-
e S A G S S R Y E
netVHseeit e fifso eandugtise burfee iffonedasioy agetipanatsdor di ng

to claim149; further conprising the step of formng

a function-enhancing | ayer between the top substrate

| aylél) dnaethoreldyofotrome s light-eraittingldayies accuvdeip@d Blatah €3 6;

fu el Bﬂﬂﬂ% Rthod comprises at least one of an inkjet printing mxethod, a
laser printing method, a silk-screen printing method, a gravure printing method
and a doner transfer sheet printing method.

142) A method for forming a light-emitting device according to claim 13 6;

further comprising; the step of forming an adhesive layer between the top substrate
and the bottom substrate,

143) A method for forming a light-emitting device according to claim 142;
wherein the adhesive layer comprises at least one of a conductive adhesive, a
semi-conductive adhesive, an insulative adhesive, a conductive polymer, a semi-

conductive polymer, and an insulative polymer.
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| ayer includes at |east one of a re-emtter, a
light-scatterer, an adhesive, and a conductor. 158) A
woredokogh3od form ng a sheet of |ight-to-energy PEWUS®05/010051

according to claim 149; wherein the step of formng

the pattern of LED chips conprises the steps of

el ectrostatically attracting the LED chips to a

transfer nmenber and then transferring the attracted

LED chips fromthe transfer nenber to the first

congugt i I . net hod of forpin )

[ oht 9 A Kl HAGfing AenColinidore aociidihe Bfhim 136:

whefuether op??risingaths fst;ep oféohrbfinég i ﬁmbtﬁniﬁ@xhaﬁbir@élﬁ}@r Bt thé top

co e r i a patterned . .

ol ot ey 8hd 98 piB0rm B B et iscincsion sntapeing

c halaype irthidexpt lanbt one b Mee-bnitted) LI6hE-Otdiel, GA hiesive, and
att ogagl%ng the LED chips and form ng said pattern o

chi

LE 3 160) A nethod of forming a |ight-to-energy
devi ce according to claim 159 further conprising the

oo s 4 Eohad Bt tinBE T cpllinasdevica sesoriiaatn deivs 6 L 2D
|'i ghlterdwthe s@p oft REMME11RO PatAPHTHED Ripé M@éé fid théslof

of formng a |ight-to-energy devi

161) A t hod
ac c%%f’?r{%‘c% Zirang ti’SQJEqD flries o afranger member and timamber
COrpinfBigifg theQftiicid LEDY Hligsy_ﬁ&glq%e. Pdnstek gc%é}bgfctgltﬂfﬁrst

materjal., characterized Irst substrate having a
tré’n‘?g‘%ﬁpﬁﬁ‘“fg‘?efst conductive |ayer; a pattern of |ight
active sem conductor elenents, the light active

sem conduct or el ements having an n-side and a p-side,
eadrok & wethodyef forming ¢ dighieemitimgdierice necotdingmtcldiaizag
el tWiRfei ' =3 i d -side in.electrical
corﬁmrﬁ ne ingtg% ﬁ%irﬁge\fmﬂ%eﬁibtg e {urd géﬁ]‘%npo it g're] ec%’S ﬁ:% ie&gcqvg r; a
s ediglding agatienedielectiostotin ghages said paternsiciiatronarid Auee beiap

ad i Wale n t.r at o the first
Loy 5 SR olN BB R e 57 P iy Sedpem of
p- $EPchigs. each said |ight active sem conductor

el enent in electrical communication with the second
conductive layer to forma |ight active device.

147) A method of forming a Tight-emitting device according to claim 146; further

comprising the step of optically patterning the opto-electric coating using at leas
one of a scanned laser beam anad an LED light source. |

148) A method of forming a Light-emitting device according to claim 147;

wherein the transfer member comprises a drum.

149) A method for forming a light-to-energy device, characterized by the steps
of: providing a first substrate; forming a first conductive surface on the first
substrate; forming a pattern of semiconductor elements on the conductive pattern,

each semiconductor element comprising a charge donor layer side and a charge
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163) A sheet of inorganic Iight active materi al

according to claim162; wherein the transparent first
w@ewdueive | ayer conprises a transparent coatPeQUS2005/010051

preformed on the first substrate. 164) A sheet of

light active material according to claim 163; wherein

the transparent coating is a conductive ink or

conductive adhesive. 165) A sheet of light active

mat adceptbr e ProvitiBg b8eddha kiBskBid; fokmink AREcoR BRIduSHvBGurface
an adhesi ve P ttern forgfqgon the first substrate for
adh&F 5 §e5oRE lﬁ%ﬁ“ﬁa&% fixipg theitipfsubsyate tg dheserand spbstraie sp that
el ettt 6f thecHahe dbros nd b Shdrad &cgﬁt&%de%ﬁﬁ&%;ﬁﬂdaﬁdd&&ht

active material according to claim162; further

conPPT8Tihi In elpetriss] capmuEIcpioTpuith diedinst spndsativsrsurtprs and the
fi 1 stherSofied dhade@ doRbr 2ENRE él%\%eha!&@ep%cﬁf%%%f F]ht%légﬁfc&ﬁfu@to&‘o

the first substrate. 167) A 'sheet of lig active

mat Sements is ardeciiisy copmumigaiengith thesseqoad gondwetivs sufasen
of light active sem conductor elenments conprises a
first pattern of first light active 139 WO

200570 98 pxethopotl fomping & lighigosnergy devicsaneduding to dhipriehdt s

andyRersi . ' Iy .
G o St ) o R R g gompis
mat @frat Igastpoe of aicorductivactoating, 2@Fndushier isk and heonflictive

l'i ghhe@fd i Ve semiconductor el ements emt |ight having

a first color and the second 1light active
sem conductor elenents emt |ight having a second

col pfy: of light active mater] al cording
Co Btk ARpho@ P BTkl a bl ol i FighiecRidye HRER 1.

s enviweinl adeast omé efitha fisst emd the kéoghd caddciReuSRe W Wirdnsg hlent
acnk%gmmaeniconductor el enents convert light to

el ectrical energy. 170) A sheet of |ight active
mat erial according to claim 162; wherein said first

co tjve, .l aver.is.formed as a gri.d of x-el ectrodes;
nd AR Gohinsc b alhuerite fsprtins 1 dotm L

of wheetie atleRti@se 60thé Hat avpBE sdcebPEHduMe sin@itt iArbfoMBed on
senj conduct or el epent is addressable for formng a

sh ?“%ﬁ“yYﬁiﬁt%ﬁfgvgmﬁﬂP%VWhl capabl e of functioning
as a pixilated display conponent.

153) A method for forming a light-to-energy device according to claim 149;

=

wherein the first conductive surface if formed using a printing method.

154) A method for forming a light-to-energy device according to claim 149;
wherein the printing method comprises at least one of an inkjet printing method, a
laser printing meth od, a silk-screen printing method, a gravure printing method
and a doner transfer sheet printing method.
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171) A sheet of light active material according to

claim 162; wherein the pattern of |ight active
wa@eossom3duct or el ements conprises a first pattRCHUS$005/010051

first color light emtting sem conductor elenents, a

second pattern of second color light emtting

sem conductor elenents and a third pattern of third

color light emtting sem conductor elenent; said first

cond&®t Avesthodyfer fotyaingp light-heehensy devige ad:oﬂ:ﬁngﬁa claim 1 49;

eIe ond conductive |aye

For et @hprBe 4 Teh S50y BERNES I W e e op substcats
resg@b@tbmﬁwngwmummilve sem conductor is addressable
formng a sheet of light active material capable of
functioning as a full-color pixilated display

c onpéfehtmethbd Z)r rrhiirghitlighRic-dneRg d@@ﬂéé ERordiipath }4R1 Is5ed

first .substrate: a.first conductive surface on
Do Porbh RGaBERR IR Simpricer bkt g s cofiustvrberiEs. o
conmmomc@mmme ae Mt d6 IR, Elé‘éﬂdﬁ%x%g) ?ﬂ%@'% S

cat e side; a econd substrate a secon
200 5 9 BolpRy BSHEPPYSnduct i ve surface on
t he second substrate; an adhesive for fixing the first
subfga?'ad%I élg t he second substrate so that either of
t he petind forfermine p dight-toreparcy deviedrscomibgdbickin $4Pn
el efithéredinph 8 Ptk i
DAAHITHO G o Ktmith Do Diont bt R b, he top

surf% % e other of t

si db¥fals lpver E"Ebh%hﬁ"iﬁ@ml Sgbﬁtf@teelmwhemﬂl thecfmrmmmemmlcmg
Wi tikyer BRlud

li g% em t%ﬁﬁ&qﬁg\%%gﬁg@} [ ng ?sca?t a’iﬁem\m@’f“@an
t hefopflyear. conductive surface is forned as a
conductive pattern conprised of at |east one of a
conductive coating, a conductive ink and a conductive
adhe8) viemethqdigf formhingtat shestiof tiglgo-@arcdevice @osding td Slaim

cl first and the

e ooy ein MaSIoF of i B baRG o LEbisSios somBtasa e sarws of

17 Secmostatighily-agiracting the Iom clnps ammdﬁeﬂ@eﬁlbelt‘dn@'ﬂl&172
first t d

congtitinf ol SRR b Bom e oo meinbeigo dhe g

fi rcslldlmndasusfmond subst rate. 176) A light-emitting

devi ce according to claim172; wherein the first
conducti ve

159) A method of forming a light-to-energy device according to claim 158;

wherein the transfer member includes an opto-electric coating effective for
holding a patterned electrostatic charge, said patterned electrostatic charge being

effective for electrostatically attracting the LED chips and forming said pattern of
LED chips.

160) A method of forming a light-to-energy device according to claim 159
further comprising the step of optically patterning the opto-electric coating using
at least one of a scanned laser beam and an LED light source.
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surface if formed using a printing nmethod. 177) A
light-emtting device according to claim172; wherein

w0 b@sp993mi i ng net hod conprises at | east one OPCHIS2005/010051
inkjet printing nethod, a | aser printing nethod, a
sil k- screen printing nethod, a gravure printing
met hod and a doner transfer sheet printing nethod.
178) A light-emtting device according to claim 172;
wherei n the adhesive |ayer conprises at Ieast one of

t he sub and bot t om,subst r at.e

o ab DR A reRed B ies helfar S SRra i et Sl fs
the“&éhﬁﬁha&mkﬁyﬁmnmeamnqtsasuﬁﬁxﬁeast one of a
conducti ve adhesive, a sem - conductive adhesive an
141 005/ 0 O PCT/ US2005/ 01005

L abh, B2 aT el Getivs Basil, A aciarad ' S BHLLE T Gaheving a

pol ylﬁmparemsmnducﬁwlaﬁdﬂ VatR oMkt adke serAiconductor

light-emtting device accordlng to claim172; further

conﬁlerr@mgth%\h AtV spicdHgAESlFm enls Paying &t usids apdiaPss

Subghdhahid HoBYRfiveRMidoRGudRR el A EHRAS d@r of AMBI-side or said
wherein the function-enhanci rh? | ayer i ncludes at | east
&

one Potdedn electiggl coramunigation;withythe ghgpareat condyctiyg laver; ¢ second

and s@ysaaRauah dé’& secé&laond\ldu'vgﬁ erl 8 GIREIY sEfYihE fre second
characterize first substrate; a first

c ondehstrpigdo &@rﬁr-ﬁ éebsmte soihat the gthex ghsaid arside o saidpisisderef each
of ﬁﬂhgllﬁré tsQﬁncSﬁcﬁf&ﬁ)? bRmRA in El@%hfc@%%ﬁﬁﬂ@aﬂ@ﬁ%tﬁ e

eac uctor el enent conprising a arge donor

| ay&¢cond d@ldameéaymarfg@ alightpetore dgvike; providing a
second substrate; a second conductive surface on the
second substrate; an adhesive fixing the first
subd6t3)ateshedt of tnhmasie g deswehstermlacswding &t cleint Hedx, whérein

¢ heﬂfé%a%)%{e%?ﬁl% co%&in‘xQ?ag&%%h%ﬁseéé‘{%%sﬁ&en dogt%g Cpaetat%lt}ged

sem con or e emnen comruni
W t bon thedirftisnbdtrateconduct i ve surface and the ot her of
t he charge donor and the charge acceptor side of the
sem conductor elenents is in electrical comruni cation
W t h6Hha shest ofitight agivel utitdrivieacserdfifee. clalifi2)3 Awherein the

i gh ner Vi rdin I 181; wherein
thgtrprlls‘pt tgrtegt c% t%}/g lggcon%%ct%/%%accgrco d%guv% a erplve.8 ' ere

165) A sheet of light active material accordirag to claim 162; further comprising
an adhesive pattern formed on the first substrate for adhering the pattern of light

active semiconductor elements to the first substrate.

166) A sheet of light active material accordimg to claim 162; further comprising
the an adhesive pattern formed on the first substrate for adhering the second
substrate to the first substrate.

167) A sheet of light active material accordirag to claim 162; wherein the pattern

of light active semiconductor elements comprises a first pattern of first light active
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conductive surface is forned as a conductive pattern

conprised of at |east one of a conductive coating, a
we@eewdueiive i nk and a conducti ve adhesi ve. 183pCHUS2005/010051

light-to-energy device according to claim181; wherein

at least one of the first and the second conductive

surface is a transparent conductor. 184) A

| ight-to-energy device according to claim181; wherein

at | east. on j ceeOahtactopduct i ve

suFFEERqY tog?lg%lgﬁrt%éi %grel&?ﬁg% {riggtgg% i vecg?i rst and

s egan@oxdvomt elatents. 142 WO 2005/ 099310 PCT/ US2005/ 010051

185) A light-to-energy device according to claim 181:

wherein the adhesive conprises at |east one of the

t o[1 68} Sdhediot lighdctiveendsesiat apeorslingge claie] 671 Sbprem the first

l'ight-taq-ener devi ce rdi lead Y Qiceidn

t hehchites SO YT S Rl Be SRy Ut e

congHedciveseanbvadicie elemessremidishtheringwecahedre, an

i nsul ati ve adhesi ve, a conductive polyner, a

sem -conductive polyner, and an insulative polyner.

187)sof ATBchiast liglt abfvei agerial hdcghlingstotclaire 16Tadrerein the first

characterized t he st eps of.. ' [ active
sedi%b%&%iwcoé‘fylmrﬁl?nq“ﬁtegmg}ghg ec??éleg(g}dl l{gmﬂg}%l ul ative
et i @hduciiefbnieh@ Rbnweatlighteo skoiricaredergy. or el enent s
each having an n-side el ectrode and a p-side

el ectrode; Providing a bottomelectrically conductive
su (r]I fﬁ)ﬁ ea g&egégﬁfgﬁ{%nl Ve Ihfjtelw @cdgfdéﬁglm_ o(lja_ims b2leviera said st
and the p-side el ectrode;, and_Proyi di to .
co n@hmdtlﬂgé layeryie formpd %Sc?rﬁréi]c‘taf ’ﬂ?ﬁl?qqo\fif?ea@t%ﬁ@rs e%ﬁldtcﬂréductwe
n- Siag& é@ﬂoﬁﬁédgpg dGrid3R§lelebodes 56 thar @kietpeotie livht ddiat one
of saird n-side or said p-side of the |I%Elh. CLLVE i orial
semsepoemiductor eleshastis g dressadlp for dpraning 3 thpt ?)ﬁl?ﬁ?vc?é?ar on
Wth t [ b oméentt hat t he ot her
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n- si p-side of each said |ight
active semconductor elenent is in electrica

commni gaf | b K t.080: 88 ¢ dldimaAlclywhaein theataitora
sumgeg S&%ggflgh%uh%%aggalﬁgkirngga I i ght :zallvc\:]t [ }%e sqee]t
ac c of lighn getive sephiedndudiB7elemins eamprisere first pattern of first color light

emitting semiconductor elements, a second pattern of second color light emitting
semiconductor elements and a third pattern of third color light emitting
semiconductor element; said first conductive layer being formed as a grid of x-
electrodes; and said second conductive layer being formed as a grid of y-
electrodes so that each respective light active semiconductor is addressable

forming a sheet of light active material capable of functioning as a full-color

pixilated display component.

172) A light-emitting device, characterized by: a first substrate; a first conductive
surface on the first substrate; a pattern of LED chips on the conductive pattem,

each LED chip having an anode and a cathode side; a second substrate; a second
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electrically insulative material conprises a hotnelt

material, and further conprising the step of applying
wheas/0ga3d) pressure to the | am nation to soft enP€T®ES2005/010051

hotmelt material and enbed the |ight active

sem conductor el enents. 189) A nethod of making a

l'ight active sheet according to claim 187; wherein the

lig J ' I Irrent are.l i hte tlng
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she &hrfﬁdéﬁ@fodhétgastdboﬁﬂtﬁin% ﬁe@t@m i8éd oflafRast Sh&F onductive
enbeddi ng co rlse e step ornmng a
pr ef8fEEN} afowelvq adjgsiveact i ve
sem conductor eI errents 192) A nethod of making a
?rB% e sheet according to claim187; further
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optically stinmulated by a radiati on em ssion of a

first wavelength fromthe |ight active sem conduct or
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light active device, characterized t active
semilEs Aerithe s3cond eqnghetive serfse ttcné@fotrm nethe eelsms:twa firad dng
I nsybahi VidhspREerial, said light active sem conductor
el enents each having an n-side el ectrode and a p-side
el ectrode; a bottomelectrically conductive surface in

contiagy AMghil erﬁfﬂt‘?ng‘?fev g@ &c&dﬁtgqg c gj %%reﬁﬂﬂe S conductive

p- si de el ectrode; con
conﬁﬂ&ceﬁfﬁﬁnqdh@metawemﬁ@fmﬂh@ n- si de el ect rode and

the p-side electrode so that one of said n-side or

said p-side of the [|ight active sem conductor

el ed@nt 4 light-¢mittiigalevice aabrdmgnoraine H12; ovhessirt the phting @pthod

comprises at least one of an inkjet printing method, a laser printing method, a silk-
screen printing method, a gravure printing method and a doner transfer sheet

printing method.

178) A light-emitting device according to claim 172; wherein the adhesive layer

comprises at least one of the top substrate and the bottom substrate,

179) A light-emitting device according to claim 172; wherein the adhesive layer

comprises at least one of a conductive adhesive, a semi-conductive adhesive, an
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with the bottom electrically conductive surface. 194)

A light active device Iacc_ordl ngttoi ;: alcgnn%??,se\;\h:rel n

[ I i nsul ative mater
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19 sylsviaﬁvegaldhesiyct 4 conddeive pelyaRE asethl@nli@: it Bblndd3d an

whegei 'b%l;JrAtht active sem conductor el errent § are

[i emttlng 'diode die. 196) A light active device
accordl ng to cl al m 193; wherein the light active
5%6 £ gents are. light-to-energy devices.

197 ‘%Fé&f’?!éma&@?lm Hg: fusther comprisiag p
Wﬁmmm% 991 beOgenhe o] 8ybslrb@ oAbl Moo substrate
uct.o ements emit a first wave
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serhghesnzitta*eg@n adIRBRE ad 8 Bdddugosecond  wavel engt ht of
radi ation. 198) A light active device according to

claim 193; further conprising a phosphor in the
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el eleddindtdive Phiterh, el seﬁﬁcoﬁd&?o?%ﬁ%eﬁ\@c\é%p%& § Q cha%gesdonor
layer side and a charge acceptor side; providing a second substrate; a second
conductive surface on the second substrate; an adhesive fixing the first substrate
to the second substrate so that either of the charge donor and the charge acceptor
side of the semiconductor elements is in electrical communication with the first
conductive surface and the other of the charge donor and the charge acceptor side

of the semiconductor elements is in electrical communication with the second
conductive surface.

182) A light-to-energy device according to claim 181; wherein the first
conductive surface is formed as a conductive pattern comprised of at least one of a

conductive coating, a conductive ink and a conductive adhesive,

183) A light-to-energy device according to claim 181; wherein at least one of the

first and the second conductive surface is 3 transparent conductor.

184) A light-to-energy device according to claim 181; wherein at least one of the

first and the second conductive surface is preformed on the respective first and
second substrate,
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185) A light-to-energy device according to claim 181: wherein the adhesive

comprises at least one of the top substrate and the bottom substrate.

186) A light-to-energy device according to claim 181; wherein the adhesive layer
comprises at least one of a conductive adhesive, a semi-conductive adhesive, an
insulative adhesive, a conductive polymer, a semi-conductive polymer, and an

insulative polymer.

187) A method of making a light active sheet, characterized by the steps of:
Embedding light active semiconductor elements into an electrically insulative
material, said light active semiconductor elements each having an n-side electrode
and a p-side electrode;

Providing a bottom electrically conductive surface in contact with one of the n-
side electrode and the p-side electrode; and

Providing a top conductive layer in contact with the other of the n-side electrode
and the p-side electrode so that one of said n-side or said p-side of the light active
semiconductor elements is in electrical communication with the top conductive
layer and so that the other of said n-side or said p-side of each said light active
semiconductor element is in electrical communication with the bottom electrically

conductive surface.

188) A method of making a light active sheet according to claim 187 ; wherein the
electrically insulative material comprises a hotmelt material, and further
comprising the step of applying heat and pressure to the lamination to soften the

hotmelt material and embed the light active semiconductor elements,

189) A method of making a light active sheet according to claim 187; wherein the

light active semiconductor elements are light emitting diode die.

143



WO 2005/099310 PCT/US2005/010051

190) A method of making a light active sheet according to claim 187; wherein the

light active semiconductor elements are light-to-energy devices.

191) A method of making a light active sheet according to claim 187; wherein a
first portion of the light active semiconductor elements emit a first wavelength of
radiation and second portion of the light active semiconductor elements emit a

second wavelength of radiation.

191) A method of making a light active sheet according to claim 191; wherein the
step of embedding comprises the step of forming a predetermyined pattern of the

light active semiconductor elements.

192) A method of making a light active sheet according to claim 187; further
comprising the step of providing a phosphor in the electrically insulative material,
said phosphor being optically stimulated by a radiation emission of a first
wavelength from the light active semiconductor element to emit light of a second

wavelength.

193) A light active device, characterized by: light active semiconductor elements
embedded into an electrically insulative material, said light active semiconductor
elements each having an n-side electrode and a p-side electrode; a bottom
electrically conductive surface in contact with one of the n-side electrode and the
p-side electrode; and a top conductive layer in contact with the other of the n-side
electrode and the p-side electrode so that one of said n-side ox said p-side of the
light active semiconductor elements is in electrical communication with the top
conductive layer and so that the other of said n-side or said p-side of each said
light active semiconductor element is in electrical communication with the bottom

electrically conductive surface.

194) A light active device according to claim 193; wherein the electrically

msulative material comprises a hotmelt material.
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195) A light active device according to claim 193; wherein the light active

semiconductor elements are light emitting diode die.

196) A light active device according to claim 193; wherein the lLight active

semiconductor elements are light-to-energy devices.

197) A light active device according to claim 193; wherein a first portion of the
light active semiconductor elements emit a first wavelength of radiation and
second portion of the light active semiconductor elements emit a second

wavelength of radiation,

198) A light active device according to claim 193 ; further comprising a phosphor
in the electrically insulative material, said phosphor being optically stimulated by
a radiation emission of a first wavelength from the light active semiconductor

element to emit light of a second wavelength,
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