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LED lamp has a pair of leads, which can then be soldered fo a printed circuit

board. The cost of forming the lamp and then soldering the Jamp to a printed
circuit board is a relatively expensive process. Accordingly, thereis 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
uliraviolet LED lamps can be used to cure photo-polymerizable organic materials
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system, increasing the overall bulk and cost. Also, the lamps have refatively short
service life~times, typically around 1000 hours, and are very costly to replace.
The fight 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-
polymetizable organic material is hardened at one of the peak output wavelengths
of the mercury vapor lamp, ta increase the polymerization efficiency. This peak

3
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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.




service conditions, power efficiency and |ight out put
potential of the lanp. The bulkiness of the plastic
|l ens material and the need to solder or wire bond the

I 005{9%% to an electrical power source ""in%ﬁuezoosmmom
em ssrve source packing density and the poten

output intensity per surface area. 4 WD 2005/ 099310
PCT/ US2005/ 010051 There is a need for a
phot o-radi ati on source that is energy efficient,

O o g o (o peptiote AN s054 ek o bTAR, Gnerpte s

at t errgteé’ gé%@ ﬁ‘?&#“ggﬁ 8 aiTpY Apeciym of digtion epuwsion.; Fasse

(|_ E EE)SDS @éaephaumpwmdsmmslm}m qfifting Msualglnys (UEDBSA photo-
g(ﬁ.j:gse ness

sourc es plC a?’s@%qh%%t'?gf ge 5?'%%@’ i?ﬁﬂi‘We‘iad’aﬂm

si zed s@ﬂ"@s o typighl LEBronsistswnf a snlprtnillimeter si4ed Wisio$ light emitting

el ect miafeRbhll thatGPAREEdaffcdnfochil Rooftl 174 BOfiSa Jl%dt}nﬁ‘ %@%?&E"{iﬁ

| ead. dThe di e i.s. encase
mat er {9115 EATRd Witpin &Wﬁk@d@m&qma,mammm

dic ﬁ a{ect.m lgsaﬂatmxthfm St ﬂﬁﬂt rediSud £41 g@ﬁfgﬂ
sopni | e no ue (0] e ver | Z e
t he LE’E? ‘8?}? Véf’t} PFPld&JIIFS F%Y gﬁv@bm EtﬁdeWrrw:ue

\?M_r ?gt & gugg‘p@e?n%??that (aogﬁhen sol der .

LED | hwphemrsaiﬂer drovire ts:oﬂea!emtomamt Bnab;bﬁd&‘&nﬁﬁ&ﬂo am;e a

phot or Faa Pt R G Rol el pieale radine ”

materials. This solution |s far fromoptlnum si nce

over Bl o ot o R s ot oo R L s

| 1 st of
is a &ﬁ)q Wﬁ%ﬁ@ﬁ%ﬂ@@@n sopneerhigh. {There isaaeed foea
Ezﬁsbﬁﬁm‘“ o fhrcrsorter G e ool eflius
conneﬁﬁ%"r‘gﬁg&%@ﬁ fhﬁﬁg g wirghonded qeprastiasrbetwreen di anods
Such cw;«mmﬂm Sublusesysiéin @bl Giveiih eficRniBEiabiBgs
densl‘:&,}‘Ah qgnag? q gﬂ [ i‘?’n j Mhot -radi ation
sourc VI ng 5 o) ﬁﬁ"ﬁ FABEOVR t
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teaches a device and nethod for form ng a transparent

el ectrode over the light-emtting
Wantanabe et al., published patent apphcatton US2004/0195576A1, 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 riicrons,
The reference states that forming a transparent electrode on a semiconductor
device 5o 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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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

7c) Applying an electrode paste to the opening portion and the resist fitm

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 connected.

There are variations disclosed to the various steps and materials used, but in
essence, the same curnbersome PCB-type processes are described in each of the
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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
charmels 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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teaches a nethod for manufacturing a nonolithic LED
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mzanon of photo—radlahon-cmable orgmnc matetial, Itis yet another
object of the present invention to provide a method of making a light sheet
material. If is yet another object of the present invention to provide a methocd of
manufacturing an encapsulated semiconductor circuit using a roll-to-roli
fabrication process.

The present inwention 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
for solid-state light active devices. It is stil

3&@%@0%;0%%% ect of the present invention to ppaViERo100s1

radiation source for the selective
pol yneri zati on of photo-radiation-curable organic
material. It is yet another object of the present
invention to provide a nethod of nmaking a |ight sheet

Fﬁb:glt on'vt f)heﬁrisop%ﬁdamaniemﬂ] d gfﬁﬁ%nlgﬁﬂ% acturi h&e%ﬁs LED
encapsdlllﬁ’ 5‘?8‘&"’@8#&‘3&3@?&‘? a‘ﬁﬁ"?‘ L.y ThefFDdie each has a top

rol | - teleciragleland  ubitdrs elbdtrode. pﬁ&ﬁ%?spaﬂ&&ﬁsuﬁétﬁ&ﬁ@ﬁrﬁvided having a
o e B 1St s
el ect diedinsegted batwigen the dectiivallpemdicivisunfibetnd theArahig sk t

8 WO 263 g,zg,q Uag095 . adhesi ve sheet. i s
provi ded.&%igﬂ t g?gﬁ/e semé‘gﬁ%g%lgfﬁg’ er@ﬂ%?ugsﬂ’m
LED dPessuss;ralles gysaerm igmeltihe hatmplo adhedive sheth ai dleptrichilyeinsulate
The L&k HaEthen fatedo s‘gﬁ;{r&gegé‘ﬂg

el ectrg,ge.1 A ﬁéaugr nspglrgggttt%u strate | sh%'r!%\?%g%gs

havi n{ fhe ‘ﬁa ’Eﬁ@%ﬁ%i&ﬁé@%ﬁmﬂmmm ¢lectrical
gg?\jz. . Iec:.tri [l v condu?ﬁ@sﬁ?%‘%@%ﬁ%ﬁ %ﬁg&ﬂm
trans g‘g‘i“tgﬁ?e“ c%h%ﬁ?%‘é‘x Fopact with the glectiically sondugtive gacface of
ThleI | Berbeftomi mbsti'we.r'ﬂh'us,ttl’wpﬁgfnsid&wh LEDHﬁ?qiéJh ilﬂ)ma%cally
rolle &5k ne, hot t esi ye sheef an

el ectlrgl cal ly I ngoﬁg%ngﬁan%y%iaﬁrr‘gé]fh@%%ﬁ"émﬂ%'tm

t he bbER dinisweapsulated and'securbd bétweanahe subsivates inithe flexible,

S0  entlels diesive SRodt o5 TRAIHO Uil Ynd DR Lctt BF o 2P it e

el ectrode_ conmes into el ectrical
t r ansyaieddad LERdigk wd\tee top gubstrasé canlbe ptovided edosils afneateriul

the bm&amw&:@@ém%@m&qﬂséoﬂﬁaﬁ&s%@sﬂ' ¥ ALbising ;
W th 21t‘ﬁﬁwe.gal ct r}éﬁ Hé conductive sur ac%&%fprs%ﬁgé fng
botto ?l? §j;?eé? .a’F‘H E’,”e’f"ﬂe p and n sides of each LED
die are automatically connected to the top conductive
| ayerpan bot t onductive surface, Each LED die
is encapgnuﬁlg&é%fea %Péﬂ%m e\ phigh yidd, lay sest; yell-
t he ftheoll fbricationgdrondss. Appliemitiaveioein thetlstice arlil@cifd &fam
subsgﬁ ﬁ'arpt . dhesirve %with t he enbedded
D ool ard MV s B MR St o ongirt rSioRg Fire 119
r ol | $hesvs phatossaphsl of working prototypes constructed in accordance with the
inventive method for manufacturing an inorganic light sheet, Figure 128(a)isa
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
lighting material. This sinple device architecture is

r ' ptable to a high yield, |ow cost,

t‘g-a%(ls?{'ggg@ri cation process. Applicants have %&rbszws;aloosl
the device architecture and nethod are effective by

maki ng many proof - of -concept prototypes. Figure 119
shows phot ographs of working prototypes constructed in
accor deER) endw battomisubstrate/ EFQ coated REM.oBighrer128(c) is a photograph

o h%%‘%% AU plogtof il flypo S 4 b o

pr oof - wa:fbh@epporﬁm%tlm vl mmlmnbetwmnéhe sebgiratgs to

shows ﬁﬂnﬁ?&s&}iﬁ‘) Q’iéﬁfeﬁﬂ FEH?J
enbedded | n ae slyleet hglme adhesi ve, the L&Ig di e

bei ng H‘M"’é‘ﬁ?ﬁcﬂtﬁ@’% SPaBtTYSHPTS this Rpipghovs e assembles |y
is a]c ph;ﬁf gt dpihg pmm@umﬁd&amnﬁhﬁpm%n_ \tateahsh_ hotm%lt sheet by
pr oof - of = cqnc ro e construction, this photo
shows 'Pﬂ%" q’l%%‘@gﬁ%r???%%% | ayers - active |ayer

sheet (LED die enbedded in a sheet of hotnelt

adhesi

005, lsas bRl AR %&‘%ég’lfmﬁ&@?ﬁ%ﬁ'ég"é%% g LED dice
subst realsthfqugicthe adbesive sty therpp) dectrode eqmaes it e]actncal contact

Phot 0GkidfiHe tranblAnd GndildRiv Bivertlf 18 usiisuba&mmebmmamoaa
proof - of - concept. prototype”construction, this

shows SRS inforlegtricdl pantact yathithe W&@Y\M"P‘H“’FW@“MPGEW bottom
| ayer sk i p e SIS ohh LEDMUSMS ARl onvecicd o

e AP cosucein ek i o o liries ipbee oo Pl

phot o mhmlmlytehapmmd’ﬂnd thehoteltathesine &gl thesupsteates. dIn

by e TRLETRIL R Ben yatibiny Bl KR B s S e

di sc O\ﬂﬂﬂb&, hotraelt adbesivi ghért lager| tFlsinela’JtS(@)ss spifotographl showiing the

LED d' )
el ect:rode COMeS F‘ho? gﬁg:r%%ﬁp?%gﬁ dc%’ﬁ}g?g?ﬁ"w‘m{'@ of £fblarity

t r ans paf ghting whtherllpw &-ED, diey leﬁaﬂepphmm@c

t he bgld esps@icRa Ha%f— oo rothiySe bRl @hplicd alvolkigs bfmhb
W th the el ectrlg[% conductlve surface of the bott om
subst roEpesite ge| LED A%t each LED die are

aut omati cal ly connected t o t he t op conductive | ayer

and the . QONhRE Wik ROMELLr o7 3 LSS Bivenios, b meod A 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-gide 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
each permanently secured between the substrates in the

f‘kséb‘%hg%’bdmt nmelt adhesi ve sheet |ayer. Fi gurﬁcﬁa%@mmm

graph 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(0 is a photograph show ng the just constructed

pr oof Tk ekarcEH inslabvOddiRivo DVIROhSRM hdide Rmihdge Of
glih: oﬁ% S%tgi‘ﬁla“ty gr&-ﬁlb gt u the rggw%sED and
i nvehtﬂmmns;agembbnﬂdctﬁklaﬂ%f@m&lhh@hton ambbttém&hﬁﬁisulaﬁve
r I r

Conu ozl SR 5 85 Fnde il op b to the

i nsul zbmtme suhdh'a’@l Tbe queslmmded Huisifgrivied socthaheither the ni-side or

fﬁ? gl ectr| cal y ﬁ%%%eswe %t@%ﬂi ed to

act i vEonaypieatiewm withfhe epndugtive layey of @nfqnsnbsdv:eam 80
a A Shetlhe offied 8Pthb h31S Bﬁ&t@ﬁisxdé Hpéaat ik Rgtt %ﬂé\%ﬂ&ﬁ@uctor

havi ng, a trans arent conductive | ayer.

2005/ G TpEn Flebend somymaiestion with.the pleetrigally: egniyctive surface
i nsul afmvaoweﬁtmhamhﬁ@nyhecdvbabﬁcea%w&dmmw:m the

b ot woSHFSRsVesr . R idss SEeAet 0P 58 s acspsioall qoeneeted snd

t Ir an f paintziried ¢ Wb redpetive tomag«:] bctttbnt @hﬂﬁomrJ @Pﬂpfbﬂy sedringl¥@ch
ec a | 5! v.a

gl ect rrLl ca +yst+§%%g%db an 8°‘t“8f3 1S} s?'ﬁ?&yﬁro

the bottom substrate. The deV| ce structure is thus

for meeng BotoRAiatRindtd fe diddi ﬁﬁélﬁu cﬁ+ g ean
light active sem con o emensarelnee r1ca
c onmu AP ewyidedhasyyegpectivedolisrof matsriale This cnables theibottorn substrate the

the t @RotEe &gﬁtﬁveﬁﬁ&@%ﬂﬂ@m%&%wm%éﬁw the top

n-side or t -side of each the I ight active
Seni SIS (Eother i AooTRuBHS £ol) biiqaiion prpeess. I s noted that these

conmuireablisie Wil that 46 Bocads & Forifsiting thexBokd baic

of the_bot tomsu?str%’gﬁmﬁo forma Ilg_B]tj actllﬁve gew ce

in actBt PSR Invention.
si desumbmpli inhererfly adapeibleah high ﬁelﬂmﬁtﬁﬂuﬁﬁd]l-
Tl " L0 Futi ot Ao BB G s o WiasihBfo D) hT i SRS

conpl etely securing

In a preferred embodiment, the electrically insulative adhesive comprises a
hotmelt material. The step of activating comprises applying heat and pressure to
the lamination tp soften the hotmelt material. At least one of the heat and pressure
are provided by rollers. Altematively, the adhesive may be composed so that
activating it coxmprises 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
el ectrically insulative adhesive and the top substrate

egggﬁf,ﬂg@g@#ovi ded as respective rolls of nater*)gi‘mszmnﬁom

e bottom substrate, the electrical
i nsul ati ve adhesive (with the LED di e enbedded
therein) and the top substrate together in a
continuous roll fabrication process. It is noted that
these three rolls are all that are necessary for

f or mi t hasi ki ng devj, truct i _
nccor Sieeltaftin emgbaiat Sltiesi 7 b F, ssting iof i 8ot s
ﬁ nc g npdedlityedoaminesdially aailokte from Ecﬂﬁwlﬂwl?fomﬁm.amaiMVe
| S .- .t 0-1Ql abri.catl on

t eonnpertbpblenlbR sy of i ¥ i lionaltd B i Bbrey

t echniepines, su¢ires solpraell devices] Txrxbakeliwhiselight,! snfirst portion of the light
el eCt b8 ldpbodRadihr Hiduibfi BORE BlsY Ge b Eidon R A5kl
materi al . e step of activating conprises applying

heat Befdonpiielighbagtiye septicondugior elementyeniba sesprdwaveleagth of

hot et ddighBi, eAlchatively, yi i Lk BioBRAbIR A emitting
pressure .are provjdéed by rollers. AIternatLve%%f t he
adhesHR digsan B POYKpbREEPPEProResions fqresiee Parged pite light
cglrrpr hmﬁagdﬁ. IDéffisbrs Gﬁﬂae;ilfcllﬂ?i%thatﬁdheﬁ_ lo€ive,(sBbdirates or as a
silicone adhesiye C c.reaction (e.g... epox
and HEORRRE DS 8 i aten bt S 5 bt s ity o
pol ymanfagglhesi ve). 11 WD 2005/ 099310 PCT/ US2005/ 010051

The Iight active sem conductor elenents can be |ight
emtting diode die such as is readily comercially

avai | Bhs dectricolly igsintivesthesivesan egn hotindltesbeet Tigerlal, gih as that

act i ; t @W Rakvk Y&k
add: ;/%glr[]a Ey&g?q#i&é%%qc?!gg’ener ’%;‘/@C@F sucﬁﬂggoégg %rr
cel | ¢lepenisaan by prerpmbedded intethe homelt shgettbefore thestep iobinsasiing
t he : thg btlhest e i@?éhieétd%eﬁ%&l_ o 'ﬁQMQﬁ&@d i IBQEIE%FJE% Kotinbl %ﬂlte.éqticﬁﬁﬁave
wavel en of. radj ation,apd, secon ortion of the
|1 ght 1 demicenductos deioes pibeAded plE s oshal Attinle ewbeddme lines
wavel mgh{pé%igoﬂrt&d&lﬂh%xflﬂﬁon&ﬁl _ .ﬁwﬁummadj i WeinDQa\gtHeiliﬁﬁlt
emttin e an ue Light emtting. i.e_can
be. prisperEmteRI i st B op e St Eim e oo ey
WSS aprisegrarr iy b A
the. s e ERIck uncdl HEhLR (B3 b ocfond OBl Fleer
uni f ciftiates leleglrostptic drum, and transferring the predetermained pattern onto the
insulative adhesive,

The predetermined pattern of the light active semiconductor elements can be
formed by magnetically atiracting a plurality of light active semiconductor
elements on g transfer member, such as an optomaguetically coated drum, and
transferring the predetermined pattern onto the insulative gdhesive. 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
Bem s Associates Shirley, MA. The light active

S‘gﬁ]&gﬂ%fﬁgﬁﬁ eI enments can be pre-enbedded 'E«Eﬁu&f&ﬁsﬁ)m&

eet before the step of inserting
Adhesi ve sheet between the substrates. In this way,
the hotnelt sheet can have the sem conductor devices
enbedded off-line so that multiple enbedding Iines

C?Qdét rm)cgﬂv ptecfﬁgﬁ%%tehe atOroaglct ive . %

IEsJ em COMP é?@hﬁﬂ%%m@y Tasthis sase.dhe prgdatermingd

E ot mlsl pattedndeformetive m&d&gt t amrramdnmdrexeri@aﬁoh?rlamgt@d
e ur al i of i

a%:/t i v%&%ﬁ%‘% 48% %%%%M?‘H’ﬁsf e?/ menber | |

simlar to a laser printer electrostatic drum and

et o e Ei i Sl oAkl G ol Pk, |

l'i ght %dqm@@@mabm@tﬂ@rpamobmwolmwwer tofomd by
mgnetwﬁmﬁvemtmmmwm; yB&il A

sem conductor | el enents ransf er , such as
an optORegHRe Yithgpspectt Yﬁﬁﬁ*’lﬁm‘é“‘mﬂr mm‘ﬁ highet he
pr edettﬁﬁdﬁcﬁ@dmﬁ atteﬁfdan moﬁnetdfbﬁat bt oAb bﬂtﬁeaﬂuﬁﬁﬂﬁmm

e c ORRBERPUHF BhERveng aretee [P wes st G fomerste

PCT/ USEfiipsciidd @bdach liglit aglive semicdndluctondleridntk and pl ace
machi nes. O, an adhesive transfer nethod, described
in detail herein, can be enployed- In this case, the

pr edetTde gleritiehllp sandeative susfadeandrthe eltactricallynohductivepatteinenay
semi ¢ r “ﬁﬂ@

adhes %\B/%H?%%ées?laﬁg%%él y g?ﬂt- %?:%gu%%e& Ve. nﬁ%ﬁﬁlﬁﬂ
t r ans pightagtive semigendustercelemggte for fommihga fisplmed by printing

a transparent conductive material, such as ITO

parti s.in a pol bj nder, to form conductive

i ght fH&m%% vidof el LI R fepabi ofieniting different

provi dmeléngmsof:mnmtmapm;:mdanlﬁ EED coifibihédWith a vell

active ctar [Le ve conducti n

i ne %%Stﬁ'&‘ﬁﬁgyﬁ%‘&?ﬂd @ﬁ%ﬂ%ﬁ@agg“&@h%wf?@w%

subst rbaﬂmhamdleyhmgeneratmganorangehglu 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 Jamination, 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 emmit light of & second wavelength (e.2.,
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
light active sem conductor elenment. The electrically

cond ive surface and the electrically condugti
p‘gf’ﬁﬁﬂﬁfr”ﬁi‘y : Pé’i‘tﬁ?zéurislmaooﬂ

conprise a respective x and y wiring
fox selectively addressing individual [|ight active
sem conductor el enents for fonaning a display. Color
i ght can be provided by including LED capabl e of

2t ed o e o eN 6 ooh Wbridutiod b d&sBibel KRR e
ared emtti combi ne . yellow emttin
D wierse YRR i be et 1o abind e hetipe dsids, ¢ ire. o
w | ﬂ@lﬂeﬁmeg}&mdl i 'ce,la_)ﬂe:tiltille ehtﬂ‘mﬁcb Gibbﬁitfh‘ﬁ? ﬂﬂﬂgeéd thérielegtratic
oran . | can be .gengra . :
conby ety Thd Welcndyoff et % ioade s, Phasssons, g
bl ue dind eny othepsemigohdictor elamerid baving w topeald bortonnelectrode format.
| am nq;ﬂ]'&x eclﬂﬁtﬂﬁ:a&mp f i i L a
radi ati on@em ssion o b%%?%ﬁ&a@%’%ﬁ#?&%&%%ue)
f r om teFPlayedascompaneateof thefabricaied flexible e%m@ircga.. The

LED dij mﬁé Wgét . ,
yel | onﬂ.kmfvg ﬁg%\ggrr%ance%gte%o g‘%%ﬁ%r“ aspegtﬁﬂIgP p{oﬁig&g 2
pr es e FOUPT plapr suhstrate hying ap dleqtically sondyeiive smicenaki ng an
elhec: AR ivbispa@idteﬁ_eﬂmmﬁpeTﬁ?ﬁeéfr'ﬂa&a%ﬁ, bl' stxsx&P&;itﬁée
sheet has. a .very.thin and hi ex| bl e for

F ot o ienye. Eaf okidentfech lemeis B . s Shaer ghd & Koo
20051 ¢eaiaior, PChp SARGEH ishidiied haviag tn elititallydoptisttive pattern

cont i ryl {h&l -to-roll fabrication nethod descri bed
her ei n. e ‘electronically active dimcan be used for
maki ndheadbegivetvithgsethiopndustor elemiersifixag themto is inserted between the
li ght wfe@i&4ik 15Y Lftface CYapaT) ON i |t
and mgny ot g@“‘éﬁ%} rpm%dftﬂgew .cecgpf#ﬁg%g%g%ﬁm or
el enefautinatian Theedlesive is edivatediodrind therter subwrate to dieddtion

and agibsRid e thil @A SFORE Wik Botonl Al Aford s L sBRicBtictor

bottog} el ectrode %ﬁ{sgat .Oher electronic el enents
can bESHFHS Aftogati QHehh info agd ppintaipecip slegtricel geymunication
elrrpl ?ymi tipelecieicauy ?@ﬂtjgﬁv@ﬁ&fdiﬁ:f{tﬁbfcb@ﬁs&&e?ﬂﬁb}tﬁhﬂ;e other of
el ectonic circul i nventive steps,for formng,
t he e#@&pr%’ﬂﬁ& W%Q&G@Wﬁﬁﬁ‘h@%@ Is
bot t orutpingtivally bsatiphttinta tued insinteingd &el @triRell doingriiiniciition with the
Condu%éﬁf&ﬂ?&%&%@é surface of the bottom substrate to form an electronically
active sheét.

In accordance with another aspect of the present invention, a method is provided
for making an encapsulated sermiconductox device. A boitom 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 2
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An adhesive is provided and at | east one seni conduct or
elenment is fixed to the adhesive. Each sem conduct or
el enent has a top conductor and a bottom conductor. A

t trate is provided having an el ectrica
c‘gﬁaﬁf’gf%?%?éo pattern disposed thereon. The adh{éé?’%mosmmﬂ

W th sem conductor elenment fixed thereto is inserted
between the electrically conductive surface and the
el ectrically conductive pattern to forma |am nation.

Ihe pibesse pesssiactaerss hntubis bRt
e Oom _SUDStT[I a SO ,..one o1 conauct.or N
bot t orROHTTghsies. tiadhestye ke dwich 1o seminondspy elpments) and tho
alutonamiﬂmkﬂ-ayel . [The lagliratior ik for@atkol A mliqatmbamal' ﬁbéléaslu-licauyinsm
el ectrl conmmuni,cat.l 0 Wt t e ctril.ca

o ondu e Diads e Bp sybsyes Prihe boyam sphskps. Jhdo Aol o of tp top
t he otdesire @hductdn end mitomaledcexdonductyn of thévemivohdumtor elements is
condug ' C j

Cot o Bbotlal R A ehiliucklc BN of e top substrato and
el ect theaher ebtherionidevies conduglor andibatiom devistcpndueior pf each
cONAUGhrhi¢Snddkthf ddpfentik HJMQ%&M&H&IW&&&&%&W i an

electronjcally active sheet. I n accordance wW_

anot h&pPndyetve dayernt therbatior gbatrgte. | In this faqungr, eagh sepvipenduster
gro}/i(é Aﬁk; tt ng t 'nﬁ%mgdd.h ' ok aro
evi ce. m su rate s rQvi de ayjng .a ]
el ect PIEIFPY ob GtBaLs bereumbsmed. Tomedsinsed for vigpading
provi delder, lead wiks, clothet dlécrithl comeetivd wieinemeosstgpb.ace. A
predeterm ned pattern of sem conductor elenents are

fixed to the adhesi ve. The sem conductor el enents each
havi ndn eccordanse wish anptheraspelt of the preseut inveltivh a teasl eorie de

d \ trak '
b USSR batd B g i fod W gl chAgp00c S01 S e
t her e conductorpikthg bnitomscondncien dFas exampies the genticamduptor canrbe
subst pa gngﬁuﬁﬂ%ﬁimahﬂﬁéwﬁﬂﬂrﬁéﬂdlg&t G tefipfAnet or

el enent s the top, substrate. The |amnation I's

f or megondyetivg Rpriipm for making m alecticel cpnapction with the sid dlecenductor
and bireptm. t he top substrate to the bottom substrate in
so doing, one of the top device conductor and bottom
devi ce conductor of the sem conductor elenents is in
el ect Thenbentioriiphtrctivet shesh conkitthof 4 tottom Babsmite Gexitpletshedt N

of th M%nmw&%dﬁl&% surface. A top transparent subsirate flexible
sheet has a transparent conductive layer disposed onit. 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 sheet 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
el ectrical communication with the electrically

| ayer of the bottom substrate.
:‘:P&ﬁﬂg"%”bgégch sem conductor elenent is autorraw ?0()}/5"010051

connected to the top and bottom conductors that are
preformed on the top and bottom substrates. There is
no need for w rebonding, solder, lead wires, or other
el ect r%WmM@nWetMoﬁhe@emVummﬁuﬂdance

Wi h el s ARRRALIProb i inf SREN b S caidh wibh b 2!
one the sem con UCt or ements 1's rovi W

ni ddl FaRToonductivedsy Gtﬁflﬂ@ttvm .oplhemther of the n-sidelor
t he bcﬁwﬁu&@a&uﬁmﬁ %]cglﬁrgﬁes' Vgﬂmqﬁeor

can be tranS| st or .

conpr |e§@é’§’°ﬂ'{] %dg’g't‘g pidhe bottomysphstrate shert £9 fpam g ightiaghive
for malevisgg an el ectrical connection with the mddle
conductor region The inventive |ight active sheet
consists of a bottom substrate flexible sheet having

an el dbierte the bitymatizrasknnbly uature of the dsentive Tight shee nisatRNEm!

subst rg r onduct i v
| ayer g?sposed on |ty%k§§£ {Lgﬁeisﬁ ca l&l% gﬁ%" ggp""“%“l

adhesiay Especiveirplisof gitedal. Reeselacirighily mlﬂlveaﬂ@ﬂvmm
el eneRbrichldb@sk didnduls prJA%eddeu @ﬁt it @ﬁtrwsgas H}rﬁg RAb&HIRNg of

el enent s each, have an n-sjid

el ect F#%?&HW“FE&@M&%MPWW@F’W Fh@éﬂltﬂ‘?@mn
l'i ght pmbssvahsmmam bet®bed MRl Sstrhtes B4 bliRgin thesowom

i nsert %ﬁtwe n, t electrically conduct] ve sur ace
and tﬁ'g"str 47 ?PEH{ “@Bﬁﬁ‘ﬁ’ K’Q}@r *’

| am naontiongus Télfakritatomi precesheet i s acti vat ed so that
the electrically insulative adhesive electrically

insul ates and binds the top substrate sheet to the
bot t oﬁhgdm@mmamm Qipeisss.echosheitmatesal 15

t/\ft)ezg si de EW%@%“?WWE’% %ﬁ%ﬁﬁﬁi&\%ﬁg{ﬁe et
seni c KRl &IW rfir&d thaadhetive Mgty be etiyntable by &

el ect ldastahe SFRONEHD hEliBA, IePpolthid ic rédcR0# B Rffation curing.
conductive | ayer of theg@top lisjubs rate sheet- The ot her

of the n-side or the p-side is automatically brought

i nt o Fhelight ictied semivoikiuiof elémts cat bdligh @nitting diode die, or other
semiconductor and circuit elements, such as transistors,, resistors, conductors, etc.
They can be connected in an electronic circuit through the inventive hotmelt
lamination method described herein. Further, the light active semiconductor
slements can be light-to-energy devices, such as diodes effective for converting
sunlight to electrical energy.

In the case of light emitting diodes, a first portion of the light active
semiconductor elements can emit a first wavelength of xadiation and a second
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el ectrically conductive surface of the bottom
substrate sheet to forma |light active device. Due to
the automatic assenbly nature of the inventive |ight

bottom substrate, the electricall
S‘E. , ; 005/010051
[ §§§03{°%'J\;g0 adhesive and the tap substrate cani‘l(ﬁxTe'r[Isz f

provided as respective rolls of material. The
el ectrically insulative adhesive can have the
sem conduct or el enents pro-enbedded into it and

rle r olpogtidn oﬂﬂaehﬁtmlfvb%gﬁ&wﬁfr deﬁt&h& &t ﬁ@éiﬂttﬁdir&éngth of
el eme can erformed jn.line n
f abr i Emﬁ i Vﬂﬁgﬁ M%ﬁh@é% ?L"’get vpEPTeen

t he Slmmgnmltblpcummgdwgtetligmbottom substrate, t he
electrically insulative adhesive and the top substrate

together in a continuous roll fabrication process.
The elmeWmmmmﬁmmalmme

CONPY igRScve Jg:tm{

heth) and preggﬁlrm?d e?:{eingm nation to gw&#w&*%
hot e bgfore fgmiing tav lamisptiony: (Fhe lighe pcym sppnicguductor glemsenis, can heo
adhesifythel o Pt @%deténﬁﬁsa amcﬁbefomby

sol ve actlo eva catal ytic reaction and

r adi aFf bt a"ﬂgﬂt F‘T‘E‘Mt" Light actike semifopdiistas elerypmts on 2
eIenemhmmaanubawhaﬂhﬁ&ﬁﬁnmkl aﬂhﬂﬂﬂpﬂﬁﬁnoﬂbﬂﬁ%ﬁﬁhﬂwe
senm ¢ uct of,, an C such as

£ r ane ARATE, AneBBitel, ooty e sy e SSpdagror s gmgras
connecmﬂtbfnmedmtetheptedammpm tﬁégtmioglyattheungﬁae

IFB\r/?E the ﬁla%ut Mm condulié| orgt%l[ﬁngﬂJ glaﬂ

be | i ¢pask Ws@@wmmf ect ive
for converting sunlight to electrical energy. In the
case of light emtting diodes, a first portion of the

| i ght Thgtrangparent eond W@W@Wﬂdu@w imaterial

\gg\égl/ 099 d/u32%05/ 51 t oRBELH Indbly T e for ot
portion o e

acti vE&° vg#lgl;lf@mvgsgqpqnd uetare Ay ﬁ&h\ﬁk\}!ﬁ%ﬁﬁgth

of raﬁhdﬁtﬁngﬁneﬂﬂttirhcﬂbfei‘omﬁﬂsiiﬂl&&ﬂf oab of thé'dp Isulgh&tel andme

activ e ef.fectjve.for neratin t|

col or §° %ﬁ%g&ﬁﬁ%goﬂr&“%“g*ﬁkﬁ‘éﬁl elet’?fll’g’iﬁ’fsﬁﬂﬁt%“g g

adhes supplysenrceto mypohi light ativecksmizbadustordémamnt er i al | an

t he

The electrically conductive surface and the electrically conductive patterm. can
comprige 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 acté 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
the lam nation. The |light active sem conduct or

%{8%293? AN be forned into a predeterm ned pafti&obsoioos
e “predeterm ned pattern can be forned by

el ectrostatically attracting a plurality of |ight
active sem conductor elements on a transfer nenber
and transferring the predeterm ned pattern onto the

i ast r | cahstruetionahite sisht@an Y defdrated sitla\blue initGipdiRD £ FHllow
t he Ileﬁgﬁﬁ&ta[g%e sem conductor elenents can be formed

into t &P ned pattern by nagnetically
attracting the plurality of light active

C ang Pagatep e RS o Br ot SR illy ot

i nsul @etiveghestieamprises a bttam planan sybsiraterhavio ardeletrically doodustive
may CQEgdck S ﬁﬂﬁﬁé‘%dﬁ@ﬁ‘ﬂﬂ& r med
asyco(r?duct |§é®ﬂ&6ﬁ?&transm Sslve connect%’ ﬁf&'ﬂjggéa
each RIS %"tﬂgﬁ c!t-ﬁwgtqmqamamﬁlw@m
Ia_ct i V&ofc?&bﬁﬁﬂ@%kb&ﬁ]goxﬂu&&h@éﬂl%ﬁhéﬂ di‘h:gmt &mmf t ﬁ% It ng

i ne ern can, be n ast _one o e top
Subet Pt fhest Bispoi PR eciel Sopuctyesurtis st e
rel alt ieleetrivally comductivapditent o frml alimingidn | T RdBesive Waktivatable
supp Y C ct or
o1 D Bk foolobef i o b BEHon bl 2 Bl ehel e o fprctyptor o

el ect ithedaftény candnetoraf ithesepintridectorslementio mmmalh brought into

QSZPZSS.WW%%é%@%mC ke

el eme ReeTFof WBQW thefomiendystos and-thebastom
|
provi e&muu&afla&hsamwﬁ W&@gu&%ﬂm&m

stinulated by a radiation em ss]
wavel WP&‘R‘M"P‘P@H&"% pifia the glepfricaliv,ennductive surface of

el ene e bboreSibbtrdtd 1@ 6rDin efecGRE@NacHFVBELNIt h Wth this
17 WO 2005/ 099310 PCT/ US2005/ 010051 constructi on,

white |light can be generated using a blue emtting LED
and y &ithahis comstiuction) an ghévagibatly activé sheetdffmabdRARIngh high

ot i3 Bl B b b4 BBt e

subst n@w@vm@ﬁwgompmmmmnmwm asweshectve volls of mitédet. cThe

A Loy .gfsbgﬁlb Haf, BRYAHAH A Ho 851 dubdeible'ate i QAHGEEPim o
continuous roll fabrication process. The adhesive may comprise a hotmelt sheet
material activatable by applying heat and pressure to the lamination to sofien the
hotmelt material. Alternatively, the adbesive is activatable by at least one of
solvent action, evaporation, catalytic reaction and radistion 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

i s enbedded in an adhesive sheet. The adhesive sheet

[ between the electrically conducti

ﬁ?qg%@g%%g the electrically conductive pattgr IU?ZGOS!OIOOSI
foruma | am 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 sem conductor elenent is autonatically br ought

tne. ol TR ipRbRGe e o f micondior dppetitisn oo ormed by

substr dmo:tﬁtmdlyat&aeﬁngmfp!ﬁrﬁ&y dfthe samdnutmf el&ﬂdltstd?ﬁa transfer

2?22°au?59£?¢%%ﬂ%%fyﬂ%ﬁﬁ oS ER e Rie o e ffete e

el ect rP ﬂnnemmﬂducttb:eleaimtmbeaibﬂmdby
conduc m.hlg? Bﬁé ﬁ]ﬁ:?wg& haha

el ectrom ca act | ve sheet I'S cons TUC{I on,
an el SRR ergipg the predgterminei! patteny ontstheadhesiveg The

hi gh ,
i gh  predkedmingd partb@of Bb Eenﬁ:&ﬂﬂh&ﬁ‘tdeﬂﬁn@%gg gc;]rg:!a? Héel% %B':k

case, @Bel bottom substrate, the adhesiv
subst r R &8s ‘| provided as respective rolls of
material. The bottom substrate, the adhesive and the

top suﬁ%ﬁgﬁc 3{5\'?‘ Qrﬁaég%_’ectf’g&gther in a continuous

roll fabric rise a
hot el semighmhsttor mmuummmm limngﬂpély’duﬁtgllf‘eat

o 1w shihck R o Ghific B deciul ndyirepdien|

by at dispgsed thereen,dite cosdﬂcuwnattan vindhe forered ppccmmngp Bputtenng,

cat al Yrinfing Fﬁ,gh aﬁlg,q, ﬁ&%m iho
adhesi ve, n a% caser%ﬁl% srﬁwg can be prov
as a dfgeRof wmrﬂmmm@md@mem@tbmmp

Er ]fz e rdevice@ediict and A WordRicd &Mr%%ﬁ%%@@t%r n
er or o m am nati on es|i ve can
be prlaﬁ{‘ g%ﬁ? 8!*??“8 ﬂm ftivegurfage and the of
the s lesticalyeanduetve ﬁhﬁﬂofﬁmﬂmdmﬂh&ﬂew&dm

di 2005/.099310, PCT/ US2005/ 010051
The. o PEeI5h FifBee 2 oo ptiees S s e aprconducior or
el enmerthedbottom Muﬁmr ofeachispmicedactbr diniedt i ﬁﬂbﬂmlcally brought into

on & o pfinbl H el Syl 3 Vel B vl condileive ©

pr edetraten efdlp tpp substrate. ilsa thelothenefttiety enndifttar or the bottom
conductor of each semiconductor element is automatically brought into and
maintaimed 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

of the sem conductor elenents on a transfer nenber

a‘gﬂzwﬁgﬁg rring the predetermned pattern onjg,tB80s010051
esSIve he 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 nvention, an encapsul ated sem conductor device

i ncl Ud&&u&aﬂyﬂoh&%ﬁ&ﬁioﬁ%r%ﬂﬂg b SlechitabloffelctidnCitl thie

conduct j suyface., A top substrate has an

el ect r‘l"’@é P HALIGEP  ve pattern di sposed thereon, the

conductive pattern can be fornmed by coating,

sput t efl rimn toI|t r aph t her

oot t or 1A Fpoies i athestve pod a5 B <ap e povided. e

sem comimcﬁverolbbﬁmﬂmiatandehaihnmatmd‘mmwhxmmmuom

havi NG, 8h0f, a8 o B Bl QR Wit
conduct or I Xe o an ad esi ve. g’tp adhesi ve |slna

di sposettinvens ol fabrieationpreesss.i cal | y conducti ve surface
and the electrically conductive pattern to forma
| am nation. The adhesive is actjvated tqQ bind the top

subst r he@dhegive eae bp & hetmelt sheglanatonakactivatabledy asrlrln%heamé
top cq}gbdﬁ%wm@{mmhﬁt{htb%ﬂeﬁ?kmﬁfal&mom

semnm con uct el.enen aut o a ro

o R ete? S can be B ERBBR Ao AR T wﬁ%ﬁfﬁa%@

el ect rfbanihg the otiaitiai iThe prefiéérintiied patfend df chetseppicondustor at e.

Al so, he t he th .conduct.or or botto

f o ibfenfchiEformie o et 3P G E o Rical) e sithéoRiMotor
aut onmlamatsloy ammfeghsmbmaod umdferrinniiwtpaddetemhiiqu pattern onto the

el ect r 4 % E&J
conductlve su %Eace ottom su trate to ‘f'agrm an

el ect rigmeddy Iwgmcallv mﬂw pheralityef seanierodudigrielements on a

Pr esentaniiMBihtePihd tiafiferdf hé Bt hiRbd FlBABRoShd AIBbsHAeS
a mddl e conductor region between the top conductor

and th@ewadpfswwﬂa@m%ﬁ@ fepcondustor plpraents.an e forped using a

transig readmﬁned Moﬁﬁ&ﬁ@ﬁmﬁa@fcr blgmgits
one 19 2 /09 310 52005/ 005 trlégfl%h
conducf® emconduekoy ?’E%‘FB i

Wi th tlhﬁeﬂmﬂdﬂlﬁm@mduﬂitﬁblyh@“w adhesive,

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 connecied 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.
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The bottom substrata, the adhesive and the top
substrate can be provided as respective rolls of
material and the |am nation forned by bringing the

t strate, the electrically insulativ
g&h@@@("@i‘ﬁd the top substrate together in a PeT/us200s/010051
continuous roll fabrication process. The adhesi ve can
be a hotnmelt sheet material activatable by applying
beat and pressure to the lamnation to soften the

hot el i d¥Bdr@dncdvith EB Brefat mhﬁbnpmnaﬁmﬂséﬂmum
el enent s_can glbze{) gﬁmedde nto the hotnelt sheet

bef or e VARHFR FB?]"‘?ﬁ@ 09 1yiprot pquare by
patter aooaﬁnctdmemgn NTiameitive dévicethchifed dofivetfichal KEDdid bbtween

el ectrqgstatjcally at ing a plurality of

sem co % ‘5’% h‘f@&ﬁn a transfer nmenber and
transferring the predeterm ned pattern onto the

adhesi y( Fﬁgﬂ gt fhe:

sem con %@&c@ errenl; can%@&’égorrn?r%cgg%y rrﬁ%l /wndlufmr
attracﬂmmh@r&awwﬁmsmemmmo mmaély

a  tragsfigie HaARnaPIED (e Rshif SHebt 2 1i £“ ned
pattern gnto the adheS| ve. The prede erm ne tern
of t hecudnyavsFrilcterelt 6&&

pi ck a&&@é%&:ﬁ&mﬂﬁmﬂbﬁoﬁhﬁdﬁm ned pattern of

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

r el at i nedegorddnoewsith theinentivdwystén,an utexpectediresult adbjairiod Gherein

tack a I n _accordanc h .t he ent .
v ont BIGED ikl §6 Bl SABafiad lola h BolRei ] Sdbsive ayer,
pr ecoafoewing ﬂarastpraﬂwmof diwrdducﬂ @his faoﬁvaiay&hsadi;pomldntwam top

si des
t he re@fgectlve top a LR otfo congugtﬁé)%t'e\d tﬁg ete ses
securi WWM@@P&BB@W the subatratess a'h@’glslsﬁhchﬂnd

flexi bh@nblé‘&ﬁx&%}etcoﬁﬂl%@'suﬁoﬂﬁﬁﬂnd shcAViRg eact] b)@,re_ﬁ}ce%f & 110

resist films to form lDattern and, et ch” away

t r ans pSAREARk surfageg with the planar elgeirod ﬁ&@mﬁwm@em y

on eacibsrites thebotieM isetetrateé] Ng el aborate sem conduct or
patterni ng and etchi ngtedm ques. 20 WO 2005/ 099310

PCT/ US2005/ 010051 I n accordance with the present
i nvent Apparently-the Hotelt uiateﬁﬂ@msams\emﬂmﬁm bHthe DEDdlle sl €0

el i kL
become exposed and make elecmoal 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

substrates. In accordance with the present invention,

E@gﬂ%}ﬁ% J/ em ssive | ays/conductor device ShEHELIsbSo10051
SS|ve | ayer made from an array of

comercially available conventional LED die. A thin

sheet of light is forned using a continuous

roll-to-roll manufacturing nmethod, and using

COﬂVGnh@ﬂﬁbfihEQnﬂhﬁbaﬁnﬁﬁ&,fﬁ&@m@ﬁB’ﬂ%ﬁhﬂ'ﬂsﬂes%ﬁﬁdﬂ gl e
from man exi%&‘:}:}é‘?‘(:fgrdance with the i nventive

syst en’f’° p the die. lgthe pvsnuNAEsteDn, theseand n
LED di swfacesaytomaticalhemaieontstd @b 6@ réspdctivecoRQici®d durfdaeRhen

Gevt oot prll g e ket o il Con Bl Bininin G booeen

bot t orrp@iswtrom%mam ﬂw\hm:nelt hezddng) therehtire isisudhaais digked into

LoD g oelBnebleh Hiihlel cbut3dshe b QOGN b it Qe okl "

fl exi mmmlmm Qflﬂmdvmgldehouomemtmmg The
each d Ro¥ies

pl anaréngfeectroggem% of fif ermanent a§ cur| ng t%iénma

subst rhptmelydice ‘WEVQJ‘W éﬁfﬂ pEfling edyput inte rolls

hotnelt material does not wet the surface of the LED
die a enthe hot, terjal |s el t thep
St el Roret o nton i phwag for bing Rhse's g BeE ) Litng

and neakderidl eSibsirsietheatombpind uﬂﬁkédmn&fmcsﬂﬁhmﬂudﬁ% films, or the

surf aces ;.0f. and.boft am supstrat es en. t h

hot rrel?eo a {‘éés@\g/“gcézng%ps a BH#M eﬁ[’(eong’lth?%%ﬂ{% 8'”

el ect rﬁlmas a tgupaet cindustere The hcmdh@e filirs peovitletelach of a plurality
d

con UCJf'L‘Eﬁ tﬁé’ it §ifect, i’ace-%oe y t ocgar:% ng,n%e%ﬁ%-lp?o%g

thin, easil rrred extre
f1 exi Upestmcgmd MMM@MMOWMMHMVh@MMm

str UCtMﬁﬁthé tid P AHEA O obhéliCkhbel mltsGRAdr! bksure of a
roll-to-r prOfESS there are no resist layers to
form pessute rpller.dha LED die gresguaezed between the gpbstrate shests and

2005/ Gﬁeﬁﬂwwow&awbﬁé&o&a brehiR tithih TheHotrhdMadhesive sheet
em ssive el ene oﬂt her e are o ali nnené [ SSﬁLieS f
maki n 8?1‘??6‘(‘ PERsp yetive

| n t henableseath diem&ymm&t}e&ﬁndateanﬂh@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
its plastic or softened state and the lam nation is

- %@(‘zﬁg pﬁ geen pressure rollers. Then, when I'Eﬁuszoﬂsmlooa

ardens, the entire structure is fused 1nto
one coherent Iantnated conposite sheet, with each die
securely locked in electrical contact with the planar
conductors of the top and bottom substrates. The

tent ir esmht‘:‘oﬁe?@ M&hﬁds&mﬁﬁndtubﬁf el?ﬂéé:ﬁﬁ et%bnfl@él cdmlazw&h&néﬁ With
WO Su Ia ot ne | C actlLve er
t hat c fmﬁg“‘%‘(%% “ﬁ’fﬂ‘s" of fght i ‘>8/

The pr&mﬂt invention i s provi ded for maki ng sheets of
inorganic LED lighting material. Substrate sheets may
be utilized with precoated conductive filnms, or the

c onducTheteansriatentfirstoondyetiverdiyert roay camgiriseaitttagspareot cditingct | y

onto t %Qﬁ o @S B3t subdiit |3

conduc%}%f e condusclzltlvcgL -;HBI ns ?)rre‘g\?lIJ e ea?{tgg hedasa
pl ur al $onguctiye ink preaahectiyg adhesivedi r ect, f ace-t o- face

el ectrical connection, device- protecting resi st ance,

and an_opticall ransparent w ndow for emtting
|.ght“ﬂ} afﬁ@he@wm% nqugtor plpmaks fan badpaped i,  when

a hot rmmmymcﬁ@w fmtﬁemmwea&mmaw

pressur, rol.iger R. Elﬁ% re s ueezed et ween t
substra émtﬂm%"’m

each dhetrinsfeamembértothg first hxbsﬂmt mhb mﬂahmsmw@ nER éklude an
conducehi ety il drobis or RS e b A ARICHAR ke
aut onmeRaitemed glmﬂm:w is effacties forglecirostatioallytatiracting the light
ConduCiefite semlddndiicloP BIEAR R Jgﬂ:a@?t%lpﬁﬁ%%rm at detipd the

invention, a nmethod IS provi sheet

of | i grmucanductos clamenty: The OPWﬁJPIF@thMOP@tm coating can be

pr ovn cime,tfavexaa amﬁgamw&w&ﬁm@mﬁrs&%m
) fotf)tern of Gﬁactlve sem conductor el enments
are

i, the FEanefpr ragnahes mess
have aomprisd alrumnd a p- si de. Each light active
sem conductor el enent has either of the n-side or the
p-side in electrical communication with the
t r ans P adhesieqaderne tanbe forawpd on thé\firssbsiiath B ddhéring e pattern

cecond e BERELe Al dher b i E e Serhaner
t hat tadditionafiyran gdhesipeepattemicercalsrbetfbraed o2 Be RfSt substrate for
2005/ Qafkahy 13 sddobPafbOirdd b 4%tst 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 communication with the second conductive
| ayer. Thus, a solid-state sheet of |ight active

{@,&gpd@%&?@ formed. The transparent first COP%&MQM%HMSI

onprise a transparent coating prerforne
the first substrate. The transparent coating can be
applied as a conductive ink or conductive adhesive.
The pattern of |ight active sem conductor el enents can

be for gl adtive sephiContitchs lefriefiia binif Light hidXBS debhdtlighs defivght
active sem conductor elenmepts. to a transfer menber.
Then, f%%ﬁ@?’i%ﬂ?tﬁ@w E%P%‘Ncﬂﬁ?erﬁ'ct ive

sem conductor elenents from the transfer nmenber to
the first.substrate. The transf.er ng r i.ncl
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el ectrost atd ' ' . . .
ol oot r B8 efccictenindis WBFLHE tirPoming st of ight active
seni comgigtal sapableaf fmetioningds 2 pikelteddisriay compenepty of
light active sem conductor elenents. The optical
patterni ng of the opto-electric coating

| can b %%Qi%é

For - ox Ahaibatierned fih acive semisROdURor slemenss ith be Aermed, by fopmin o
|LiE% ht _ﬁﬁtlﬁs&@m qirr'k&;;f& E@(Erhﬁgﬁtt euﬁdﬁﬁgf RRQAGERo Sleflerty fdrmigla sesond

rrnters S, r.anst er. er., na .1 SE,.
L P offerend gilon ik dofiAng seriogROERY Fletreniyect e ciind
substr pgﬁm; ofrﬂ:imljdmmr ilitglg e{nl’t&;gmamtc_atdnctonéleﬂmg hfhea‘mu cargductive
sem cCco Uct Or, e nt s | 4. .
At oy S Gt o Tk B ferd e ibiptdded ind P S Snductive ayer
can al foombdasfagrided y-electrddes, 5o thatreach rspestive light astive

dheri pg.: . , .

adher| E&nugﬁuﬁﬁgﬁm&r&%ﬁ%ﬁt ofﬁgﬁlﬁfcn%ﬁ&h{@&%abze

A pattern t active sem conductor elenments can
be f or affyndiening asw fuli-colof pixelated display sempayents j r st | i ght
active sem conductor elenments and form ng a second
pattern of second |ight active, sem condyct or

el emeniitsaccorfance witl pnother pspeck of the, igventon, p mefiad isagp vided for
el enentgmaigialight-@iiting dokide g Adirft iliticaté 18 pRivided.d Al conductive

ot ngeurbels Gt oF e ERAPEME 4 pitelt TLRD dGeeptiomed didhe

2005/ 08éhdhlive pditeriSIND LA @@hhs 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
firgt 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 2 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
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l'ight active sem conductor elenents emt |ight and the
second light active sem conductor elenents convert
l'i ght to electrical energy. The first conductive |ayer

r@§zp 0 Jnsd as a grid of x -electrodes, andpthgsr00s010051
conductlve | ayer fornmed as a gri d of

y-el ectrodes, so that each respective light active
sem conduct or el ement is addressable for formi ng a
sheet of light active material capable of functioning

as a Momce&reaéwag@hawmweﬂk.se&ﬁ@?@aﬁdﬁ%mb f ik i ght
active sem conduct or nts can he for y rm ng
2 fi RO S B w0 s T o gondicave
sem ¢ mnrfubetdan befoexmmm afpointing Toetsods ahe printing adethed may f
second_col.or can or el

For i kg rarigg g 14es e S Bl R, % pnePl P, T
sem cceastercpuixnting nethord a griues frinting methortiand taidoror tiansfes sheaty
be for g‘:?ﬁ' rid of x-electrodes, and the second
conducﬂt}fﬁv g@%@ formed as a grid ofy-el ectrodes, so
that each respective |ight active sem conductor is

addr espdh8siflhyet Qﬁfbé‘ﬂ»rxﬂeds&ﬁféen&fet&ﬂ 4ibliraGhd 48 bottom

mat eri al capabl e functioning as a full-col or

pi xel SHRsrats hhwe adhesiye oy oy compiiss allestong ofa gndyptive adbesive,
?n ot h fafseﬁﬁa&ﬁmmlﬁfe am.libexht vé, m??ﬁmmmxmtaha?iuc@vte@b@mﬂem
or or a.li em tii Vi C ir

G st ranicPSe Sotye i o1 s PSR & fufdyn-webipeing fayer can
for rreobed‘dsrnidaldaefwem the mﬂmbstateéayeﬁanp Blict bottom ehbsiriE®lagierc Fhe
is for V.

an anoigﬁcg ﬁnﬁ a%%g%%%ﬁﬁ%f ﬁle%ééeﬁ%f‘r} oSt §%§§?g&ﬁ%§;@§n
provi cdbksiva, sdacwoduwtnducti ve surface is fornmed on the

second substrate. The first substrate is fixed to the
second substrate so that either of the anode and the

cat hodthe ppigem 6f LER dice cam beifarned by plecirastatically gifracting the LED
COMMUN{i&3s hYPandfbriherttRE and thbibhanSRRHY HelaHRAcBI T EB dRe fidMGhe

t he ot her, of the ano and the cat sige of ,the
LED ditrasfersmpmb @t%@e%rse Qﬂ’eﬁrﬂ%g femper may include
S €C 0N Chn@Peddeledidie/ @ atiny diiRClive f&meldﬁg aphtteaed GleCdstatic charge, the

o LR} S it e G S AR ety nd

conducmnmmgt}nlpammdoﬁmddmct i ve adhesive. At |east

2t o AP e i ol BE BRI 058 oty finb e

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 subsirate is provided. A
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conductor. At | east one of the first and the second
conductive surface is preforned on the respective
first and second substrate. The first conductive

sur f can be formed using a printing nethod
p\gpﬁ?‘]%ﬁ&??’ﬂ(bt hod may conprise at |east one of P%ﬁrﬂgzoosmmom

inkjet printing nethod, a laser printing nethod, a
sil k- screen printing nmethod, a gravure printing
met hod and a donor transfer sheet printing nethod. An

adgets Eéé%%d t&:thSﬁaiQ@éinﬂfh ié fbhﬁ@gﬁb&bmm Hbﬁtlrdté? TR fess Sulbatias is

an e bottom suhstrate ne adhesjve | ayer ma

conpr e taihe SS%P§$ sybsiEate o that &tﬁﬂ l?g E’F’\‘fg“%‘m‘éf ?Pé‘,ﬁ"%g”rge

se m;j - GERploEdide/dT tRGRaRbNGRoPElemafs s i élumaxldmﬁﬁutﬁ:aﬁcgn with

condugtive polyner, .a s - _conductive pol yne nd an

i nsul i%‘%ﬂ“ét?@me%?@ P%ﬁ??éh’é’#ﬁé%%ﬁ‘ﬁ‘h%‘?‘ﬂ’” be

f or nmedcdepgibrsduoititieaemiopductiselembns is iy electrd dnowith

subst pat e | . ncti on-enhanci ng | ayer

inclu eggﬁﬁgggﬁygw are-emtter, a
light-scatterer, an adhesive, and a conductor. The
patte 'ecs%ngms sné@asr%@- itieFQohipliled BF AtY

attragtﬂ?%t%oﬁwga [ ceﬂto a trans cg?é nenbg’r%f,@a*r?g )

t hen {feagtioae af g qondpotivreogting, peendyctiveinkand & cppdygivegdnesive. At

:ransge‘agtoﬂsmnb éﬁx&&n&!ﬂﬁsfa&oié@bomﬂﬁ%t%ﬂf%@' | iﬁ&éﬁfaﬁaﬁt _ t&_hmm
ransfer nmenbe include ~an opto-electric, co

ef f o AF R85t BR O kA the seromd ot sisfses iy prpfpried on thd

CP ?r g @qspéchf@e fiednl fechiRibubltart rTHeifiad céndabiive garfiee nagbe formed

effecti.ve fo

. el Jdcall ' d
For m HE8 hegag pnd o helbenisy olinSt s Cmp i e opg of a0
coat i injet puintiog mptivd, evlmexprinting gretibd, | assils-scrempriofingmethod, &
tr ane Pitvindiing SRARUGALs hot il flr BHEE Bomdd”

or other shape. In accordance with anot her aspect of

the i D\GAhdsRP layét HPbd Bfndd Dot iSSh fibktratd £idThd Wbtidm

l'ight-to-energy device. A first substrate is provided,
A fi r sebstresndTiea adhesive layprmaay compripest Iags oBpof aonflydhivg adhesive,

? ubst g@&ﬁ-c%oﬁdtﬂﬁw %h&tiv_@,f msa@m'tfomﬂh@dé@ %e&:ﬂﬁmb %gl'b'ﬁ?r, B semi-

ormed on e conductive patter.. sem conduct or

el ene fendughyg prlymer, gpd ”E‘H‘EF'@%V%WQE %‘E“"é‘ﬂ’d""ﬁ"ﬁ’ﬂ’& Ryg can

accepbefordidi betwéenFKAoP slibstines Layétand the bpttan kubetlate Byez, Swherein
the function-enhancing layer includes at least one of a re-emitter, a light-scaiterer,
an adhesive, and a conductor.

The patiern of LED dice can be formed by electrostatically atiracting 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. Thie opto-electric coating can be patterned using
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WO 2005/ 099310 PCT/ US2005/ 010051 second conducti ve
surface is forned on the second substrate. The first
substrate is fixed to the second substrate so t hat

the charge donor and the charge E;?p,[,
é@gogfog{:’ﬁe senm conductor elenents is in elec Q{ooslmooﬁ
cormunl cation with the first conductive surface and

the other of the charge donor and the charge acceptor
side of the sem conductor elenments is in electrical

?Ownm%a!&?oﬂicﬁmeﬂhﬁer%%@?ﬂaﬁ@.ﬁﬂﬁ@:!t%ﬁr&gflﬁaﬁﬁnfd_he
irst conductive surface or conduct

bt ¢ or HOBBSTgHaY SB ShaBd sk drye 30 W Spemibet o,

coating, a conductive ink and a conductlve adheS|ve

At  least one of . the.first I he se onductive
Sur t ol eoHiimp Wil 85t fabier e dugfeide ABMFs SHEPRIE beFovided
the fi fosbhealsdfhghema:mmdnd:oammbsﬂamms‘mﬂm first
prefor

ubst r iducilp L, AR chbpFactid SlitBui il ot o he
usi ng &rspyubstraten gThﬁhs*ﬂi ative seimicopictor etagaents tharpcanpegjde and a p-
Conpri §§e, aéacilﬁgﬁscu%%nﬁa di rbﬂﬁbﬂh@&hﬁibﬂﬁeﬁﬁ@ﬂ%ﬁ-

| aser printing metho k-'screen printing net

a g atifed dspinal corgmnieat et widhie angpaent condugtivedpyes nd egcond
print i absieess ke d secbhd @@a@ﬁvmyet AMCAIESTe mnfe@we&ond substrate

bet ween t h to substr he bottom subs

The adi?dB$ %%?@?l"gé‘e &1 dhe 5 ght
condu cadu\feseaﬂmaum elemmﬁsaﬂ‘elem@ﬂmhmmcaﬂh @bth i, secvnd
i nsul at | e adhesi 1 em -
conduc?‘m r ﬁmaﬁﬁﬁgﬁg#ﬁ]% %\/Ae ﬁngfmeﬁ

function- enhanC| ng | ayer can be formed between the

::M('::gr Zluﬁﬁééﬁgﬁ UnCtI on- GH%MC?WI %&PE es at

| east prgformed op thefisstgubsizate. The rangpsren coating eanrbe a cgpductive ink

adhesi ¥onditEveadh@VEU Ah Alihesivd SarthtA kh U3 Ofmelt ok thbi 7§ sfdttate
be forned_by electrostatically attracting the LED

di ce t for gdhering the pattenafiight activ tpmiqoprdustprgiamentsitp fhe firte
at t r acistratd=-DAlEbnfively, Gfﬁdﬁﬁiﬁnallir raR BSheédive FRIEHE ﬁxa}ﬁbfoﬂﬁed on

| ncl uds Seh e B BhPRRASR RYSER G B OBt PP

hol ding a patter ned el ectrostatic charge, the

el et r DPARPB SF T b eptioRlRls ASpls e S5ars® s 0¥ eptpemof

of LEDkngt light acﬁmmpbudmtoedmm aod atseeogd pauenbd‘ second light

patt er aade dilidfductor 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. Altematively, 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 PCTI US2005/ 010051 at |east one of a
scanned | aser beam and an LED |light source. The
transfer nmenber nay be shaped as a drum a flat

BQﬁJ Er(‘per or other shape. In ac_cordance $2005/010051
another aspect of the invention, device structures are

provided for sheets of [|ight active material. A first
substrate has a transparent first conductive |ayer .

A pattern of light active sem conductor elenents fixed

t 0 t he Thé kifsptonddiive lapdk thay Bdferdnbd i a @idicf welectrodes, and the second

sem condugct or ele nt.s hav n .n-si.de d a A side...
Pach. | R BOCEa A B A A or S Fah e lbeshveiigft aggve
t he n- smﬁmhdexﬁntmddmumahempemlinwmmﬂnmdy
with t Eﬁtﬁ.@
substrg?dta{‘fgés}ggﬁgéeco cong$ cé |%La*gt;d£}lén g’%‘e&dvceapable
secur eof fimgticning @s 8l piselited ¢isplay compondmb fjrst substrate

so that the other of the n-side or the p-side of each
light active sem conductor elenent is in electrjcal

conmuniThapattsn ofibight active seraicondRCtor elments pisorpyiss a tirgh pgitem of
a sol i diflealbelight Etting SnlidbRAEN didndnfs, imqm&hefseoona color

Hgﬂ:gjrent %Iﬂést cggdugtﬂl ve | ayer %/ ]I slg ﬁ’éf‘@“
Thedbg?nﬁtﬁﬂga?ﬁicglﬁ?gtor ﬂynaﬁﬁﬂ’mﬁﬂtmg?wiﬁmmaﬂbefmed asa
o't he erif SEF AR i BRRT SoHB A hfet Bl ds YA Bey-
| i ght  alecirades.sBirirespeativefinst; seobradrandtthird @larllightfemitting elements

R ﬁﬁ‘t’*m{"ﬁ AT o Ll A0

adher i ttamveg addsessabley Thye aisheet of lighbactiyematerial is
The patf&:‘ﬁ{eﬁ chffable! o@ﬂﬁw&%ﬁ&@aﬁﬁ%&%&bﬂ%@&sﬁbﬁ%ﬂhﬁmﬁay

conprise a first pattern-of first light active
sem conductor elenents and a second pattern of second

I'i ght Iﬁla&cbt«a@nc%m@mwapea oetmrmaﬁﬁon, a ﬁ@t—&iﬂtﬁiﬁ deiight

active seni.con npy e t . ha a

P Lt © O Bsean T fode prtoie fitbte is Kmed it Bl

el enentsabsagiel Npagh'hofm mgeafﬁmmdmdﬂﬁdonducuve pattern. Each LED

Al ternatiyvel hef| i ght act Ve t

2 oo e S o ot o B, AEbrid e Rl Sl Bhauctive

sen comnddisedormed beite At adhanm&reb ﬂielﬁmsulmmtetoabe secorl| substrate

eNer gY.g, &t 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 can be formed as a conductive paitern 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 -el ectrodes, and
the second conductive layer forned as a grid of

Yo bl g s. Each respective light active
s‘gﬁnzg@??é% or elenment is disposed at the respg% flugzgosromom

intersections of the x and y grid and are thus
addressable for form ng a sheet of |ight active
mat eri al capable of functioning as a pixel ated

di spl ayrgfbﬁﬁanﬁﬂhé respective dirst Sridiecdhd bﬂbﬁ&?.ané firgt conductive f
sem conduct or . eLements may. conpr,ise a first pattern o
first WW%M i ?@:ﬁ%’é’ﬁductor el enents, a
s ec ondTlegirintngmethodsmayaonhpiw| ableast buegifi tn dnkjet primting method, a
sem c : { Lhird t f..third
col o THeb it BB st 80k rbee bR, & lafeS bpbafepor
c onducaid\aaloperyteansfershechprinting metiodhs a gri d of

x-el ectrodes, and the second conductive |ayer being
formed _as a grid of y- electrodes. The respective

first, Thecdbastre lawer is prpyidedcbomsen the fmsulesiiata and ghechotipmspbstrate.
may DeTid saRRie thydican Etnprisd #1286k HMiToRAUdNE adhe] 2 Yemi-
grid so that each respective |ight actjve ]

seni cofPtRIY? aquesive iy iasiatiyg a4 onduciive Belyger, f peght
?clt:vecortmoﬁm:mdlslmﬁ@,agﬂgymdatﬁl 'apﬂhh&.ni’uﬁdﬂl B-brhtaidiROiaRs cah
ul I - color _pixel at [ cO ept_ I n accordanc
w'th o siEsBLEe 5P Y I ETR BR Souen sesielort g
devi cefunciionjentiaseing layef mpwincisdem lenst bre of & reiensitter, a light-scatterer,
conduct., r | rmed on the first substrate.

A pattéélrn o? La&%ﬁg?dggal&g formed on the conductive
pattern. Each LED die has an anode and a cat hode

si de. 1 S@rdanch WithiRbthéHaSpelb? R iVeRtioRh BSRW. el drd device

surface formed on it. An _adhesive fixes the fiITst

subst reepwriges afing substeate oA Srrheondygtize susface is formed op the fisst
t he anQbératnd pdiem &R bdaachadisdidd Rlebnté 1§ forinkeld diithe dobdidive

Sur { achBa B so0 entint et s b RE v g o
Si d(ﬁ (Iﬂ'largh & acckyffhy silec A gecsnd ﬁlbﬁi'm']f prioﬁdéd_rmmfgw_ SeComid t icomfuctive
t t S on (0] ucgti.ve.su ce. e |1 kS
conauchiiyB TafPH g i AT g BTt o by st
pat t ersa thap either ofghb dhiirge dénot aglshe chivge arkcegator sidelofthe ve
A olpicEdiP dhentsls bl YocRiel BpBSREHGH PR A H Glfcuve
sur f acrfaos, and thecothep of thneharge dorpu endcthe chargd asceptor side ofthe
the Tiseicomfteiol BEmaRGPMLIERBE UohinRoatith Wik tnd BPor®

conducitive surface.

The first conductive surface may be formed as a cond uctive pattern comprised of
at least one of & 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 comductive surface may be
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28 WD 2005/ 099310 PCTI US2005/ 010051 preforned on the
respective first and second substrate. The first
conductive surface can be fornmed using a printing

.. The printing nmethod may conprise at |
o@bgﬁ'%foﬁ%jmgt printing nethod, a |aser printi ﬁgf/{lsﬂﬂﬁmooﬂ
met hod, a silk-screen printing nethod, a gravure
printing nethod and a donor transfer sheet printing
nmet hod. The adhesive layer is provided between the top
subst rypiefornia@bion therefiebtivefirss dliisdetont €ubstraté) cTiaEihesiveanay

| ayer can conprise at.least e o ductive .
ches<brzs Sint o B i, BB HusBhE RS hoBBEAFRET e poesive
adhesilaper nmy complise & least gnalof areondudiive atbiesives a seiniedondwstive

pol yne d an ' !m '|. e . .

funct iéodr]]l- enhanc|l¢1%§¥ayer%t%%%g%&?%?°%@lf ’bae%%é’ﬂnq e % op
subst rpalyméraand an iselativegolywen om substrate | ayer. The
functi on-enhanci ng | ayer may include at |east one of

it re-emtter, a light-scatterer, an adhesive, and a
c ondudigiccordgncewithangthercasnes of thesesertdpveniioge the phptoradiation

I Nventdoaroe irthldbdd first lecROE vith 848368 BlectddBisp6RE adjadenf Bithe

substrate. Afirs onductive surfac s for.ned on th
1ot Btiadipls o aeiaRg b ean Paroolent o Aic TBHAon SREROG v
is forisﬁ(&d pmdmlﬁe@pnd'u@pﬁdlﬁﬁrgdmmh 'onﬁwu‘mdd includes a charge-
sem cqnduct or .el enent, i hcl udes a r onar .,aver

¥ e RSPl Gl ahd 1 96 B8 SR it BV st
i S pr dwingpat inatik mgterals Fboeuissivepaticulite cecei ves doctral apengye d

on 1t ) ; .

ggclond suﬁs?’?g?%é@e%%ﬁésﬁat eltﬁerﬁwgaghar %ﬁaonor

and t leleqtiede gd thrsecqnd glectradg phase-radiation. SEheierwissing Paticulate

ol ere el bind . g . ) ‘
conduc_% ive . glg’;(fﬁ lgg%?&#alﬁg&f’he. ot he@ﬁ%dqu’telﬁigi hmms%o{ggﬁ%?mn
and t H& eEeraivgylor the selestivg polympsization pfphotosradiation eHrable praanic

el enenhgtedidl, i N el ectrical communication with the

second conductive surface. The first conductive
surface may be fornmed as a conductive pattern

conpr i'Electharge-tradspdrematiix amesrialimay be amiduic trawpoctandiérial) such as a

Ot SO i ARG B B o8 v

a t r anEpssolidpolymer electrolyte may be a polymer electrolyte including at least one
of a polyethylene glycol, a polyethylene oxide, and a polyethylene sulfide.
Altematively 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.

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 nmay be 29 WO 2005/ 099310
PCT/ US2005/ 010051 preformed on the respective first

e\gggﬁogg)%g substrate. The adhesive may conprjsguaoosiomoost

bt the top substrate and the bottom
substrate. The adhesive |ayer nmay conprise at | east
one of a conductive adhesive, a seni-conductive
adhesi ve, an insul ative adhesive, a conductive

po: y”&ﬁdxatﬁl n SRoiure dmdﬁeé onﬂJﬁ séléﬂu?ﬂpd]ymﬁﬂdlh o?hf?mmkﬁiaum

pol yner n accor ano e e 0]

D erabinbln O Qe o 6 1810 e SRS SoigP. . T electrode
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di spos acen e, first .elec \ e ge

def | i GSHel Sitel Bish At arhodk of s bbb igsF Bfine diode

eni ssidive. Aaleast one of thelifirpiodestioderand khe serapd elgutrede comprises a

POt Ol BHliuESE, SPhblutafY 8F aibdirb pglianeln i G formation
por an

trans matri X materia

e ssive particulate
di sperbydeingsquedzed berneertihe ffst elactradrasd the WFQFEF?"““"‘”“ thout
Sﬁé?;,'yﬂ ?ﬁ?ﬁ%‘d@“ﬁ?‘?ﬁ%&tﬁ%@poﬁww. kg
appl i df S&ﬂnﬁ P‘i‘%‘%fﬂw(—_ﬁ’@@tﬂ"@éé f%%nd
sec :)ncudlaﬁ‘?gtug.ﬁgec@hmat ramh tag,lf@}rmﬁt 1€, e Bofiduct e adheswte can
parti a ener at e 0 ra [ n |n espan 0
Phe. ngiemispiphobgts S & piipay b ol el 8F Sfer
ef fec tshitabla‘muteriah €The ﬁimnﬂwlﬁcqndhmpolmmw cmhpnse a benzene
phot o adl atl :
charg e‘{ef‘r ans por t"&% 7 ’Ew(ﬁd?&% g?lyrga'tn%g 03&'?1 ﬁolgthmphene
tr anspioammcewthlﬂns qnbcrdna@t aftlwinmomlub@tMﬂ dje packing o
solid ﬁbﬁ? il Pﬂr dono
el ectro y ?%ﬁg‘mﬁ#ﬁe sol | 8?561%'0 e‘ljaeﬁf:ltﬁré(‘J*Il‘:3l/ltngiWrrl‘tislu)?Ll

be a pl#yner electrolyte |nclud|ng at | east one of a
pol yet hyl ene glycol, a polyethylene oxi de, and a

pol yet hyl ene sul fi de Al ter nat [ ve addi ti onal

t he cHAAgsamdamce vath dhepr erentinvention, ﬁwﬁ%%ﬂ% radiion

i nt (r]I | Noineeds Imblvmemdmﬁfst\pqmacﬂoy_ | dﬁaford is Phevided tand ilﬂmnaida)ofhgm
conduct l.v.e pol yner | uae eat

o i R oh e Sart R SR e iSRS  cphbls'sd
pol yrrmnodmpnbefﬂ:écutho@earmmde afqadigaeimmmmmmnﬂime ﬁrstplanar

accor dane cto& éﬁegﬁg‘%}%‘é{ra ugt%} m%]sp(g&? oo SPL formation of tight

i nvent |°8
emitting dice, so that the seoond 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 permanenily 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 planiar 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
of light emtting diode dice generate a photo 30 WO

g&g@@%ﬁ)\g%% PCTI US2005/ 010051 radi ati on Spechiiiaoos/o10051

or 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
contact with each anode of the respective |ight

O T O
W each cat node O res | | N

i Seubkt b o b Sy
t he smwdmmmmmmmt Tl lightactvit semiconductor

Icgngu;: or. ;Qfﬁhgl ur al | {ﬁ% E%ggr mee%nhf%ughxed

el ect rei&iﬁcﬂlydoﬂdu@xew&n@s@reudadodeomct withiene of fhe negide of
sol der eg{r?d’g'a?fﬂlgggﬁb%oﬁl FE&th&Nre Ofverdd FrBvidscin contact
en r mat

perrran Ixed 1n a on by bein adheredo%&en_

at | eagth mmhqufﬂlnwﬂe plentrode and the gesidg glacty
el ect rﬁl%%rﬁéb%ﬁle%fﬁ@ﬂﬂx@ﬁéﬁ%%eﬁ%}ﬁ%u&ﬁmﬁaﬁ ﬁ%léﬁdneal

t he conduct] ve adhesive can f tallc/ yg@ﬁlcld
past e, copPuptigrtion jdth ieten Lo HetiYe ai”%’ég% eor
sui t althep-5Bé S eachl said Tigie aeﬂwwmaicioyelmdmﬁ bledtrical

P ereabeponde s o e Bl o st

pol yt hnsunhﬁmmnal ma;aamndaahmndthiatmu; addurtipr congnising the

the inyen material
obt ai mpr*‘fﬁq‘“?‘ ﬁé‘g'g“f sol der ci)’arQz‘\?\/l"ﬁ?é1B |tng
each mndnmbdu‘heb hghdacave Mmdmt@&mm Tllﬁhshtaﬂcbﬁesent

Iscr)“lj?(r:]teé I'S prow %‘Qgg %E?I r%@gﬁmmuﬁ?j&r dmc_es'

provi dud cembination of mqogd:pcéqr pdher circuit
f O'tf Eegelé?ﬁbngf&ﬁd dévicad éap m&]géi?lﬁ&l ?cﬁ@gdéﬂuddhcﬁmh)ﬁslemmts
ca ode an an ano e (0] ca ode a

each OP® aout & fiist #diation @ng feperd PB?"&H&F%‘%&% active

:: ondu ?&ﬁ}mﬁcﬁﬁﬂ@ﬁ&tﬂmiﬁl ecGincvelength oﬁadittbpo aqﬂlosphor can
op o e on,of .Ii in

t he se‘??dﬂ?l‘"{?a E‘@Fﬁ{%’f‘ﬁ%&? g “f”f?"ﬂ’g P,llos @;IUy
ot her ginulatddéy aaddiaﬁdemss&mmﬂxﬁstofavda@h fcbmtheﬁbb aﬁmst

I
ConouctBronehE ek R of dfeord SEOREBL T

light emtting
Tn 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 & 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 elecirode 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
with the conductors is obtained, w thout the use of

wi re bonding for making an el ectri
Sﬁw&é‘%gﬁog%ﬁw contact between the dice and elthgc?hg thlem051
first planar conductor and the second pl anar
conductor. 31 WD 2005/099310 PCT/ US2005/010051 In
accordance with the present invention, a nmethod of
meki NgorPcohinihive 1aek mmmbfmmﬁawmmsm af m said light!
by the stesof enmbeddi.n ht ,active %&%
el emerdfilyesomugondpeter '%ﬁl 4°%"Ph§ﬂﬂ%?mve mat er | al
|'i ght eleefiically caslottivennfacd or el enents each havi ng an
n-side el ectrode and a p-side electrode. A bottom
el ectrically conductive surface i rovided in contact
Wt h mmmmermamqﬁd the p-side
el ectr, ufackEify b
cont aci?&? iﬁﬁ e ot g@%%%%%{%ﬁﬁ?li de el ectrode and
t he p-asﬁ“@éhﬁhectrode so that one of the n- side or the
p-side of the Iight active seniconductor elenents is

in electrical ni cati,on the Qp_con

| ayer W%B‘“ﬁ%g’gﬁ’é ’SY?PEYS E %#l%gay‘%
p-si den&k; each said |ight active sem conduct or el enent
is in electrical conmunication with the bottom

el ectrically conductive surface. The electrically

i nsul Sigure3 iinbtmes aiothuawequmm farmmxﬁetutmaaﬂlehtuaallive
and fugth %133{ WeGH eleRafks;
pr essus;weetﬁ%w%h 1]arﬁr‘lhﬁa Ion 1Y‘égso ten the hot nmel t

material and enbed the Iight active sem conductor

el errerﬁi}?ure 7 %&ds&lkgm&ﬁmé(@ofaﬁﬁﬁhﬁmﬁglﬁcﬁ&eehmg acan
be |ight e

mtting diode die, |igh devi ces
or a c@ﬂﬁ%‘ﬁ‘éﬁm%f“m%ﬁ%%@gm}ﬁ%ﬁ% I{dhcto
el enendigneAfRGh pladeer circuit elenents and devices. A
first portion of the light active sem conductor
elements nmay emt a first wavel ength of radiation and
secondngﬁésWuah&hmdﬁ@hbmeMemmwemmgWO

el emsn emt d vvavel nat h, of ith
IOhOSIOh %ﬁ e”leaf 8 t%rl cgﬁtg%dﬁvmm

i nsul aﬁppuﬁtemahﬁnylehbmaatmetgyphosphor bei ng optically
stinmulated by a radiation em ssion of a first

wavel ength fromthe |ight active sem conductor |
el enmenFigure 6és aross-egtienabievs ofan inyertivalight p&iy @ 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

characterized by light active sem conductor el enents

%%ﬁq%@g%sil to an electrically insulative mat ﬁ#{ﬁgzoosmwoﬂ
ctive sem conductor elenents each avi ng

an n-side electrode and a p-side el ectrode. A bottom

el ectrically conductive surface is provided in

contact with one of the n-side electrode and the

p- si depi@ir&8 {s'aQetRs-sebtidnQowCsTaA uﬁ&mvenghmcﬂve Elfeettavivi dxedhght
in contact with the_other, of W@‘“ﬁ % electrodeg
the p-2tivpsenmicenductprlemenfs dispgsed 8 sqligcs

of thardel;ght active sem conductor elenents is in

el ectrical communication with the 32 WO 2005/ 099310

PCT/ US2005/ 010051 top conductive |ayer and the other
of t heFigurs$ iba couss-beationpriew afan ofverdize light activre sheghhaviag an v e

seni copdyet. badfak-cat i on
with the %ﬁhﬁg&%ﬁgﬁﬂ?t@%&@ﬁﬁﬁﬁsurface

BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 illustrates
the | RMERL b0 oBRRRdoRIvieRPITleblobte Nt BBV st Alhg an
l'i ght ctive eet ; gure 2 | IIustrat

| vt R sepeaRaupIe lemet MR 0 ormis & S ol HOH spesive
sheet ; gigpiggure 3 illustrates another inventive nethod
for manufact uri ng a light active sheet having two or

nmore different types of |ight active sem conductor
el enentigure 1 FisQuross-dectichalovienr of ste-inventivie dightt lactiveeshead havang a

i nventjve |i ti.ye g a conductive
adhequng#%a% g‘he sﬁgle[]y%%{%g‘ and/ or the fight
active sem conductor el emsnts in pI ace; Figure 5is a

gﬂng ﬁg&%?ﬁ%‘ \éé%%@g ent types of Fﬁt%"iﬁ‘ftwa

sem coM@ts®$mﬂ@%WWﬁ§Mbe driven with
opposite polarity electrical energy; Figure 6 is a

cross-sectional view of an. inpventiye |i, h tive
sheet FigwrAd s angenlqded xiew of e myayv Chmn a melt
subst r gmegvelniesh;"Pr ove the desired |ight act i ve 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 active shest 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
sem conductor el enents disposed within a solid-state
;33 WD 2005/ 099310 PCT/ US2005/ 01

%ﬁ&?‘{é’%@%f“’g a cross-section view of an invent ?@@6?%0&%{10051
active sheet having the light active sem conductor
el enents di sposed within a solid-state charge
transport carrier; Figure 9 is a cross-section view

Of 2N pldWe¥d e loMalvied e st liatitngidhesive droplots

I sposed Detween the to nd, batt om
SUbst fonfiing s semicendeeio e (G e FPOTRIF BT (PRt
| nventgomgy hibgikike B Helbyont fidsttatdiavi ng an  RUB

sem conductor el enent pattern for formng a full-color
light em ssive display; Figure 11 is a )
Cr 0SS -Fiyed 1808 @ explodetl vidw dfiie lightsetiveishest haviy ancedeciricel
sheet havin .transparen strate with a convex
| ens §§F§P’@?ﬁgreg‘fcb°§rcgn vlegnéﬂp%trgo s-sectional view of
the inventive |ight active sheet having a transparent
substrate w.th ? ?ﬂﬂ d of nSdtufacthding 81
expl oofaé%lmvﬂe%vao eg?eﬁ'\eyghl?lﬁl?}%ﬁ?(%ﬁg active sheet &0
havi ngetivershdet wheseimehdlerendraprogket pysigilitemployed 19 WU at i
vi ew %%&mtﬂiﬁm dohstiRR hraCds oliiantive lijHl Bieed diingathe heet
I g

utiliz e nelt adhesive mesh; Figure 15 is an

expl odeaufprlatipgsroete i nventive |ight active sheet
conprising a substrate having position-facilitating
die dinples:. Figure 16 is a cross-secti ] f
the i g 2418 = e ey Pl R SeR B0 patbdd 6.2/ Lo
posi t i dig)tfvasg 4 inkghbtically-mitaetivichepientzo fRilitan(lip 00T D IND
PCTI US2005/ 010051 Figure 17 is an expl oded vi ew of
the i “Tactive sheet havi ng adhesi ve droplets

Figure 21 illustrates the use of a magnetic drum and electrostatic 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 2

substrate;

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

Figure 24(a) illustrates an inventive Jight 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
the bottom substrate; Figure 18 is an expl oded vi ew of
the | igﬁt active shed having an el ectri cal

r WO 2PBAB 1 educi ng conductive grid pattern; E?HHFzémsfgmﬂ

is a schematic view of an inventive nethod of
manufacturing a light active sheet wherein a

hol e- and- sprocket systemis enployed to ensure

regi stration of the constituent parts of the inventive

light street during the pmapyfacturin rQcess; J.qu
20°1's Faftes 240 iies o pvgpavs Hehs A thed B pibipltt
el enefbrd-factgr havingDvoltigedonbitivrien fr donditioning available electrical
magnetically-attractive element to facilitate die

ori ent™n and transfer; Figure 21 illustrates the

use of a nmagnetic drum and el ectrostatic charge source
for organi4dy -Je&@ﬂﬁfvﬁ%%&gm%g' 1l dee? bnployed in th
sem ccfﬁ%%%: %rgagﬁggsrrents.onto a substrate; Fi galfemZZe

i |1 usthighitbolh fomefagtorshow inligwre 8%t r ost ati ¢ drum and

magnetic attraction source for orienting and
transferring a pattern of sem conductor el epents gnto
a sulféguegele) Wﬁ@ﬂ%ﬁh@%@@%ﬂdﬁ%%@ﬂg@ﬂ
act i vRHEDS fiktallddes MDAGAEST o vehifle ¥irdEHi@€- di nensi onal
article; Figure 24(a) illustrates an inventive |ight

active sheet fabricated into a | anpshade formfactor
havi nFigura2d(b)ig e block dighanoshewint @ driciogelrciit fon amipventive HUD
avai | abl,e electrical current: 35 WO 2005/ 099310

PCT/ Uﬁw T%%‘T‘“gﬁeéﬁ?"é‘{'zq b) illustrates an
inventive light active sheet fabricated into a

i ght ; A s b bR B
for cﬁ%%%%%g?p%%ﬁ%@e ec@??@g current; t~r@ijgu%.lclet’
25 i s figxibleoensray efficipn hagklight eqnponens forianp [.ERidisplay Fystgei
sheet enployed in the

Figure 28 schematically illustrates an embodiment of the inventive photo-
radiation source showing a semiconductor particulate randomly dispersed withvin a
conductive catrier matrix;

Figure 29 iflustrates 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 randomly
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
heads- up-display (HUD) installed as an el enment of a

BB HG Vi ng circuit Tor ah i vent i ve HI RGN

a col lision avoi dance system Figure 27 is an expl oded
view of an inventive |ight sheet utilized as a thin,
brigtt, flexible, energy efficient backlight

CONPOIKgike 3 10illusirted &aldnmbodiplemyof the Shvertive Phalosradiafiéh source

schemati cal L.y illustrates an enbodi nent of. the, ...

v on oA it eirgies o1 Sppn AR G e tipebd witin
sem ccadiectairix paetislcul at e random y di spersed within a
conductive carrier matrix; Figure 29 illustrates an
enbodi nent of the inventive photo-radiation source
showi riiguri32 sshenaticatlyl illysteates gheprcrase-sectioncol an erohrdiinesbefithes n
el ect pdese phbil MdGiPsdutdeust rat es an embodi ment of the

i nventive pi?ot o-radiation source show ng
sem conduct or particul ate and ot her performance

enhancigie PHilthdtGldt At ih an eaBddimentl bREinFeR e \thetod Bf inding a
conductive carrier matrix nmateri %@6 V\P 2005/ 099310
PCT/ UShoepdiaien sourcesgping the step of a0t A PONSHTB di e nt
of t hepattiautelinatx riikifedntosboRtbinGbstran Witk batvavélevtrode;

di fferent species of organic |ight active particul ate
di spersed wthin a carrier matrix material; Figure 32
schenefigura?4 Ylustiatesis stepein de invastive nethed ofoakinga phtogadiation

Fi gur <ok sipide Ve sl DY SAInkfy PORHif o i Yo b iice
i nventthiywarepstothebaomelairedy; 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 bottaom substrate.

wi t h Jiewre?s Hpsates Heiep in thednyeqtivg method gEmaking aphatorpdigiop
the i nye:as, isNevisgithdwiiditiof of @irinkpheenftop Beisemé with Wdnkyarent 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
el ectrode; Figure 35 illustrates a step in the

[ [ thod of malting a photo-radiation
sﬂﬁ%wﬁ@%%ﬁdgeadditi on of a transparent top Subg@@%@&ﬁmooﬂ
Wi th transparent top electrode over the em ssive
particul ate/matrix m xture; Figure 36 illustrates a
step in the inventive nethod of making a

photo-radi ation source, show ng the step of

phot o-cur i the matrix,to farma solid-state. eni.ssive
Dt 2 Ape e iR <8 e i it ol n e .

Fi gur etaiped o1 otterwiset shaped imd & desired cohfiguratiogsnt i ve net hod
of maki ng a photo-radiation source, show ng the step
of trimmng the solid-state photo-radiation source
sheet ;FiguFs 4luillestraies 4 ¢ut oanfiguretins of fhe inyerriiye tight gheet mounted on 2
sol i dyat oRigot o-radi ati on source sheet; Figure 39
illustrates the conpleted solid-state photo-radiation
source sheet being driven with a driving voltage to

| i ght Figire iNMREOR5HARBBOrRIETE WS VR0 G Biieot Iighitigrp
40 illystrates an enbodi ment of the inventive |ight
sheet vﬁ’@? tage e PG nped or ot herwi se shaped into a
desired configuration; Figure 41 illustrates a cut

confi qurat j f the inventive Li

bR e B gt Rl o e e Bl M
conf i dorlighé emissivb sipdmge;i nventi ve |ight sheet lighting up
when voltage is applied; Figure 43 illustrates the cut

configuration of the inventive |light sheet enployed
f or | iFigwre #tvhaws ancexamieaftperoli-4a-roll imanufactering pEocess u&%@nﬁﬂfe

Of 3 (ifdlbitvo B rdaisiiUshits RbHioihofl tRE@TSlyilefibabltiofginic N ©
i nventive photo-radiation source for curing a

phot o sposed ibetween) tyg sprtinupug sheefs of tog aadRostom bt
two continuous sheets of top and bottom substrates;

Fi gure_ 45 5; WS an exein‘%e of a conveyor continuous.,. .
or oc e TR LPEYL ArEe Bl 4 gymvegSt PSR 7

I NV enta cufingboaththavingliheainvarivephstoaradiation 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 scarmed curing system having
an embodiment of the inventive photo-radiation source;

Figure 48 illustrates a conventional inorganic light emitting diode die;

38



Figure 46 shows an exanple of a |ight-pipe
phot o- pol yneri zati on system having an enbodi nent of
the inventive photo-radiation source; Figure 47 shows
of a threedi me sional scanned curi
ﬁ\ggﬁﬁ%mggo enbodi nent of the inventive phot o-ir;grc{?g Psgdr?h‘m
source; Figure 48 illustrates a conventional inorganic
light emtting diode die; 38 WO 2005/099310
PCT/ US2005/ 010051 Figure 49 illustrates an inventive

ﬁh ot cFipé ?gmhm;eg b g{f?&lrw’.ﬁrt;bw&)dl&ﬁu ﬂf@at@ﬁt&jvﬂ)ésdb@ﬂﬁ Or sensor
avi a farmation., ight. em.ttin | iC .
Conndte PRy Ar U el o pies SRR REr BT i o g
anodeboadiflg e domthen adadg andcaifode; | | ustrat es t he hi gh
packi ng density of the formation of light emtting

di ode dice obtainable in accordance with an enbodi nent
of t heigire§@illustates this bigh packing densitoof theofarmationrif gt emiting s
an enfiofl fiRbtamhbll ScdoRbRL WiliGn MABS B nieRt bithd BVenB At HHof-
show ng a heat sink el ectrode base having cooling
dhar FAEpPeD spRTgRlr e 52 il | ustrates an enbodi nent of the
i nventive photo-radiation source having a geonetry

and optical.system for ncentrating the |ight output
or oIS 51 isah PP Capetl o YR R P i SoBA ShATIBRA
f abr i Ieaf sinkrelebtedde Gake hivigp boslingIhahes)s an i sol ated view
of a substrate with an optical surface for

controlling the focus of light emtted from an
enbodFigea 52 iflusitates an embedinientof{iiediventivesplioto-radiatiomssue ;
phot cliviis BRAEy B HEEP Ralitlr Shoo g WOl i for photo
const quiing aoorganictohptasiak in p centinuaus fabrcafipmimetrpdypt i cal
surface; Figure 55 shows the inventive photo-radiation
source having a curved |ight sheet . construction

shapeigwp 6 shawp anyinolatedview plasubsimte yilln an onticdl gindcg for

Fi gur @niéilingithéYosusve it bbited H6m wh eibocdimlelof ehefiiestiveipiblo-
sheet cgonstruction 1llustrating the focal point of

| i ght PERHOSPUES 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
fiat light sheet construction with a top substrate witlx 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
illustrating 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 emission;
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optical systemfor controlling the focus of [|ight
em ssion; 39 WO 2005/ 099310 PCT/ US2005/ 010051 Figure
58 is a schematic side view showing |ight emtting

%8‘1805%5@?0 di sposed adj acent to respective op&,ﬁg% /010051

nses igure 59 is a schematic side view show ng
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 having a comon |ight

em ssion focal point; Figure 61 s a.sch i de
vi ew Shigwnd Hgs ﬁPﬂh@éﬂt@ @G“’I@‘ﬁ'ﬂ‘!g @%‘E‘P ﬁﬁnﬁ%‘g"e‘ﬁﬂmf’d

COMDRgabetiio Splicdl @@dk; point; Figure 62 is a
Cross- sectl ona I ock di agr am showi ng the constituent

parts of the inventive |light active sheet; Figure 63
IS a @ass S%EEWWMﬁIWMMM|WW

t he |nvent|ve i QY
cr oss-MGTeRR P, ;’}B‘f’?ﬁﬁﬁh ?‘é“t"a"ﬁ’"’s%'?‘;‘&h \)éiéér%googs}mct!on,

ogl i 09et hyl ene 0) dde) matri x, UV sem conduct or
el eme

crossr%%‘g?%g‘ﬁg &r"faeé"r"ﬁm‘%ﬁ“é’n enbgdl ment 01; tahe

i nventaonmonlhgghnusalonfoﬂdm%et having a |ight diffusive
and/or re-emtter coating on a transparent substrate;

Figure 65 is a cross-sectional, bl ock di

enbodi Figure 6bis asphemptic side;vieysh OWﬁfW“é’B‘E"F‘@%‘g{FS@? ‘“ﬁﬂ‘&. ng
bl ue afhnydp! HeMnsRich EREaGeRtor el enents, and |ight

di ffusers (e.g., glass beads) vvithinthe mat ri x;

Figure 66 is a side view of a commercially avai | abl e
i norg an bﬁl Abird3s-secti@halMIbR AREYaHOH3WIDS the constituent parts of the

PCT/ USZ 1 ure 67 is a cross-sectional view

of a cHIRFEH %f%h”ﬁ% eLSEﬁgI anp; Figure 68 is a

cross-sectional view of an experinental prototype of

the i ni.‘i%ﬂr%'s‘j% a cross-section block diagram of an embodiment of the inventive
light active sheet having a cross-linked polymer (e.g., polysiloxane-g-
oglioSethylene 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 & light diffusive and/or re-emitter coatingon 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;

40



phot o-radi ati on source having a gap between the N

el ectrode of an LED die and an 1TO cat hode; Figure 69

is a cross-sectional view of the experinental

%858&5)699% f the inventive photo-radiation S?«‘:‘ffﬁgzoosmlooﬂ
ving a drop of quinoline as a conductive nm

material conpleting the electrical contact between

the N electrode of the LED die and the |TO cathode;

Figure 70 is a photograph of an experinment prototype

dennnstrating a light active particle (LED die)

Char od S BT iR sTEHERR g AT LRy o 77 | <

phot ograph of an experinental prot otype denonstrating

a freez fl [ ( [

CED | oy Ol b Binaliion o Rkl Rl el R et
carri e]rhO(OSIaﬂmnolepUde Iwing 8 gap/hebyren thr Nrieptrods; of g BED dlie apd
a phot gg¥y ?QQ&SH an experinment prototype denonstrating
an 8x4 ement grid of light active sem conductor

el ements (LED dice) disposed between |TO coated gl ass

?u bst rﬁkl.fﬁ‘é 6% E'agzbﬁsﬁ-sezﬁoﬂaih‘tlé@&izﬁ ﬁﬁerﬁﬁbn{ﬂbt&ﬁtyp& of theinbeative
or manufacturin active ee usi

o | - RS gafistensPyEe Al o 4705 o6 Guooles i  gndhy iy pygocal
Vi ew ofonfpletingithe elbétiieal tingiot betveeba the Neteetesdeif haiLED die and the
transpﬂ.r % iconductor wi ndows and hi ghly conducti ve

| eads; b %005/ 099310 PCT/ US2005/ 010051 Fi gure 75
is a cross sectional schematic view of the inventive

|Gt ik Y6 316 Glowra Bk Dbl R SRR UG gt active

ctrve Flgure 7671 S an

i sol at pegtideBED; c&thame@eqotauaﬁomdfemt@m ectededyapgia charge

to a higloh maahfiainbiR),! ead line through a nore
resistive transparent conductlve w ndow, Figure 77 is

an equivalent electrical circuit diagramof the _
I nvent kige 75@@@@@@:&(5&@@&@&@&@ fotatyple, desibititting Adress
a crpsgoaigé:'}l@ﬁnal Vi ew m% he |i of ﬁ&%&)\ﬁ?spSh%et'l

show n
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 illusirates 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
conductive bottom substrate; Figure 79 is an expl oded
V\krﬁ%ogfossfglﬂ? conponent |ayers of the inventivephtgthosnicest
acti've Sheet; Figure 80(a) is atop view of a

transparent substrate sheet; Figure 80(b) is a top

vi ew of the transparent substrate sheet havi ng
transparent conductive wi ndows fornmed on it, Figure
80(C) Figur@ 75 Ah otbs3 Yéchinal RRenkdiic Wew of AP InvaitlbShighPhdtiveheat

havi ng .transparent conductive w dows, hi ghl
conduciPys| aent ¢ “ﬁﬁ?ﬂwﬂd%%ﬁw&“ﬂﬁ%’é’e%@%d on

it; Figure 81 shows a two-part step for stretching a
rel easg suhstrate create.a .desired.spacin et n
o ot rae Bt o8 P8t e S EED fiviaR Sonpdkia a5
i s an enphaiseldadlirethrodghtalnors tesistive tranyparers béraiuctive cviridow;
enbedded the semni conductor el enents into an adhesive
hotmelt sheet; 42 WD 2005/ 099310 PCT/ US2005/ 010051

Fi gur eFig@e Y isian equivalent gleatrinel dirovitdiagrne of thé invémbivarot el t
sheet whtRn&RREAERL cirggli conductor el ements prior to

renovi ng the sem conductor elenents fromthe release
stretch substrate; Figure 83(b) is a cross sectional

Vi ew OFigird 98 QI oaddk becidtaPliew\bf the IRPRG At SR FAHGHRAL
el ement s aftfir renmovi ng the %Em cO ct or Iegnt

f r om t $Padugiqr laygson ¢ 1o, Bbptratp, LED dicg gobeddad ma hgtmelt
top vimihesive liveg atdweaihiciee Boiigitulskagt materi al
configured with addressable LED el enents; Figure 85
is a cross sectional view of the inventive |ight sheet
conf i gigurd 7/istah expletiid eewaifthe cerifionert tayers b&the Rventivelight
86(a)dgcﬁeashgeq;p view of a bottom substrate sheet having
a grid orf X- ‘el ectrodes;

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 shest;
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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
view of a transparent substrate sheet having a grid of
Y=, el es; Figure 87 shows an inventive
n’ﬁ'ﬁ’ﬁf’@@%{?ﬁjng a multi-colored light active gﬁfég@gzoﬁ%moﬂ
using a roll-to-roll fabrication process, this

mul ti-color light sheet has RGB sub-pixels conposed

of individual LED die, and nay be driven as a display,
white |ight sheet, variable color sheet, etc.,
dependi hg on the condugtive | ead attern and dri ving
s cheneti8ure 83(e) 1 ggtopnirgiorgl imoitehuusitshest with embeddede g
IS a CledfcdndiRfdr ielRMahts pic\io fenoting B Badtimidtoreienieht® from the
I nventiye I)gkamﬁggeﬁt configured as a full-color

di spl aﬂ?iéfﬁe X 89 is an expl oded vi ew show ng
the main constituent conponents of an enbodi nent of
the iny [ i.aht 5 nfd | | r

di spl ai;/’l,g'ﬂ' b E‘?@Llrsé" Eﬁﬁs %&%ﬁl ‘éé)s‘b&o %ﬁ?@%@%ﬁ‘%&? %{;

mai n cegpicondugton elementpaftes rampving the semiconduetprralements fromithe

i nventj | Qeat configured as an egress EXIT

si gn; lle}élgsglﬁr%agsﬁl S a cross sectional view of another
enbodi nent of the present invention utilizing a

doubl erifat 84lisiatopibidlio¥ Bie BRERTS Nt ShaR Shafdiidl RofiRkddQith

conductj ve &%h |%/e tape structure; Figure 92 is an
expl od¥qrHia L%i) #&¥ai n constituent conponents of

the enbodi nent shown in Figure 91; Figure 93 is a
cross sectional view,of,another. enpodi t of the, .
ot 65 eriBip 1S Brherosh Sl Bpnbf e R iR oo ensiiRL it o
t ape, alidredableLEDademensyl ati ve adhesive tape and a

bott om conducti ve adhesive tape structure; Figure 94
is an expl oded view of the main constituent conponents
of t heFiguwreBeld) isetap dévoole botformisghstrate g@et bavingis gride x-

i 'l ustgtsdesan i nventive method for manufacturing a

i ght active sheet

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

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

Figure 87 shows an inverstive method for manufacturing a multi-colored light
active sheet using a roll-to-rol! 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
pattermn 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
conductive adhesive tape structure; Figure 96 is a

g‘l:vg,}@f?og%%onal ~view of another enbodi ment of Péf;?szoosfomasl

vention utilizing a insulative hotnge
sheet and a bottom conducti ve adhesive tape
structure; 44 WO 2005/099310 PCT/ US2005/010051 Figure
97 is an expl oded view of the main constitgent

CONMPOIEgte 891s ol didds s@ASHAMNIER B anSeiDBflindeht oF Ha Wvent¥E light sheet
Fi gurecﬂgqgﬁ_ﬁ%s*a cr Ssi%l'z&%il onal] vi ew of anot her

enbodi 8y P ention utilizing an

i nsul ative hotnelt adheS| ve and a bottom conductive

hot nel sive ctur ure. 99 i,s an ex

e e, 55 3 gt Ssalodet HepsBivying B pinarestings tpmgbnns of m
enbodiembod inehtofithd inveliivelipht sBét cdﬁﬁgmraéasml-bélbm:tpl@i es
an inventive nmethod for rnanufacturing a light active

sheet using a roll-to-roll fabrication process and
util i Figuee aoﬁapmga@w@m&smwmwtmmpom of an

ggﬁghgﬁ%ey ve tape struct uP& T—‘a‘ggﬁ W%?x'a

Cross sectlonal vi ew of anot her enbodi nent of the
pr eseFgurd 9V RRlckdBsedtidrial Vidw8F aBothSdnibBdiadftlor 8 pREkesi ve

t ape, .doubpl e-f aced | ative ad esjve tape and a
bottor’ﬂ"m H VP tiee dca bopR o

102 i&oﬂﬁcﬁﬂdﬁ%t&ﬂemmfm,t he rral n consti tuent
conponents of the enbodi nent shown in Figure 101;
Figure 103 is a cross sectional view of another

- enbodiFigeret 92is at bxpleled siewtof the matohsituent coimpanenty ofithe op

condu sﬁgi]wg (e, double-faced insulative
adhes%l\t'(/]g tape an m%b%‘?%%r‘n conductive hotnelt adhesive
structure; Figure 104 is an expl oded view of the nain

c .Onﬁ Ithuﬁ.r@s is QIR B chalOfiewt HomothFRBbAR: oF 18 Phhsdnf
g ?nventxon 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 & cross sectional view of another embodiment of the present
invention utilizing a insulative hotmelt sheet and a bottom conductive adhesive
tape structure;



45 WD 2005/ 099310 PCTI US2005/ 010051 Figure 101 is a
cross sectional view of another enbodi nent of the
present invention utilizing atop conductive adhesive
t e-faced insul ative adhesive tape

b ?t%g?'?ﬂg%?&ductlve hot nneh adhesi ve structure; P@U?ZOOS[OIMSI
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

enbodi ment of the present invention utilizing a top
conductive hotnelt adhesive, double-faced insulative
adhes Figaraseangrglodedsuv of thetsaiacrastituenticompenents afithesi ve

St I UC bmb&dimérit 8w id Pigure 9620 expl oded view of the nain
constituent conponents of the enbodi nent shown in

Figure 103; Figure 105 illustrates an inventive nethod
for niigufedstisls tro@ sectibhal) hiewa€ &ioﬂner cb&liment SF thg pﬁasmt

roll - rol |l .fabrication oce a co ctive
Coat e i ape SRR pblt S o B bkt SRR

usi nghetinelt adliesivestmtturey st ages; Figure 106 is a cross
sectional view of another enbodi nent of the present
invention utilizin i nsul ative hotnelt adhesive
Stri pEinbmipgnﬂenmﬁébq mysin congfiiwer cpmpongnte of ik gur e

107 | smBdhiRsR iR Mig@Wogl the main constituent
conponents of the enbodiment shown in Figure 106;

Figure 108 is a cross sectional view of another
emOdﬁﬁﬁﬁtlooﬁnuh?@esﬁﬁﬁﬁ&ﬂf&eM@ﬁihﬁﬂuﬁémhﬂgzdmﬂ:ﬁvesheet

Istnflu:oatl ve Hot_% dheS| ve zmg ﬁ BE%\gducu

46 WDapé) %ﬁlﬂ&ﬂﬁéﬂnﬂﬁk&m%t@i @ekb & boftern vorRiudin/e adlibma@tape
expl ogﬁg view of the main constituent conponents of

t he ment shown in Figure 108; Figure 110
illustrates an inventive nethod for manufacturing a

11 9Nt piglei 168 isHUPRE sectional view of another embodiment of the present
invention utilizing a top conductive adhesive tape, double-faced insulative
adhesive tape and a bottom conductive hoimelt 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 adhaesive, double-faced insulative

adhesive tape anid a bottom conductive hotmelt adhesive structure;

Figure 104 is an exploded view of the main constituent components of the
embodiment shown in Figure 103;

45



usi ng conductive strips and adhesive strips in a
roll-to-roll manufacturing process; Figure 111
iIIustrates an inventive nmethod of nmaking the active

}Sez os%f.as{s'i(? i nventive light active sheet usi’t?ﬁu%glsmloosi

ros ic drumtransfer systemfor orienting an
patter ning LED dice on a hotnelt sheet; Figure 112
shows a first step of an inventive adhesi ve transfer
met hod for fixing sem conductor elenents onto an

adhesi FiguierlaD fatioss sdetdnabii®y offandithfenibbaintdhOythéprasaond

step of ‘the inven tlve adhesi v ransf hod for
fixing IR Y ‘@F%ﬁﬂ %’“g

t r ansf adhesvedaperand eboiﬁngcnnéud:idlhoahamjwwsmﬁuﬁ ep of
the inventive adhesive transfer nmethod for f xing
sem conductor el enents onto the adhesive transfer
subst r Bigere 162 isun expladed vigw\ef the mhinrconstistenpcosdpoaents of the

el ect rgﬁﬁcﬁgﬂl&n%{vﬁ@pﬁlgﬁglélr ansfer nmethod for fixing

sem conduct or el enments ontd an adhesi ve transfer
substrate; Figure 116 shows a second step of the

el ect r Bight 0¥ isdlchdsd ekl viewAdtahidther Uit @fthel:O8F the prédeitd
sem conductor eJ emsnts ﬁnto t he, adhesi ve transfer

subst r gt hgtmyeltiadhesivecdpulle-faged insulative

el ect rm&mheltﬁpeahd iB&ﬁMﬂM@ﬂfrﬁfoﬁﬁeﬁfm&b skr@bturef | Xi NQ
senm conductor elenents onto the adhesi ve transfer

substrate; Figure 118 shows a fourth step of the
el ect rBigural0<is ah expivaied view bf the sthia constinientchponents ofitieg

sem copeh ;%EI 0 the adhesive transfer
substrate; %@M 10 PCT/ U52005/ 010051 Figure
119 shows phot ographs of working prototypes

CoNst rYglrg 803 Mudkahd i ARGEve i i ¥ BefiRbhA

for rmnl%'%racturl ng an |norgean|t%:°tif$ ﬁm’l‘s eetb E gure %538‘
i s a pHEeagelkierrol bseation proresy “QBI'EEDQﬁﬂé“GBVS coating is formed on

el ect riaetop lahd Bdtloin sabifaRGbifgslbtie HANEfaRE need! e;
Figure 121 is a photograph denonstrating ‘three LED

dice electrostatcially attracted to a charged needl €;
Fi gur @@ﬁem&as ammoaﬂwﬁloméreww&maﬁ off Ehé Phdsbrit €

Cem c oA pRER AR o i a&%eﬂefﬂ g adipsive

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 ancther 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

sem conduct or devi ce wherein the sem conduct or

%8%‘&?0? s3j € npn-type devices, with an addreﬁfﬁﬁ&ﬁosmmo&
ayer, Figure 124(a) is a cross section VI ew

of an inventive encapsul ated device electronic

circuit, wherein an LED die, npn transistor, resistor

and conductors are connected in an electronic circuit

form rgguie M9an dxPlodd diew BE thié nid@\dofisiinen &H.Psma%mb i's

a Cross sgg’gqo al "vi ew of an alternative of the

i nvent§mbe c‘gfﬁg‘h & i ce el ectronic circuit

shown in Figure 124(a) Flgure 124(c) is across
sectiqnal vie f anot her. a iV the.inventive

o cap s o Hhsbred motliydnrBOdI5; mafatkrban i sy hee

124( a)using-canduetivd fips nd mlbaive sinipsinaaali-tooroit Immuﬁcumfg peotess;

alternative of the inventive encapsul ated devi ce

el ectronic circuit shown in Figure 124(a);
2005/ MUIM@D@)@!MO@fW msc’m& 1@me| t

di agr M&ug@wmega&igﬁﬁsﬁgwm itk fldbtor SRGN

Fi gure 124; Cross sect view of a
pi xel OFiFSiAg A Hé%@ﬁﬁ pason aliptltshesk ¢ he pi xel

i ncl udes red, green and blue sub-pi xel circuit and an
optical le Iene formed in th top bstrat.e;

Fi gur ?‘ ' Sepcf 2 mEsptise W%ﬁtwd for fixing:

encapsemmmdcwﬂnmmmwadh&mummm a
conductive sheet |ayer between insul ative hotnelt
adhesive layers; Figure 128(a) is a photograph

show rFiguse BB ahovafa sdeendmtepaf the inventive edhtesipe todnsfies pethod for

Compr 12 leoptdr SGRE FUMERRA IS el D0

adhesive, the LED die being red emtting and yellow

em t t igge ﬁught]{vs‘s a&@.ﬁg P&B&é’&h&% 12} 8Wiflhod for fixing

anot her ste o) r oot - of - concep
semico: uctor elernents onto the adhesive transfer substrate;

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 subsirate;
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prototype construction, this photo shows the three
constituent |layers - active |ayer sheet (LED die
enbedded in a sheet of hotnelt adhesive) a top

?‘@$%},(%@g§é%ﬁo coated PET) and a bottom SUbSI’{%ﬁ{IEZOOSIOIMSI

PET); Figure 128(c) is a photograp
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 forman assenbly; Figure 128(d) is a

phot ogr aph show n% anot her step of the ]

pr oof g’a@mcuﬁéhwsp progrephs ofovakingrrplatipesonnstiugied inAsenrdance

shows ilAGheAnveRiR nRehd Yot MarduiRfiril mao:@aﬁéﬁﬂtsn%&! ough a
y

heat |am nator to activate the h%t mel t sheet
mel ting between pressure rollers; 49 WO 2005/ 099310
PCT/ US2Q0b120 10Pshbtoghzdemodstir@)d LED de Blo@icsgfi@lyattracted to

showi ng,the just constructed proof-of-concept
B%ﬁgdeﬁﬁ p p

pr ot ot P applied a voltage of a polarity and

lighting up the yellow LED die; Figure 128(f) is a

phot ogg ' ' . .
D oot TR 121 M8 HBelelf debten BRI o opspreinty.
t he opprasted to anbargedinaedland | i ghting up the red LED

die; Figure 129(a) illustrates a nethod for mass
producing a pattern of correctly oriented LED dice
fi xed Figyrel32 dvpraes sectiondl yiew af en igventivy engepsplated samigonductor
scat t gefgk WHeRirthe i EcMabiitdildntehls diePn-type Abvices, ath(da)
illustrates, the hod shown in Figure 129(a), show ng
the fid S%WQESTWLED dice with sone randonly
scattered on top of a release sheet and sone oriented
and fixed .an _adhesgi ve substrate:.. Figure 129(c
R e R A e
t he f idetick whetein thedemieondidivrdilenenis efetnpodtyipe déviabs,awith ghi xed
to th *Jtﬁﬁn-w tsrate; Figure 1$0(a) illustrates
0 SS

a met ho pfoduci ng a pattern of LED dice
fixed to an adhesive substrate utilizing a

di spl #EERERYEPis fdtd seBRBEYEW SF ih kBN Rhpbiliied device
electronic circuit, wherein an LED die, npn transistor, resistor and conductors are
connected in an electrondc circuit forming a pixel for a display device;

Figure 124(b) is a cross sectional view of an alternative of the investtive
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(s);

Figure 124(d) is a cross sectional view of an alternative of the inventive
encapsulaied 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
di spl acenent pin pressing a single die into the

ubstrate; Figure 130(c) illustrates
3&5&%’3}6@% in Figure 130(a) show ng the si nléﬁa}ﬁszg?%monﬂ
| eft on the adhesive substrate, and the adhesive
substrate and the dicing sheet 50 WO 2005/099310
PCT/ US2005/ 010051 being noved relative to the
di spl acerrent pin to selectively |ocate the next LED
di e t fgéaced onto t he adhesive supstrate; Figure

130( d) 1§ & prreut diagram fljustrating the syb-gxelcirguif, dhown i Kigugr

adhesinze, substrate using the nmethod shown in Figure
130(a); Figure 130(e) illustrates a pressure roller
enbedding die LED dice into the adhesive substrate;

Fi gur &FignsOl2P is 4 ¢ross bectibread viewn of eqrikebfro weansimvestiveadispldy deviceg

h L Fj
{ T s el iR S0 e bk bl Effode B 3 apical feng efernent

t he LHgmged inthe topsubsiate; i n the adhesi ve substrate are
fixed to and electrically connected with conductive
surfaces on _top and bottom substrates; Figure 130(h)

i s a JasmEnkYiivanerplededivisy of thednyentive paeapsdaed segtiondictary o

sheet dewiéehbwihg a borlitile thdet MyGVRRABLE thsilllafivh Holfelf HIRSHBt
i nvention; Figure 131(a) shows an enbodi nent of the

i nvent®¥& | i ght active sheet material wherein an
adhesi ve substrate with enbedded LED dice is

2ol AR 2B W3 SRon Bl sho BB R rpe iEbebl rope

enbodicomstructioh shisphioto ﬁngumcﬂ@l@an)s}wa\mnmnsdd@f LEDdls e

Zﬁggg{eﬁl&ﬁd&gﬁ%l nvent I%‘e/%% g t actl \P%gﬁﬁa{ﬁﬁkﬁé%

mat er Yellowaiiting a conductive pasta formed in
el ectrical communication with the top electrode of

the 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
protoiype 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 hotms!i 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
sheet aa.aterial having a foil bottom substrate and a

i@@(%k‘js%éﬁwtterned conductor top substrate; j §£505/010051

ows an enbodi nent of the inventive Ii1g
active sheet material having a stacked |ight active
| ayers construction with a common electrical line
connecting the respective top el ectrode and bottom
el ectrode of LED.dine in adjoining stacked |ayers;

Figure,.132 I.s an expl oded vi ew show t he, vari ou
| agor EFS HRO 3 RREETE: SoigR e Rit FOR RO AP
shown protofypejbeing apfilied b voltage of i polati§aad lightingp shedellow £ED
show ng_an enbodi nent of the inventive |ight active

sheet mdterial having a reverse facing LED dice and a
backpl ane reflector, Figure 133(b) is an isolated

\r”eﬂNe??%jrﬂg%r(?fgcj io.n ?ﬁ%%@ﬁg%r di r,ec??%@epr%o%?%tg
| i ght Rsptotypeeingagplied grvoliagmef the epposip g olamity dnd dikktingjup theaed

wi den gpregigdhesi ve substrate |ayer used, for exanple,
to down convert UV radiation enmtted by the LED die to
visible white |light; Figure 134(a) is an expl oded

?/i e\r/]v Figute 1A9H) itusa@adibiin @lﬁﬁ'&ﬁd@ﬁrbdim i a;tha&anl ioff g@idctly €
ight acti ee teri erein.eac r

or odu B8P ED 45F seTe o sty At s e egtered sl
134( b)attrdctivediBIndiess t he nulti-1 ayered construction

shown in Figure 134(a) for formng a tunable
ful'l -color spectrumlight device; Figure 135(a)

i 11 usthigre129(h dlustkestie method shosyy in Eiginon129Xa) showmng thei field
f Or PUlkadddd 11K8Pdice WAHLBME FubordY sdalifed N R3'of ¥ Felbeslbost and

active sheet device away fronthe devi
di ssi (9% Arenfed and,fxed to atadigsivo stbsirair) 9310
PCT/ US2005/ 010051 Figure 135(b) illustrates the

I nven tﬁigu?e 102%&3 Hmu Cote %g n?efthog m%ﬁtﬁ FiI I eh1t299aiv Cv?'ing %\élﬁgl%
attractive LED dice left orjented and fixed to the adhesive substsrate;
Figure 130(s) illustrates a method for mass producing a pattern of LED dice fixed
to an adhesive substrate utilizing a displacement pirx 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 subsirate;

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
heat; Figure 135(c) illustrates the inventive

C ion of a white |ight device having

aﬁgszys&gﬂhugw em ssive layers and additives, sucﬁwﬁms"010051
phosphor, for maximzing the |ight output; Figure
135(d) illustrates a stacked | ayer construction of the
inventive light active sheet material; and Figure

|1_35§] f)b&dglmwﬁm‘?wmmﬁﬁfaﬁﬂhm%%w g&b‘é?@ﬁéﬁéﬁm
ig i,ve, shee L a erein Wradi ation
genera‘{a {‘]’hﬁ l%"ﬁ’égaﬁgﬁs osWsHd%®n converted to white
l'ight wusing phosphor dispersed within the adhesive

e B RN it Bl drybard tn adosminges

of t heusing iheanetiod shown irt Figure d3%al) i on, reference will

now be nade to the enbodinents illustrated in the
drawi ngs and specific |anguage will be used to
descri H30(a) dljystrates @ pygissure raller emberdding $xe BED dipadide g€ oo0d

that n@EhdsivBinfadet®n of the scope of the invention is
t hereby intended, there being contenplated such

al terati ons and rmdifications of the illustrated

devi CFigur IBOgH! tstiates the edhesiiubsiie Vi thle HM dice embedded in

pr|n0| |l es of the invention as disclosed herein, as
woul d * ormally occur to one skilled in the art to
which the invention pertains. The various elements

The vafe B0G) iR WTRhn e ahi G Yallow Hivis the FE 80

can bembedded intthaaghesive substraty are figsdto arid eletctviaaly comnectediotith
al | ofso il c enbodi nents or
53 WO 2005/ 0%%%%@%@5’%% exanpl es herein.
For exanpl e, function-enhanci ng conponents, such as

phos piFgiuse 1308 &'als@Rflatid kil VRwITRRILAE materi
enpl ox_ed al t @%h not speC| fically desl@&%ﬁvcf I'n an l
al ter the Present inEto8r ~ enbodi ment.  Such

iterations are speC| fically included within the scope
f th
of t T’-’l l%rl]{a owsanembodunmt of the inventive ligght 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
sheet. In accordance with the present invention, a
sQli.d- light active sheet, and a nethod
gzg'gi?é%tlfs provi ded. The soli d state |ight PE IPSM‘HMSI
sheet is effective for applications such as erX|bIe
sol ar panels and light sensors, as well as high
efficiency fighting and display products. The

| nventFipgige 132(4) fiows a8 efbodirhént d6ke mm&&%wm meaterial
el enents. fbﬁrl]w as c mrer ci gAj avai | e ED dice, to
creat gmﬁlh??) If’?"’ﬂ T prtesnad cpnduciopiap sybastrate;

si gnage and display devices. The Ilght sheet can be

g PREE 70D R0 p Sl S\ kS e s e

hi ghl WRM&WWMMmthh @ith B vembnelectrical line
manuf %HM:@ Efaag o ¥§||
physi cs. and gl%?%ig? an Qg ectorrnlg@ cAon'lég%%ﬂH ?em

f ound @W%Wém%nal desktop laser printer. In
essence, in accordance with this inventive enbodi nent,
LED dice replace the toner of a |laser printer. The

r esul tFiguge 13 Eﬁ?nsdaé"ﬂ? piew gaavingrthe Yeripusd sy of the inyemativee

to an mmrgmmﬁayshbmaﬁmmf appl i cations.

These applications range frominterior tent Iighting
to di splay backlighting, to commercial and nunici pal

? i gnadiegusniB3(a) ixfafside viewnhowibg miegibaﬂ:maimf the ﬁiv&mee’rﬂhit&ﬁhve
or | Sour.c The
| ventebiERRe g §evest HAEERS Uep RN SiGimand o

flexible, plastic substrate. (1) A conductive

el ect gl PR3l Blaisblieeh Hofth G Ivﬁ% t em&%&g&%ja{;}a%%m

vari e% of we known I gues

i nkj e F?WPfrfgmﬁFgwéJE@c@ﬂ'@quﬁéM light outthelsidgs of
bri ngm%mwmm&@mm idy&%se%dfaf‘é' ve
is prlnt?d ocatlggs ergmtgqlgg LED dice w1
Lot t DPHBRS fogows by s LER heo ey whce

char géigjgat t erni ng nechanismsimlar to a |laser printer
54 WD 2005/ 099310 PCT/ US2005/ 010051 engine, LED dice
are patterned onto the electrostatic drum The die

pat t eFigutes] 3¢(akin ant explodédevieve off 4 multi-igered EstnuctosfinS nivadive

have BagBedvd ik hatiial Dfersi Btk 14 eroc&lcgs 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 pullirag heat
generated by the inventive light active sheet device away from the device and
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,
flexible light sheet Iamnation (5) Finally, the

Cﬁ,ml ight sheet is rolled up on a takes 010051
T |soﬁgog%t1$sheet materi al can then be cut, FHP{UE@S}”

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 formng a sheet of |ight active material. A first
substr I at h wn, i n_Fi

provi dﬁ é’"ﬁ %?‘Hdﬁ ‘@‘%‘qﬁ% g\?’ﬁ?ﬁ gon of 3 113%3?

The fualduelmmnuswbmymdbmuowﬂrghtmnqﬂam,agaamﬁnkfor
fl exi ‘q}”ﬁgﬁ %fi | abl e from Com ng), PET, PAN, or
ot her%l?ﬂl ta egpo’ymer, Barrix (avail able from
Vitrex) or other transparent or sem - transparent

SUDST IFajuide 1333 hieares Hfineh 3RO Hon bt  Wiite (PR 6L g
| ayer rﬁm for exanple, sputter coat

i ndi urk 2yellow essiyve B additives.suchas phasphorfor hi n
net al didriivingthe li€ otpie. A pattern of |ight active

sem conductor elenents are fornmed. The |ight active

sem conductor el enents may be, for exanple, LED dice
havi ngf:gre 185¢d) diinsteate adtableed Sdystccofistialtion of the bveritive BEhAd@Ye
sem cqp da%?ered particles wherein the n- and A-
si de correspon’ o charge donor and charge acceptoor

| ayers. Each Ilght active sem conductor elenent has

ei t hergigyfe Wu&hag@ ﬁ%ﬂ&b&oﬂ oﬁhglﬁvénﬂv 3{@‘?. V‘te mater-ial

communi cat I on et ranspar en con ayer.
The el"deteni T} the LR dichis down eanwerted tewhite 1i ght

surfawwﬁ&w&tﬁﬁ%a&{wwﬁbh%&tm&rﬁl ,  through

a conductive or sem -conductive nmedium). A second
substrate having a second conductive |ayer is
provi ded. The second substrate nay be, for exanple, a

ool yrBrHATLED PERCRIPRBN B Bl WPENEIN e o the
| i ke. Forpurpmsesafigromoting srainderstanding@f the grificiplds /o€ thie arvintion,

o ot acateoee S Ale el B imdeld et 8 -t et

in el enmﬁpm@wﬂhmm descritietthe shine Bwﬂhﬁdermmsélbet ive

| ayer undififio thot APimiR L A bR b IvBibh WAL 19400 L
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
invention 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 comunication can be direct or indirect.
Thus, in accordance with the present invention, a
solid-state sheet of |ight active nmaterial is fornmed.

ent first conductive layer may COE@@’P?@?@“”"“

r
transparen?l coating prefornmed on the first s

For exanple, the substrate nay be a sheet or roll of
a polymer film such as PET or PAN, with a sputter
coated conductor conprised of 17170- Alternatively,

as shosambles Ker@Al ' For dxaniphte fuh 6tioR ABBERY cofPalenBGuciean be
appl i eﬂmﬂ?’“ oan tive ink.or conductive hesi ve The
patter F‘r@"ﬁﬁ‘fﬂ e’?@%ﬂ‘,‘ﬁ‘ﬁﬁ‘% CFHTP, be
f or medspesifically wtrrbedgmam alteinhtive bristraction ofanbther ekvibgdiinent.

Then, - PRs AR e ok RIgt il B3 B

el enendsscribedhareimnsferred fromthe transfer nenber to
the first substrate. The transfer nmenber may incl ude

an opto-electric coating effective for holding a
pat t erFigye &Hivstaig diedmicptive merigd for ppaaufagiaring e prkesgned Light

| ot T i ettt sl gt e
e coiban f tefhi, B maniisriig ihnowas rfeoyded 'sﬁ%oa«nmngw
| i ght aetite shiest isefectieofoclapplications semmﬂs:ubﬁh:@ar@melscaa&

Por it 8wty BRiRs e il Bilan ol &ﬁey%%%%

| i ght lighishest ptilizesseiniconductor élirpents; mmnmwyaiamuim

EEDOBI%&L Sty o or] A, bl s B

mec harfegiges e@twm lwcommmmaenmmm&'mmmw

enpl OM%Em%gfew & ! b Anﬂh%hl&r
printe adhesi ve pat ern ecan ?éb% %ﬁon t mtOf

first verpanpigpturing raathod de aﬁ@tyahqwrlmomphmmd
act i van&hagicaloind dleétidal & o&d&:ﬁb&uﬁr&ﬁ&ﬂ Iagdr €.

Al t ernat . addi.tiona ,. an_adhesjve pattern

can al® @%jﬂ%mdﬂﬂfﬁ#ﬂ&ewﬁﬁs% Pﬁ‘g iy p LED dice

2dher |rqgaceﬁfmn6frﬂas&thtetm rh@ltgéﬁinﬁquéﬁiﬁtﬂiéa%mﬁfa&or
att t cti,ve sen condugtor elenents, can

e o Tl so i Sbo At Brod ol i bions” pRe abpicafis

act i vemeﬁvmmmﬂimrﬂi@laabahkﬁgiﬁm,mgmmmm

Pat t €1ohnicf e 0P R0 B ol SEhh R e R Hincsndescent 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
pattem 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 dram and charge patterning mechanism similar to a laser printer
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of second light active sem conductor el enents. The
first light active sem conductor elenents emt |ight
having a first color and the second |ight active

i@?&?ﬂ%@#ﬁ or elements enit light having a Segepﬂszoosmlooﬂ

rnatively, the first [|ight active
sem conductor elenents emt |ight and the second |i ght
active sem conductor elenents convert light to
el ectrical energy. The first conductive |ayer may be

forwedaxgm@m&de@épdéwﬁh@&%ﬁda&mm&r&ﬁ ’i‘ﬁ&:ﬁé‘gartem
conductive r formed as a grid of y-electrod

t hat e’% “F‘é%%i @‘&h@&@t%@ %8 %%@Pé‘rbsm (4)
: |C ;e Im\a; ga to;ﬁsubﬁiﬂfe&ﬁ?ﬂbdvm 4 @hdtfc]fl{xj' ?th? b?onfghﬁgﬁo dg ietegm stoléc(lj-
di spl ay gg‘hﬁ(ﬁ’fg’rﬂ gﬁﬁg’tﬁlﬁf{l ?ﬁé’nﬂ’gﬂy °9‘5P

fsem c otk istrolledaipena tetks-up aael. Whg]:qﬂ%hmﬁﬂbmﬂi@b%wt,
s Ie ﬁnsf: oér%ﬁ:at& or EHWG&WB@?&CIS’W&&% g gkb& d"lmgg gf newiand gyeful

secondolidrstate lightigaprodwts: t i ng seni conduct or el enents and
formng athird pattern of third color light emtting

sem conduct el, emant The first conductive |ayer may
be fo%@ff%g"%? the eentioncs methadigl e yidedhfer foming 8 dliset ot

fgn ?uam%@ummmtai f@ﬁml bt hﬁueéﬁreeéhsﬁd {ﬂqﬁﬁe 159
a eac r ectl ve | acti ye sem conduct or

addr eI2yied B %ﬂ%‘g@“ Ivadarer, (e St qubgpte may be,
mat elr ifat exempla)glams, flefible mtmnub LPmt: q'IAEN or other
| Xe ustrat es .

P ot bbbl liohed aft TRARSIY o, WREO%x Bt rSntent o pomi-
act i v@mmwbmmenmmpmmmﬁmmmybe,fm
S| OXeRbindig ol {Hafdd kb b YEIY (NS, 2 Ly AEHALE & thin_

sheet, the conponents and processes can
nunbe mmeAl film, s fadikens. The exanpl es herein depict a
sel ection of such iterations, but represent just a

few of, the p% I bl e process and material conbinations
cont erfbPeiEmip! [ght e Semirpbductor elepis me et Telibigactve

St r uctserieandudior didhines masabéfrf&l&cﬁnp?e LED dide hhvifg MRSididd aRd b -
provi %@dggﬁf st conducfive surface is formed on the

first ROy sermicopdyetor lpyersd pavticles wherein tha g- 3 p-

t he ceide mrrespmd wdﬁQe donot mdtdaﬁgeacaépmreay&b ORdith libitQctive

adnes Aty e B in i of b prsiest i, 1

exanp Femmpni¢aion mﬂaﬂw trapsparet condedivelaydr hTheeddctriead 57
communication may be direct (i.e., surface to surface contact) or indirect (Le.,
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 metat 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
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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
substrate is provided. A second conductive surface is

[ n.the second substrate. The first su
On?'%@g”t' the second substrate so that eithgﬁ{.’ggﬁﬁ %10051
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 cat hode

si de oblettheal M&éﬁb&&&i&%&aﬁhﬁoﬂ%&m%

with the second conducti ve surface. hown, the L D
di ce nBIFSELIERE @40 W‘?W"E‘Eﬂ%@@ﬁ%ﬂﬁlﬁ@

appl i ed to the top and bottom substrate, with an

i nsul a adhesi ve. a bet ween the di ce.
A or oTBE g R SRR e b ottt {podoizgt agating

gppl [ eurmmeﬁmmbmammmﬂgsﬁmmmngmmmu
otto t CE

el ect m"ﬁ }[%%ﬁﬁ% ’?&%?ﬁf?ﬂeﬁt@ovg{hangg%&%%gmﬁgﬁf ate
condchW%@ﬁE@eﬁ@WﬁgmWﬂmﬂ;@emm coating
applie [ E%?Mﬁ?

al terng?%é‘gﬁlﬁgrﬂpéwgﬁ%ﬁ%ﬁg “A‘ﬁ'é substrat es nmay

have a conductive or non-conductive adhesive applied

to it ﬁﬁm%ﬂgﬁm&kﬁﬁ&ﬁtﬁﬁﬁrd&ﬁ&%ﬂ%ﬁﬁﬁﬁﬂ ot-die

coatin ect ostatic, coating, eta and the “dice
adher e &% %‘ﬂéﬁ“"ﬂ uctor dlements tg @ drgusfer
The fi nmtmombu,ahe ateacted mﬁamvmaﬁdﬁﬁrw ai@ transferred

conduc QP f as one . of a
conducﬁrl vgw%%sal{ 'ng, 3{%6}# £t M%W%ﬂ“
adhesi mmﬂmemmemmmammmmﬂge The

|C ggg ;J C% ne o a%%%gﬁércg?&a% e se C%cﬁrgfﬂéfé%@&%t&ﬁng%e light

sur f actstivesseminoadustorelgments an éormelsplmaﬂm of lightssictieen d
s eCondsekithdicf Slomll Thi érikalp e Y2 opRULCRR SofR chifbe

forrred u3|n prlntlng nmet rintin

cHmprie e g kg G o ae{LER)light soptge, similar o
rret hodthe pmbasﬁaredpylaﬁ&bﬂmm?ﬁﬁ&si Tiits, She thamsfGGh@RYer

printing nethod ravure Pri nt| ng nmet hod and a donor
transf%’?“ Eﬁ%ﬂé‘t°1”‘°p$?°ﬁ1 mmmmm
be formmmmmmmﬂwmrgm&&ommawm
substr }%e adhesi ve | ayer may conprise at |east

one of a Bon tuctive adhesive, a seni-conductive
adhesi ve, an insul ati ve adhesi ve, a conductive

POl Y Meky adheste Battern 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
pattem of first light active semiconductor elements and forming a second pattern
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conductive polyner, and an insul ative polynmer. A
function-enhanci ng | ayer can 58 WO 20051099310
PCT/ US2005/ 010051 be formed between the top substrate

he bottom substrate | ayer. The
f%ﬂ%”ﬁ' %ﬁ anci ng |ayer includes at |east onePGT/UE2005/010051

re-emtter, alight-scatterer, an adhesive, and a
conductor. The pattern of LED dice can be forned by
el ectrostatically attracting the LED dice to a
transf g acitGethidGiiubtbPdisdis! ThEf lpnAchiveACt ed
LED dice fromthe transter nenber to the first

c onduc Bemigondygtorplements guit fight having a firet oplor and:the seepay light active

an opt @mﬁb@ﬁmmmwzlﬁhm&tg 28con@ E:olBAOMteﬁﬂuﬁly, the first
el ectroostatic, c

patterped e atte

el ectr @Faﬂe W%”&Wé’}m 9‘@“&% active

el ectrmednaﬁad:ﬂ@enﬁﬂsmwnguwuwﬁcﬂreﬁwgg the pattern

of LED dice. The opto-electric coating can be pattered
using at | east one of a scanned |aser beam and an LED
| i ght mmomﬁw@vet lmnsﬁjebe forvedas a gud/ofxeelectrodes,mnd the second

flat
transferrl ng t I ce m@gﬁo&ﬁ%ﬁg a mmh@t

pi ck- ammwnﬂmetemm mtﬁssablﬁﬁm forping asyeet ofdiehtrgtiver
the semaRRdhsibRof 'a$a pikeled GhbntONL O an

adhesi ve surface appliedto ?he substrate. Figure 3
illustrates another inventive nmethod for manufacturing

? i ghtrhﬂsatmv:' h?fh@h&&iveﬁhﬁﬁéoﬁdumd tm%ﬂcirﬁié@bﬁﬁimm't a
types mi conduct or. e] enents. at en
of PV oft e ot B e e S8Rl e, or R A poond
by f or pittegn of sédond tolorlightteenittingrdemidonditctol eleghéntsonndl forming & third
sem co rn. .
of " 'sooh aafd SIEF Bled olthe s SR ARERE T Bl Sucive
first layggmaybefirmed m@ﬁmummm secandiconduiiipetayer
havi ng i LSt Hﬁrlhﬁt q,%g“u e

sem COtI:I uct%rsdgrﬁa%kgnts em t %E& Vi n ﬁ%%s‘cgg%nd

col or. seﬁnl@eéwuw@tdsﬂssablﬁ@rﬂmashwgmh ixpgnadterial capable
sem copchudtiohing! & HN-Sol6r fikeldiddWikplap Bsinfoagtsecond | i ght

active sem conductor elenents convert light to
electrical energy . The first conductive |ayer may be

f or medrigere @ ilfiistratesinotherdhwebiivedsbliod fot MihnbhiauERaWghk active
sheet, In each example of the mechanism employed for forming 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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conductive layer fornmed as a grid ofy-el ectrodes, so
that each respective light active sem conductor
el enent is addressable for form ng a sheet of I|ight

a‘yvtolz Jg%erl al capable of functioning as a 8@@%@&%@0‘}51

di'sp y conponent. 59 WO 20051099310 PCTI US20

The pattern of light active sem conductor el enents can
be formed by formng a first pattern of first color
light epittin sechonductor elements, fowing a

secondFUPEEAE: LEDlischan an gfiesnd aicgthedecsivit ﬁlsmgmd substrate is
seni cmm&@rAeéc&E@&hmwsuiﬁééE R dnthd ﬁl
third %ﬁ?ﬂ%@ @PI ng sem conductor e errent

first SorRpd sybstrat sathnt ﬁﬂl“epfﬁeiaﬂ"@fﬂﬂdﬂlﬂ
x- el emmesdeanﬁemdﬁmaﬁaﬁﬁwaaﬁw@uwm{mﬁ@f med
as a el ect es t hat, e espective

|i ght 9%1,0? Xs otg%?tg?r ? @%‘gthF%h"ﬁBF‘d? oftha LRP
a shedicmmd@ﬁhﬂ@ommmmmﬁempab&n&umésuﬁme As

funct GhSBER
cgrrpolr?gmvﬂ' The |ﬁ{\?g#ta¥§/e mﬁ%gh%%“%g%wﬁphﬁwme
exanpl/teP pif itigoysubstrate switinan insvlatorpdhesiveinppliai betweemthe dige.a

Il-t
gy S Sl o ¥ i o gl

sheet TR anql?f’“ﬁﬁ‘é&}]’mé@m Hhg dt weﬂma@@mm
the i cosmbtivith, thaoﬁmctmom%uw lc6tNlctive &ur?a%rﬁreﬂgh@he

i ght A first substr
pr gw 3fagnp "RP %%?P%E%ﬁm}e eAS g ()“WFB%I“’%%@“
fir st or bothof thetsuhstriteqast lavea ahdwtvne sraloodaidactive kdiggind S

Isme goﬁgﬁct or tﬁgﬁ’e%ﬂ%&g Lﬂkg&m’e@t"%" @ﬁ‘;lfr 5 ‘E%W&F“%Plﬁ%mmc

and aSesinggec.), autbpdios a@m@ dirdetly onsclrmmpod botwednehe substrates,
sem conduct or el enents may conprise a crystalline
silic e bacqgs soI ar panel -eh%!pe sem conduct or | ayered
str uc ed as e pandugiivie patiom CDJapmeédf

str ucamasowabenm cﬁﬁgl%tar&ndu%ﬁvmlﬂpﬂﬁ‘é%ﬁucnve

limted to, various t

| |4
71 P B ho e ot B B B B itk e |
t he amnduuaz Mdm&aeﬂmp&ﬁtmlﬁﬁeaﬁdcbﬂuaﬁrﬁme

:Nist PO#MM%E se d. conlqﬁgc@ ive Eurface
is fum@ntm@mmmmgmm‘smbmmﬂbe
the chah Qﬂ@&fo@%@aﬁﬁﬁ%m&egfa% S'demeIhoéhe i

sem conduct or
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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elements is in electrical comunication with the first
conductive surface and the other of the charge donor
and the charge acceptor side of the seniconductor

i in electrical conmmunication with
&@gﬁ%‘h’gggﬁ@uctive surface. 60 WO 2005/ 099310 bEfruszonsiorons:

PCT/ US2005/ 010051 The first conductive surface is
fornmed as a conductive pattern conprised of at | east
one of a conductive coating, a conductive ink and a

condudieiformedatveden the tofl substradHyei 69 bokbtR sitistratt 127629 The

the seg canducti ve.surface is a transparent
conducripon- Skt faver iglbdcs st fonst ope afaire-sRisen  Hettemtprer, an
conducdhasive, sandfazonducr.pr ef or ned on the respective

first and second subspace. The first conductive
surface may be formed wusing a printing nethod. The
pr i nt i g petisen ot LER dice cambe frmed by Eledimbtativally atifacting the LED
| k] elaidRHd Sichior Mo ancndyAREL R AL 98

sil k-screen printi ng&dﬁg% od, af gr %%ﬂﬁ%&gomﬂm
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adhes iax Gptb 3¥ekricCditing RFecivs P Hollkak

substrate and the pojtom ,subst_ra?g- iﬁeaé‘ﬁﬁg%‘?"vq g2, the
"y or PSR RGPS Sharee heing egieive for sleaomairell Yigacting and
adhesifaming the pRi¥in-ofQEDULdl Ve adhesive, an insul ative
adhesi onduct.i ve pol r,, a, sem - conductive
pol ynefrﬂ;&pzﬁfgfegﬁmi"ﬁw g atjeast one of & scanned laser
Iunctmmmm ligtxtmyme.‘nmmmﬁta:ﬁmb ayllﬁt ?\I&@ﬂl dfeplanar
op s a om su ate er
wher ei n Bérﬁéle?uncg [-Io'n?ﬁei%l%%ﬁ%‘f% a tﬁ%‘i‘ﬁfﬂ@’s‘%t’n"h‘d"a
| east Piskrandaplage fobotisimethad; or simple spininkling af the searicondmtor
adhes léMentsdd,, ED di ce can
S, oSRaPUE Bl adfVs oitce Siphed y dlyubihafy

be fornmed by el ectrostatica
dice to a transfer nenber, and then transferring the

at t 1 apiged 3lillndies olto ok mbdH ! SinMEHRRY o i bebGe

first conductive surf[?i e. The transfer nenber y

i nclu il’ﬁ‘ﬁn% QU Enae &%“t&ﬂ%ﬁ phiighaciivasemigondugior elements,

Pat L Cp e Phee oSt ot e e e b g ol fopuinga st
atte .,ostatic .charge being effective for

el ect #’%‘%ﬂé’? h?“g?‘F‘@ adivp F%ﬂ"ﬁbg%wgﬂq‘%m iqpning,a sesend;nattem

of LE®Ssedondlighttactivesemiceridactbrr slemeaa ThéGrstipht dve

pat t efp&d j orriShts e of sgcanned | aser, .beam

and agn LED | |‘g%% sou?%gfﬁkhf ﬁgwﬁaﬁﬁgﬁrmﬂmwnﬁ&@twve

s hapetttipgndcyr glements ernis light bawinga ssemt) eolor, Alteniatily, the first

shapetight active semiconductor elements emit light and the second light active

semiconductor elements convert light to electrical enargy.

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



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

ﬁﬂ]z‘&&rbg&‘f{ or elenments in place. In accordan ET/’ﬁ'!sfoﬁsmlonsl
t are

'S aspec of the invention, device structures
provi ded for sheets of light active material. The
exanpl es shown 61 WO 2005/099310 PCT/ US2005/ 010051
herein are illustrative of various iterations of the
devi ce structure, and constituent parts I n each

exanpl an be xed in addition ter tlons no
speci fﬁ% @EWY%W@P@ Rii
trans pﬂ:sqmterh iof Bkt coloR Giglﬁttelmﬁné Rytivonduistod aleierits) f@fmdgl agbdond

gatls;/?% er@%ﬁ%ﬁﬁﬁ’?ﬁﬁﬁ‘t gﬁts fiXx dtoﬁhgflr t . a third

have apattemnsif thirdaolor lighp empitiihg seritigoridubtonéiement t Thedfirst conductive

) SO R LBt i

t r ans pRroed as ¢ grid st elentrodes, eq thatgachsespactive light eetivee has a

S eCondsefAkicior kBB 8ble fMBorRfRSthiR oPliht 4cd ﬁuttsml capable
second substrate to the first substrate SO that

ot her ®SffumcHening agjndll-calorpixelated disping compargeth | i ght
active sem conductor elenent is in el ect r| caI

comunj.cati on w th. the ond ond ctl Thu
a sol i tedpvgpre; 551? % employed
trans pﬁrmungarcsmwedhdmeumhﬁgtmswmmmmmmng

transp 0 the first at a
The.tr Ar et B so-Biso bl aftlt REprelritflos BBkt
conducaspectofthdigwsintion, a Ayethed &sasouéedpfat fooning alight-ixearforgy dexice.

on the stoas bio hEE
I'i ght %fgt*sﬁ% semg guct or ements to ? %n%ﬁm
subst r @buratenlA pafterg of searigondugtoralpments is-farmed onatlw mclw@vev e

pat t er gutamY BchsahidBiiduSdr elbhiént borisesSd (il 8bidr §idé and a charge

adhering the second sybstrate to the first substrata

Fi gur e“g"pf":‘.' cf gyﬂgﬁ%ﬁm UGHRF BfPmSTs maK CORPHSRS

: i gEt aptaline siﬁhmebasb:gma@aha?ypedaﬁih&maabr i ,

i ght tive.sem conduct or enents oriente e

dri veﬁﬁgﬁ“f‘% @8‘ ﬁ‘i"}"gﬁ'? g& nﬁ"e‘ﬁ@‘i%g’ﬁhe

pat t ersanmbnduc@helemmtst imlmibntmdlmﬂatto atiewrhih Sinvadorphous

conpr i t ctive,

senic o ?élhéoﬁﬁ %s?euﬂ: kng ttsue arl &lglilaveal)een particulated.
In accordance with the inventive method, a second conductive surface is formed
on & 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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and a second pattern of second |ight active
sem conduct or elenents. The first fight active
sem conductor elenments nay emt light having a first

Cﬂb%os?b% § he second |ight active sem Conducire{*mszoosmmtm
e S t i ght having a second col or.

Alternatively, the first light active sem conductor
el enents may enit light and the second Iight active
sem conductor el ements convert fight to electrical

energﬁheﬁ&t%msmﬂfomlﬁm&@w&%m RidécEortut

Isf]ezt (ié]a?t\s/ nﬁg Ctl O“%l. VI Cgl n%):q\gfcﬂ@ act i, ve At

to i nﬂcaametowéwmmmekmhnwmtmmu&maatmmumaon

Subst Poran of ol G bt dPShg L5 e R s
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secon trate

and a . cgat hode S|de as a secon

condu %B“@'&Hﬂ‘%@?"f losgs griggingmethad, asilkrserpapgprintingymethod, @
first grvieiprtity fhethddMid 3AeARFaditl SheeBi it Pmbiicf, €1 t her

of the anode and the cathode side of  the LED die is
in electrical communication with the first conductive

surf aa’a,ad&dvetlt)er mbe forméd beweeh fidep s’hﬁﬁrﬁe‘ﬁd %Mﬁl

SI de in el ectr nj cati
?&be second {hsst %”"?W‘?ﬂ}l’ﬂﬁc’é “%‘? tlmm uctve adbesive,
condu@tSWeccmduM@adheme, meinfulative ithesiveaa camdoltiod potpmer, a semi-

gg;?%hdﬁw oﬁﬁ%l vemﬁﬁi and150 on‘ghm??ve%Y%rm

At | ehslorged Weﬂﬁems@,ﬁsﬂm&mmd the bojtoh wmayeravhermn

sur f a@R firkti Sn eiBAGRALRP Inclu§R 31! Qe of 4
the first and the second con ctlve sur ace ca fs

prefo Ke: @pfha ¢oudwtrt i ve first and second
substrate. The first conductive surface can be forned

usi ng r|nt thod he tin hod may
corrpr;rfs‘ile'p Peé ?‘E‘TYMM% LER
| aser dpetommfenmemw mmmsmmmwmo dié 266l the
a gra and onor, tr r _sheet
print #ﬁ%ﬁrﬂ{eﬁﬂé‘t@%’ﬁ%gﬁd s\"i%?@ ﬁ?ﬁ?ﬂgalﬂﬂnﬁ’% include
| east W@EMh@MGmeowmbathﬁcﬁmc charge, the
substg ﬁ&ﬁed-r@ﬁc@&ﬁg G SPIRLLAS eas.t e
of a gonductlve a ﬁ esl e%géﬁ. fo c%mm%
the pattern of LED dice, The opto-electric coating can be patterned using
at least orxe of a scanned Iaser beam and an LED light source. The transfer
member may be shaped as a drum, a flat planar member, or other shape.

’

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 semiconductor
elements in place. In accordance with this aspect of the invention, device
structures are provided for sheets of light active material. The examples shown
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sem -conducti ve adhesive, an insul ative adhesive, a
conductive polyner, a sem - conductive polyner, and an
i nsul ative polyner. A function-enhancing |ayer can be

gﬁgsqﬁgg]?%w\gen the top substrate |ayer and thﬁcpﬂgio%mom

yer. The function-enhancing |ayer
include at |east one of a re-emtter, a
light-scattérer, an adhesive, and a conductor. 63 WD
2005/ 099310 PCT/ US2005/ 010051 Figure 7 is a
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ol ysi ene oxi,de):
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_of PowemicSuductos sleth& islitt ﬁleétﬂéﬁ)éﬁmmméﬁﬁﬂl fid¥ecbnd Sonductive
i ncor tﬂﬂmb&/s E% %{Lﬁﬁﬁ,&) The em ssive

particul ate nay rcra lm?détble LED di ce,
such as an Al GaAs/AI GaAs Red LED De - TK 112UR

avai | qhb&aﬁipﬂl‘&um%&iﬁuc@%'l&%%'fcﬁ{np i ddifing

particulate may be corrprlse t- to energy
parti Prefharmed opthedfirst substyat mmmmmmmmk

sem conechiubtivelsaheeive , Aﬁk&hbsx ReSpaft@h Ridy bﬂa&ﬂd&'oﬁ%ﬂmﬁntsubstrate

sili C%n?‘gﬁ%f?gﬁ%%{f&v'{‘p |s In the, ~ case of

ener gy @ﬁ#“@w sempiqopdyictor F@Gﬁmﬂ"!ﬁ%y

ble pr aﬂnm'aibl e\ltémmvblyﬁor a&ﬁﬁﬁaﬂy, R hdhedivl paitéin Ry b Stmed on

el ect an the,sem cgnductqr

ol ore e TPt by e 3ot SSERe 6 et bt

conduct|V| ty |s through the | |ght emtting elenents.

In thp Jc%ﬁ% a. sol ar

panel igla>s r%E'L refera ﬁ%ﬁﬁﬁg’f’ﬁ?%‘@ﬁtﬁ

to bedi @tm@@fhstsmvysmmdmmmﬂuannwedwbedmmm
opposite polarity electrical energy. The pattem of light active semiconductor
elements may comprise & first pattern of first light active semiconduactor elements
and a second pattern of second light active semiconductor elements. The first
light a<ctive 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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sem conductor el enent so that charges separated at the
donor/acceptor interface effectively mgrate to the
top and bottom substrate el ectrodes, Figure 8 is a

y |on view of an inventive |light acti
ﬁ%@?ﬁﬁﬁﬁiﬁélight active sem conduct or eIenen¥§nﬁEﬁ&%MNwl
di sposed within a solid-state charge transport
carrier. As an exanple of a candidate solid-state
charge transport carrier, an intrinsically conductive
pol ymer, Pol y(thieho[ 3, 4- b]thiophene) has been shown

to exhuRidishbRRGRES q{&‘, ?’E"%SQH EII (s:‘t‘?elet and

mechani cal propertles
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act i vBxes thedirst hubsiratgioalre setond hibstrate sotapdithed ofdieiﬁ&fe%ﬂd the

bet m%hgagﬁ%ﬁﬁ)&g%h&)%&ﬁﬁﬁ”at es. The [ ator

may be an adhesive
pol ynganduggive surfage, Qﬂdhﬂ”ﬂﬂlet hﬁhesmﬂemmw catd'irfde gide ﬁem BED

(e, 9. dicd £ ol B ufteBwic ddVoeck QodiieBO Rl

substrates through a soli1d-state con
charge transport carrier or solid-st ate el ectrol yte.

Alterﬂmtﬂmebnduuﬁvbﬁuﬁﬁmaﬁ%ﬁ&ﬁieﬁr Eé&ﬁ&&fvép&%ah
di rech ont a]ﬁ with the top anél's bott om conduc %ph&d(’f

di spo &t SR :}’ﬁ“ (FRt8 & Somductiye ik and aeo FR!WP pribesive.
ad hesMasmmwfﬂheﬂmbmﬂ\ﬂaewohm eoﬁdiamlsﬁﬂmbe Stfmsafnt he

t b he di [

ol oot ruep Aol 3 of Bt it g furtace o be
condutrefprmed opithpuespectioe first and mndsstﬂ:elﬁte. omelﬁm contuaivet he
| NVerddig chd &F@g jng an

sem ¢ nduct o%rln%ﬁne% e%nl}?%r form ng a full-color
| i ght \eethod may, pampriserat dedst enetof eninkjetprinting ethe, a

may bﬁeip}mﬂ@lmaﬁoda gkl ,ﬁ,ﬁg h
second, cqnducti ye ?ayesrgmgﬁcop bas a gWMMOd
of y- SPLR ?W&E%‘“}. éEﬁ‘E‘ﬁ li ght active

senmi conductor el enment is d| sposed at the respective

I nt erge Qéﬂeﬁpeslay%}icancompﬁseatleast 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 finction-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 a re-emitter, a light-scatterer,
an adhesive, and a conductor.
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the x and y grid and are thus addressable for form ng
a skeet of light active nmaterial capable of
fvtlcti on| ng as a pi xel ated di splay conponent. The
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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[3,4-5]thiophene): A p- and n-Dopable Polythiophene
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efficiency. These devices may al so be configured as a
light to energy device. In this case,, a first
conductive surface is forned on the first substrate. A
F%%fﬁ&ﬂm&ﬁo sem conductor elenents is forned F?nhgﬁmmnmwl
CORduEH Ve pattern. Each sem conductor el enen

i ncl udes a charge donor |ayer side and a charge
acceptor side. A second substrate is provided having
a second conductive surface formed on it_ An adhesive
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surface, arﬁo the other o he charge 66 WO 20051099310
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of therigRed mss%ﬁmwaﬁveﬁghem%%&gtmm
communi cati on wth tqt;g second conducti ve surface. The
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o ondueEpslraten atsaher 8 epbe dicedia dleieel Gstachwitb e e andn

i nsul ajotive cadllig@sisve, a conductive polyner, a
sem -conductive polynmer, and an insulative polyner.
Figure 13 is an expl oded view of the inventive |ight

ag:} i v_eFigMﬁEik ?bmssi-s&gioﬂq! Ivﬁ#vtofﬁladitwgikrgw_ aﬁﬁwtehEB&tliHv}in&an
adhesi ee e i,ncorporate i n iy
manuf ac u??%W%dW%Wﬁ%%&ﬁﬁmWBl e
po |b n: display. Bhectingsicendutive trperlmeny bpfoshat amcg;:ﬁbﬂmmodﬁmﬂ
subs Ecdi§ . r rr .
Chen. o ldiivl iyer Rtnfd &5 BlSr) s Bl B
bet we dighttaptive semirondudier elementdx disposediabthe caspbitivel inteFiections of

I1i4 Lfﬂﬁﬁb?%&hﬂﬂéﬁmﬁ&e&aﬁ?ﬁpmam@m&éﬁw a
9" aterial capable of functioning as a pixelated display conponent.

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 layer may be formed as a
grid of x-electrodes, and the second conductive layer being 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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active sheet utilizing the nelt adhesive nesh. In this
case, heated pressure rollers nelt the nelt adhesive
mesh and conpress the top and bottom substrates

o effectively claimthe LED dice i
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si | ksmmbmmmmmglemaa ww&gm%ﬁw&hﬁﬁw@emm

dr opl d to.hold .t dlce |n ace

an dllO orﬁl‘%ﬁg‘é e”]e %’p"f%%%‘flf&f’%d ‘Ehﬁiﬁ

S E bslt fragsport mgteudiaealemolitegmummg &tc. mageetﬁbteﬂgd didvbef

t he ect

r esi stlmgfél%éoa %ﬁ%‘%%ﬁ&e%%qg%&&%@ péqnhnw%glemodes
condukt%easgﬁmaetpammmmwpmmmmmm
sheet the @fdidh@ "

charaéerllstl cs%gf H%g%@sg%?&?% Lh‘%' %fem%eet
mat er PEFECE gur e 19 is a schematic view of an

i nventive nethod of manufacturing a |ight active

sheet,.  wher ej n a h and- sprocket systemis enpl oyed
to enlupedevic t‘&ﬂ&&?ﬁ‘ﬂmﬁ@%ﬁgm@mﬁo@ﬂmwm

the i ﬁmennduc&velsug‘atcb:ﬂbmfeﬁ ofl tie fifkd stibBPate. A pattern of
semiconductor elements is formed on the conductive pattern. Each semmiconductor
element includes a charge donor layer side and a charge acceptor side. A second
substrate is provided having a second conductive sutface 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 ira electrical
communication with the first conductive surface, and the other of the charge




manuf acturing process. The holes in the substrates (or
a transfer sheet carrying the substrates) line up
with the sprockets that may either be driven to nove

L%@@P@#?%ﬁ ates, and/or that ey be driven byPE'PfESZOOSI(DlOllSl

the substrates. In either case,
rotati onal position detection of the sprockets is used
to control the various active elenents of the
mant facturing systemto ensure accurate regi stration

betme%ngmdgﬁ%ég%ﬁbﬁmég Srulfcgr?ductg}’ﬁ e J | Eht. 1

active shear mater| fgure 20 I's an |50
of an PRNWRicstion vath theserend eanductize sufaes (e g, LED di e)

having a magnetically-attractive element to facilitate
di e orjenta n and _transfer. The dice may include a
magneti gf’??‘”‘g stive urfacaspay bs dormed paductivesiatiern caprisgl of
20?5/ agw&:m/caﬁaa%m /oaagﬁgtalgonﬂl aweqﬂmt &b cHBEARD h‘ﬁ,gg,t Yoy
active, n e net j ca ctjve conponen
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r es poresusiugtor. skt leasixine eﬂﬂmﬂgtmﬂ ithe sédoﬂdt Gbndifduguﬁ.@faé’e]may be

il uStyp m

el ectro%‘% atic @‘ﬁpége‘m S%J%g&fgr SB‘%F@FI f‘?fg“dgﬁ‘ﬂemay

tr ansfcé‘PPfllsﬁgt leasprnetof the tapfsubstnte eutitie bdtiom sabstraten The aihbsiv-e
a  SUlberikdy @ompidUf ﬁa@&e'&huéddﬁ&%

Soni-BhnddRive
el ectr&st ati c. drum and gnetic ractl on soureect or

orien ve, Ajjingylative F@Pﬂ%g cqndyrsive Efrlrmt’&fa sewivecpduaive t or

el enepbismeind o8 idsiRSlepalyfier. The i nventive |ight sheet
can be configured into a wi de range of applications.

Figure 23 illustrates an inventive |ight active sheet

t her mbigorert8ds momdtwmmwhﬁﬂaéma&ﬂea%h fing indlk!" €
24(a t a vent.lve |i.ght active sheet
f aér |) cat eﬁéﬁ?o’?@e T%ngﬁga ghept Jpay, M’BP”WQ\S‘W the
vol t agenudetus of thelight dctive shesd aiching suiwable poisty Fod Xhhple, it may be

|e|n\e/gtn | ve |gtﬁt act |We§&%¢¢ ?ge%g%ﬂﬁwmm

| i ght 2fsgithe d %cemmvﬂtm&qsmgesammmmmwpmmm
for cwwlwm@xa&hhﬁmc%ﬁ ektfod of ST Wﬁéﬂfre

25 is CI 0SS- sectl onal Vi ew of an i nve

sheet a%mhsfi?é melt adhesive meslt. n thispase) hemted bressureiroliens
f act Omelsﬁlsmeltﬁdlﬁél%@h&ﬁ @inpfedkhé B and @s%@& ethe
il us{o ‘r:] ve, Ioaﬂght sﬁle’et c(g%?l%uure tog
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conductors. Conductive adheswes, electrolytes, chmga transport matenals, efc.,

as described herein may or may not be necessary, depending on the desired

functional properties of the fabricated light active sheet.

O

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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el enent of a vehicle windshield. Figure 26(b) is a
bl ock di agram showng a driving circuit for an
i nventive HUD with a collision avoidance system

Fﬁgt&@&,ﬂ%{] 1ﬂl s an expl oded view of an inventi VEC'HI@M]SIMO{M
sheetu

lzed as a thin, bright; flexible,
ef ficient backlight conponent for an LCD dlsplay
system Figure 28 illustrates an enbodi nent of the
i nventive photo-radiation source shomﬁng a

seni cofiniples. anﬂﬁmase,ﬂsbmnrm&mkma S’ @4&1&5&1@

condu ier ri x A ht act | ve Ice
i ncl ugﬁ?\i‘? ?‘Pﬂ copdypter elermenis; t hi n
a carrier mat rix nmateri aI 69 WO 20051099310

RS e B B
charg der fixing the semicondwaighelehentsdict)do the sibemisia@lop For adhering
par t i ahd 35 SubstaiOrothHoRES sRstrasd %%ﬁi;@ﬁgerpg@gmm’a%“%@

into th%l sem conduct or materi al
car r i Op teFubsirrie(shand naay WWM@@Iwmpmmﬂ&al rs

radi & m“”‘““‘““ﬁ%m 5, o il dropifls il Be ot agring

radi a mtted from esemco uc

Alter:qgtf% ﬁ %ﬁ@(}%"é‘ BHWMMI@W&MM&
conpomsemmﬁﬁ@ontﬁymt m@m&% ﬁ@'a?éﬁreﬂgedﬁaﬂaﬁﬁm
my bi.s ﬁ) eag‘gso t hat tﬁﬂg received I'n

seni condu PT to SR Bé‘f?ém@gﬁ&mswwm
el ectrons. In thls case, the photo-radiation source
acts l; A |rst ont act

vt "B 18 A UniS By of el ol Pt m dlektonh o
an efesigtencegeduriag Gprdhﬁiﬂgmdmﬁeme’lhamhducﬁvdwlpwcm be

e e e A i

mat er #baet meteridlayer or second el ectrode
is provi ded so that on application of the electric

et r | Ebfte 105 o SR GO bR investive metiod of manutacturing  light
active sheet wherein a hole-md—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 & transfer sheet carrying
the substrates) line up with the sprockets that may either be driven to move the
substrates, aud/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 & magnetically active electrode compenent, or an
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polarity are injected into the sem conduct or

particul ate through the conductive carrier matrix
material. To forma display device, the first contact
I@be2 936he second contact |ayer can be ar ?@‘P@gﬂ)ﬁl@mﬂﬂ
£ O En array of pixel electrodes. Each pixe

i ncludes a portion of the sem conductor particul ate
di spersed within the conductive carrier matrix

mat ei al . Each pi er is selectively addressabl e by

appl yad@mal 4 mmtm cont a‘g{n&ei CE;JI?O eﬂn

cont agy hlr o%)eb and.. M econd
The sem conduc © By et g1 ipsPQes toan appliedimagneic
of anfitli-gBigire 2hillistentes themmgamagmﬁe ai—ﬁawg&&bstﬁmarge

sbm cm}g,y can be for ex
doped | norﬁggﬁl C %%g‘é‘%ﬁ% %fuggr#emmma
c onpofrfitates Figure4Zillustratiestheuse bR e!ecﬁbetaﬁeammcmdmg.%

par t i etdcléPsoais o aftiﬁ an
light_emitting 70 O % §5’6§8’?‘g‘f@651
di ode® N és“hsﬁéte‘sem conductor particulate may al so

conprise a corrbl nation of organic and inorganic

mat erjal. rt. characteristi cs such as vol tage

cont rhﬁ“ﬁ’ k%%‘e E‘h atidle gt ofapokictions.

em sﬁlmmﬂmmﬁnﬁnh fau@bmeﬁﬂ&oﬁ Gt 3 i ee
It

The eifGLLof a from any su

conduct| ve mat glrgl B f?g?ﬂ‘ﬁ EMPP@FE

thag W%WWMWWW@FMd

condy ﬁ;ﬂmgg ectr@éﬁ?ﬁm Jo) terials

i ncl h{}&‘i? WI deﬁﬁéﬁety of €O dlﬁg??g@} &} igventive

i ncl m:qteltﬂn-hﬂb fond-}faaotlimmgmvdnage

("1 T%ddmoﬁatfaloamﬁmgm al

silver ?H‘?F@%g i.ndi um an@ rmgneS| um ;:3’ gg n%osﬁ

magn8 aepi mvmemwwwmmwgmm@mon

f i be tampstaudelfoth Gidtoy s el WighiloDd(a) and (b). Figure 26(g) illustrates an
inventive lightsheetconﬁguredasaheads—up-displa.y (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 utilize-d 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.
Alight

active device includes a semiconductor particulate dispersed within a carrier
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organi ¢ pol yners such as highly-conducting doped
pol yani |l i ne, highly-conducting doped pol ypyrole, or
pol yaniline salt (such as PAN-CSA) or other pyridyl

ni.tr n_contai ni ng pol ymer, such as
pgﬁ)fﬁ'%?“?m?vi nyl ene. Qther exanpl es may i ncl uRET/US2005/010051

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- dopedthe Ripfist defrinihAdHl My Bh HRINEEVePRLYRGS SRBRARYIRBRT and

As sho in Figure 29, an enbodi nent of the I nventive
phot o- ation source nay have the sem conductor

parti cchatges tambermduiiat todReicRauEotRSicuilRE TRItHafdey §F
particulate acts as point |ight sources within the
carri ePPR8¥% i x material when holes and electrons are

71 WO poladty afe9img Gitd (e senfiidtfictod datfidl combine i fofin eiaéke carrier

reconbi g j The . i tons decay. W

the em Ssl %ﬂgfg%% a"?‘.q*é‘ﬁ‘?‘%ﬁﬁ%?ﬂf’ i“&ﬁfhe@ﬂ’é’%ﬁ??} Hmﬁm“s’
accor dantbat lightradiation isandted froni the senticondyctadr imaterielri Adteinaiively,
partic DEmaMt t ' . L i
si gni fimggﬁﬁcglngjﬂgrl ty oa? %W%ﬁ%%ﬁg%% smgfaéh ation
pr oper FRPresnaybe el Hatliphtreepivied infbegemicendustos particdate

(or  apdditedh N6RELBRLRAS Th thistadd] BOPIRYI-radiklibrSsolRS bk £S5
the |i ﬂg{t out put fromthe device, greatly reduces

cross- L&' P¥t ween pixels, and creates a protected
em ssive structure within the water, oxygen and

O R il B el Sl o

di sposeectti¢ fidid chatge eargerpnadtrit haeiega polarity ap iertkd habd them
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 chargs 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 elecirodes. 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 ieast one of an organic and an
inorganic semiconductor. The sémiconductor 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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el ectrodes includes a field reactive OLED particul atq
that is randomy dispersed within a fluid carrier
matrix. An aligning field is applied between the top
&@%‘)&%ﬁ?ﬂ@nd the bottom el ectrode. The field E’F/%gfobylﬁw51
partrcul ate noves wthin the carrier rraFrlx
materi al under the influence of the aligning field.
Dependi ng on the particul ate conposition, carrier
matrix material and aligning field, the OLED
par ti cdiodé pEtifler TheGhichiiube mﬁmaieh&?v%jss B4ihyH26 & combination
(siml a}é to the particulate in an electrical or
magnetf’ Theol ogical fluid in an electric or nmagnetic
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desi r egaésﬁ?rgﬁit"%?’ rg%ldoaftm{:ﬁvgl?s ’gf"%g%‘é?g‘fri SPussigngeficiency, and

partictleate within the fluid carrier matrix. The
fluid ggrrier matrix conprises a hardenable nmaterial.
It can be organic or inorganic. While the desired
orientation of the field reactive OLED particulate is
Mmai Nt aTReeckidds/en BE halfdiideh dny §litdle EMuctvdmtdefifl ibRiing ¥
is hardened to forma hardened support structure

wi t hi nefiiognmpterials dhatmay be mefss doppuerate sqmicandugiosdand ED
parti cedndhding Fi gure 30 illustrates an enbodi ment of

Serm ool ERAREYof it iRfHeF e R thtoutuctng

enhancinatgrigdar ti cul ate 72 WO 2005/ 099310

PCrlt Jq . di spe within the
condu c??lg@% gglﬁ%g %’mma r ’iqgépurr%'tt%}rol Hﬁ%@ m%@?‘ﬂ"é%?f@ﬂ@t or
part i ctlmmnumpealcius sihver, seppen imlugaamidondgiesium, altdys sueh as

parti %5@5&,&, | : ] .
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suf f i cqTeiq BRlmess %%@émhg;mn@mdom palymailive, bighly-genducting
carri edopslpétypyroldar Boifumlting Salti(iuh &pﬂﬂ@khﬁ%&%ﬁ@m the
first and second contact |ayers causes holes a

el ect rB¥%*P5 be injected into the sem conduct or
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mat eri al , . exanpl e e .second conta r.

becone %‘Tt@"é’“ﬁgﬁlu%iﬂ{?gm?eﬁt‘{ww @Jﬁg’g‘i‘?e‘q"%@“@
and c Hbe gpe of semiconductortniaterialsf suchp asdop&l siliths m-doped S

i nj ectp%Méng t he sem conductor particulate. The
opposi't arity charge carrier matrix conbine to

form iqiinﬂ%eedzwgﬂﬂpol ymer charge carrier matrix

pairs or

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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excitons, which emt radiation in the formof [ight
energy. Depending on the desired nechanical, chem cal,
el ectrical and optical characteristics of the

p%tzgﬂsr Qiléitl on source, the conductive carri eEc%Efnbgﬁoiwﬂ

A 88N be a binder nmaterial with one or
characterlstlc controlling additives. For exanple the
bi nder nmaterial nmay be a cross-1|inkabl e nononer,

ar 11 cifestod spfrerabioy s atonp A gioRe theﬂ%%!@?*gguﬁ

controdf i ng additlves may be in a particulate and/or a
fluid sta the bi nder The.charact eri st.i

cont r o S s e B, I alspraan 57 PR pRSHE it me
desi ccamissive pmlaartgnbe awomaiellyatigneed sqihatacsignidicant majority of
sem coaguctor phase, an insul ative phase, a

mechani cal strength enhanci ng phase, an adhesive
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el ect r Qg dﬂeﬁ%d&@mﬁ%ﬁh&ﬁ'ﬁm%é&%&%&gﬁ%ﬂ@ht fréin the device,

bl ocking™ materi al an eni ssion enhancin
nat er i WYA%P& qre&aﬂ%lk Bmgwwhsma Rrepiess Pfﬁfam eipsivee,

or a canfueéi ve netal, sem conductor, doped |norgan| c,
doped gani c, conjugate e t he, qan, be
oo g oo P bonaf s b5

el ect r cardiér,mancinaatistal and opt i cal characteristics.

Col or absorbing dyes can be included to control the

out put color fromthe device. Fluorescent and
phos phlorbis cesat the winpu dispesed-within e smvrmﬁmm and bottom

Ref | eclibmpdBBih adeehﬁ thad ks reR8mBStis ersed

included to en ance t egdc{l)sorptl on of received I'i ght
(i n t hwithigadluidzamigpmatys Ag wnlighbstween e 100 £ of
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emtted | ht ual|t|ese§ﬁl!éqrt1‘g§g d‘}'fse OfF‘B ol ar

coll ec a?’rfé‘gﬁmé ﬂE@F’g

p a:r ti cnépénﬂmg tm;he beﬁu_pﬁlaé eortyRaition earriercmattix mtbxhal ezrmw
sol ar gve el v t| c

r e i OLEB it BBt oh il el USRS Rl e
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ori ent 1291-]“@ e

in a ﬁ%lhj’ﬁr&fg?&i}@b&f%g{?% %Peh%‘ g?lg erreg goéehﬁg
di r ect innhiedto feupa dese,rad priegtstion ofﬂmﬁelstr&a@m QLER pargiculate within
cont r OlpkinRtl @HE RS THEN iR b Rer niErb U @ipHRE 8 | @l s t hat

act as beat
hardenable material. It can be organic or inorganic. While the desired orientation
of the field reactive OLED particulats 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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sinks to inprove the thermal stability of the OLED
materials. The | ow work netal additives can be used so
that nore efficient materials can be used as the

e The characteristic controlling addjt;
cg@%g{@ggﬁ% used to inprove the nobility of ?Fyugﬁlﬁsmloosl

carrier matrix in the organic materials and help
improve the Ilight efficiency of the light- emtting
device. Figure 31 illustrates an enbodi nent of the
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i nsul at ors, sem conduct ors, conductors and the [

As i s Biodhe semicgndustoriparticyatiy, iThe anagl@rpefanw’gaasﬁ @mer@ﬂm

acti vecomtdelt&fd»hﬁt;ﬁ me@a@uwfp@@m tcatdér hdtdx gudk beal |
chem cal rreg@@nlca d eIetrlctgl roperties are

cont r of¥eEeys Hhe form ¢ ‘tuents.
Fi gure 32 scherratl cal I y [ I I ustrates the cross-section

of an Ve Pl

sour ce. g@ﬁ‘ﬁﬁq nven |ve %é bn”{snc?ﬁlrm‘g '?Add the

sel ectdmctpmbgsmﬁl zat i on of phot 0- rad| ation-curabl e

or gani m@ gg ;

secondﬁee ect igh %F@%%’ggg Juéﬂcég%ntaj E Bhibed binder
el ect roaerishwith owowmmmmum/ lqmmle, the
def i ni giflieRrhidfal the HRANERRAbIL RRNGHEC ' & &y drther material

P2 S i sesoamibipepriica e o i b . T s
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The p mamgeqdlcandm\re ﬁlmess semticdndiy@sr phise) anditsdlative phase, a

char ge; %&E&Ps%”eﬁgﬂaeahanclng%r | aI and Mﬁmg £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 dispersed wthin the charge-transport
matrix material. The em ssive particulate receives
el ectrical energy through the charge-transport natrix
The energy is applied as a voltage
f ?) 4"‘-’qugesa‘?rode, whi ch may be an anode, and Pﬁgmgﬂﬁsmwoﬂ
second el ectrode, which may be a cat hode. The em ssive
particul ate generates photo-radiation in response to
the applied voltage. This photo-radiation is
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ri USZO(?S/ 010051 may 1 nclude a range between gﬁedro ~

i ncl ufRYTQr Jpatcalor lighi-leyices, and cgn alsodweiconiEgured asAdvidpspectgm

the | phofydisteetor féra@plfasking sich @t ckrefs. %igﬁﬂﬁhﬂﬁh&iv@d

fromthe hotor%‘{jlatloniourcel |n an

cent ef g‘ﬁ‘g’f’l"d“dmgat

mat er least ortes aﬂmmmpoedl megiérial, Ofplanic &fﬂiﬁ&g%ﬁ&oﬁhﬁ?@wwm

parti a_vo e LS ied tq the

ol ect @g@g&g%ﬁ‘@% &{?f‘gg"l’ msu!%gﬁ sem:conguctors, miuc%ors,
thelike. 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 contxolled 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
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el ectrode. These charges cause the emni ssion of
phot o-radi ation fromthe em ssive particulate, this
phot o-radi ati on being effective for the sel ective

i i on of hot o-radi ati on-curabl e or ]
ﬁgpyéﬁqgﬁq'he em ss!ove particul ate i s capabl egio‘f)u‘ézoosmooﬂ
emtting photo-radiation in a photo- radiation
spectrum effective for the sel ective polynerization of
phot o-radi ati on- curable organic materi al . The

phot odetibad ki %&mew drb ARpded GHOF andISSIGRED
and in I ud| n éH‘g [ ght The phot o-radi ation
P‘?‘FEY ey

spect PHPAT sY"éﬂE}@“‘B@t‘W@@ﬂ“Hﬁ

365 apdyesﬁﬁ PAN, dr thedike, pOfis substrafiitg b Ealhared whildhe other is
i nven:ﬁﬂ t he phot o-radiation spectrumenmtted from
the e i

9e particulate is in a range centered at
around 420 mm One of the first and the second

oot of Picie ciliadth R ABEORielelofth e R i BBt

and tﬂ@sﬁﬁmwﬁmltﬂmmm mhddenmwem
can DbBarkiided alsh efs%d%mﬁtmé@aagﬁmgm bl parh%

photo-radiation emtted ticu atglve
The eRiricjape reseivesielegirigal enesgythronghthe charge-trgusppt pwtircmaterial.

mat er i energlyed ﬁe@@av@ﬁ@ewtﬁea@ﬁé&&o@eﬂ whidR @Y &n anode,
par | B 4eoBH PcHEYe Fhich g P sHRodn | Haemisehs paiclate
parti

palrt i ganh'&b_rﬁ phﬁ’tﬁirﬁdihtﬁgt mdtaépoi]s%&sﬁe é}ﬂﬁe&ﬁﬁlﬂagﬂ' e thﬁQJhoto-raltilmxon
0 .G e a_suffic ow
gonzenfﬂecpl BN 0 veRgl?tgeer%qngogpﬁo&? l"?déﬂpgn%‘g“e'{? ‘3%/

appl yinsterishn el ectric field between the first and
second contact |layers to the sem conductor particul ate
t hrough the conductive carrier material the second

cont a’g?tacqoa;@ce with Swwresend invention, a pBotErdi0i0s Q0@ ¢htained that

PCT/ Lﬁ@@é&ﬁb@?&%]phofoﬁ‘doﬁ&ﬂeﬁ%ub%

e;.,ggb Ghathda©
and c&é@ge carriers of first andﬂﬁeco typ are Hhaterti *The
Prappoteatdemerish

i nj ec B w*graﬂmém gech as a
char m@ﬂm@ﬁ%ﬁﬂﬂlum@c&% Rchdting a b41R aaix%ﬂyte (SPE).

gg' %/h Cl}‘f:l &EPC?F#‘ g”'@ﬁ‘f‘?%’%ﬂw;‘gﬁu ecai%radl ati v%agone

pol y mﬂapol}?éﬂltymmfdol; ablblggh,aaﬁ binﬂ?% ancp?ﬁélj'ﬁiﬂefﬂ& ﬁlfﬂﬁdl

conpr artic east one o ol.e

transpar vely o mﬂ%?ﬂonaﬁz ﬁ%achagge-%ans 3 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 mmay be, for example, a polythiophene,

The charge-transport matrix material can be ransparent 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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material, organic emtters, and el ectron transport
material. The organic |light active particul ate may
conprise particles i ncluding a pol yner blend t he

nd i ncluding an organic emtter ?f}ij g
\Aﬁ'f%"‘éﬂog?sé st one of a hole transport materia iSaposioronst

el ectron transport material and a bl ocking nmaterial.
The organic |ight active particulate may conprise
m crocapsul es i ncl udi ng a polynmer shell encapsul ating

?Ec: ngﬁﬁgﬁg ficoem W‘Eﬂ"%n%g sh&gfﬂl egst one

of a henhodineainiibe vamﬁheaqhow-raﬁat@pém smtied Siopy the
mat er i Gloiiafiafontt GRS iidiH a FRbS Ednfited af BBuiRY el | Ve

carrier material may conprise a binder material with
one or nore characteristic controlling additives. The

char actigy dusdd ﬁax@ &&hﬁ{ehﬂ dﬂéwoaﬁzgesabmeleﬁm% one

SEnS‘uE?ﬁ@ﬁmq”' . “ 38 Pl B ieiads e 58 eetma™

[ RS ul aeleonﬁdwgﬂma m@ﬁﬁmsmm plyttdrreglinkiomfrom ghe emissive
Pt or § BRI SR AARRC R oRRRSE o fho'diecRyd Pl Bfon of
net al , plwtcbtadn!mrnglmldeesmwmatatm an em ssi on enhanci ng

rmterial Figure 33 illustrates a step in an

enbodi nent of the inventive nethod of naking a
phot o- Fegpmissive pardisuipte s capable afiemitinghotopdiatinda s photo-

par ti crligbd effcit¥elibiithé Selecvd golyﬁfénaas@o@hbﬁtrwmam
substrate with bottomelectrod

part i ceHrabiegraamicmgterig ;i’eﬂ? %&F%saﬁﬁméw&ﬂ%“ﬁ“ﬁé'm
surf acsetﬁéentaﬂcﬁnaeahgmvainemwm mmwnmmwuml nay
coatin S S as

A | eaei e Henioon anCihdif S B0LRR. ol podimen

el ect r afite inwyitidie thie phobpadistivn spetrpineinitted &divethe emissive a
phot o- i ati.on .S { [ r the selective
pol ym&*ﬁiééi P%oh (ﬁ’%%%%%@%ﬂég? 310

PCTI US2005/ 010051 radi ati on-curable organic material .
The fi @Erqﬁ I easg‘g,PF %luﬁsg

pl anarbgén | séptggg?l on ?gggl%gstr tygg agtr%&mon‘)f
i || ust phetassadigtion qupitted,byt %mmwtwaﬁm \beother firgtand
a phot ga Eeaadmdc%de S\ Féfiective @i/t A R rtfdh ofthe PhéthPadition

spr eadi n%edt e em ssive pc%lra&l cul atehnatri x
the emissive parti

The emissive particulate may comprise a semiconductor material, such as an
organic and/or an 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 sufficiently low
concentration of extrinsic charge carriers soﬂ'latonapplyinganelecuicﬁeld-
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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m xture onto the bottomelectrode. In. this case, the
glass rod is pulled across the surface of the bottom
el ectrode to spread a uniformy thick |ayer of the

SW?\?@%”Z@”&FNH culatelmatrix material . Spacerigg@%%ogﬁoms:

ong the edges of the bottomelectr
pronote the uniformty of the spread m xture | ayer.
Figure 35 illustrates a step in the inventive nethod
of making a photo-radiation source, show ng the

addi ti . . :
féfhu?éto%etﬂrﬁe ect?%%e (i UMBFH&%WMWﬂme

transparent to m SSi ve

part i cifiestedintpthe sepicenducior partionlate. cEhechgrgecastiers eaibine g form
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ef f ect ?I&!;E% - 7 8 O5FRS -
rladi at i)diﬁbu!hwd d:ﬁabrlhcempnisg@&i&ezesml iohPdt ; leadilime Efmcﬂf transport ;

el ectrode.and the secon ectrode . can. be planar an

di sposglﬁwgﬁ’ ‘1'$“8$?F‘b’ﬁ§ms‘5’g§f°?‘5‘i“£“m?ﬁ‘ ‘substrate and
the top electrode may be transparent, with the

el ectrede rial.. bhej i, ndi ' i.de,. .

con ugogessbii ot o8 B e ) Bt it indhuting a potyme
The t opfenshuthe pelymer biead inciuding anergarticemiseniended witlyitdesst age of
OLNEI & AAPERRHOR! Hhatst D §ichin Filsfck Hateriflafll : B102fing mterial

illustrates a step in the inventive nethod of naking a
phot o- TiEfreapicdisht agtiys particulale ey osuRrise migreggpsyles including a

D 1 D s & Py g
particul at.eJbar dened, rix.on the bo substrate. .
Cnce. ¢ HEHiGH Aa83ci Al Lfed Pl Pt o750  hole Gapepons gl
t he Mo dectromtramipottimateial 0 a bekifg adteiial. f or m a
solid-state device. The matrix material can be a

phot o- pol yneri zabl e organic material, a two-part
syst enTiscolduaiivezarismomgeial mapomprisea binder mpkdrigl with one or more

har den =Y L he ' .

o) U B ok ting Sieh S o i uceftic Gt Ve
i nvent leaseoneef ppartieateesitia fyidinchidstaciericesnt e cenductiyo phase,
Show Ngrd3RdutoP Phake, ad induldkv&'shate) § nisehdnfbalSkrdhdth enhancing phase,

phot o-radj ati on source sheet. Once the solid-state

devi cetsdhasive erhencigphise adolsinierting materiploanaleciron ipcing e s

can b&nﬂbﬁﬂ,@l&dw@ﬁ:dﬂ%ﬁﬁ?mmmﬁ&ﬁ%ﬁ&g
il ustra%g@ The conpl eted solid-state photo-radiation

sour ce™¥HEt and Fi gure 39 illustrates the conpleted
solid-state

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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phot o-radi ati on source sheet being driven with a
driving voltage to |ight up. Figure 44 shows an
exanple of a roll-to-roll manufacturing process
Uﬁr‘o'io@ he inventive photo-radiation SO“rFETﬁlgiuosmmon
curing a photo-polynerizable organic materi

di sposed between two conti nuous sheets of top and
bottom substrates. Figure 45 shows an exanple of a
conveyor continuous processing systemutilizing a

€U | N RSl ghndo bk b R fBLARIR il bR lectrods

source. Fi gure 46 sh egls exarrpl e of a |1 ght-pipe
phot o- F8Ibp plepar W&tﬂgﬁ\’ﬁﬂ'&‘i”ﬁ@“&n enbodi nent of

t he inventlve photo radi ati on source. Figure 47 shows
an exa f_a three-dipensi pnal scanned. curin .
oyt PR uSes 8360 B HRRTeO0TS HBOT HhJBAHTRAPho-radistion
P E ot o- mdi_a,ammﬂg tho stere 6f unifornihhépgemdigehe dnligive ?maalktv,fmam
phot o-r adi.at |0 r u I

Deam oPt g S B s docSas 38yl S ot o 4 it forows e
beam osxm‘l‘mtdf thedottdna clectofle to spoad aaﬁlfdm'gmnchw;mémezmm

SL??QE il L, ek ) pd o ﬁﬁwﬁﬁ%‘ﬁ%‘i‘f&%y Fie

scannebptt derpiemotedhesunifinnnity of kerspread méisdure layer: \wo-
di nensi onal scan, the stage is |lowered. Over nultiple

SUCCGSSI ve b am scannin and_stage | ower| ng se
¢ hr oe- EFBHEAS Foees 8 Sep q%‘fl tve methed vﬁmqk&samg farradistion
il ustmfce,&h@mmvmoamhummmmbmb&wmﬁpwmp

g: ggg %[chm%eé%c nventl ona.l l nor %anlc |Ig?! g%tt

bet we edectrodentl dﬂamndnleleuu-odom@e:e mparmt mqihbmgadmn ina
i I
e e

radi at tad!eillc’}l-q-l(ab}yromg aateriglh The figst mm@mm@m elecu'ode

PCT/ US2Q h
| vent Fags Pk e derbitg SRR R ;-f‘hEr GG th top
The s eﬂ%?q!%ayﬁzsmmaww dectrode bemg indium tin oxide, a

phot 0- Ecapipatbd FIRmieH oR BihG: tRhGReACcorBEddr The top! sHbsifte Afhterial

il ustraibes an i nvent ive chOt 0- rad| ation sqQurce having
a f or ngRPBPelEster, glgtsior o ifonnect ed
W t hout sol der or W re bored ng to a conmmon anode and

AL A b S0 e
source, showmg the step of phorto—cunng the matrix to form a solid-state emissive
particulate/hardened matrix on the bottorn 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-patt epoxy/, a thermally hardenable material, or the
like,
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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
h each anode of the respective lig
2? ?Pﬁ% ode dice. A second electrode is IEE%/gﬂ%o%'?mom
Mﬁth each cathode of the respective light emtting
diode dice. At least one of the first el ectrode and
the second el ectrode conprises a transparent

conduc .
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e plurality, o [ ent | Xe

f or mat PRSP Wﬁ%@ sagwsﬁﬁ@ﬁ wqish'é’
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el ect r Bigere 45 showis an exagiplseb B conyeyoheontintioys prpwsmmmmg

with th Sﬁmg%‘&ﬁ’ﬂdvf&%e ifNentivB Phdtb-Ffiibn 4omesnfrig% 48 Amswsan

bottom trode can be constructed of a netal, . such

as al uffampleof alightgipe ghote-pelymerzation systemharigg pr gmbpdiment of

can behpiRMitideshotd-RdBiighsoes. € heat that is generated
when driving the lightly packed formation of

inorganic light emtting diode dice. The system can be
cool i nPigedan daiws ah Bafiplpof a itdecdimensivhal kel caringbystemibaving

IR e RN e —

ot her photd-mdiasfiorsonreeriswsadgo breste a facased beam of dighit. t Migrors are used

I
copar ab ST i Fer hcttaceoF b B A5l %m
di e paowteral deﬂ%mﬂymm&@ﬁmsmwnw@m

VO 20054 020F4 g 00 BlliRRAs, WinphacH dubltisshvBhADSI T Y
to be emtte IS very hi gh |1 ght |ntenS|ty enabl es
the ef figwpsional s63 the stags i§ lopered. Py Fuliiple guccessive beam scanning

phot 0- Rl SEBToWeRNY pRssed, aaﬂmﬁwaéhd 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 setmiconductor layers
and decay radiatively to produce light.
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The photo-radi ati on spectrumenitted by the dice may
be in a range between and including W and bl ue
light. The photo-radiation spectrum may include a
yeen and i ncluding 365 and 405 nm
specitic enbodlnent of the invention, the bErftsznosiotonst
phot o-radi ati on spectrumemtted fron1the diceisin a
range centered at around 420 nm |In accordance with
the present invention, a nmethod of making a

phot o- Ir?déécﬁ‘&dn@é‘w:ﬂﬁﬁb‘ﬁ:@s%ﬂ ifiveRtionYd ﬂﬁ&mﬁaﬁéﬁ ﬁiuo@'x@ﬁ}%ded for

conductor is provided and a fornation, 19
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cont aciu PRkl HBPAliel ilAhert B CEb e citrihn-cupable

each dprganichingterisl.r B4ch diedncan anwiadube ethoile Adirstelectrodetiein

dogal f

7 or mar Sulset i GG e iy REVE PRl ¢ SRIE A g

t he prdedide is inoptartorith eagheathesie pf the saspactiverdight emittinggliode

and t ffige, %emrdns aftlm@ﬁl@iﬁ&ﬁod@'aﬁ@ﬂ% BRoRIEM IR bomprises &

obt al ned W|t 0 he, use of solder or wre bondi ng
for %‘t‘r Figare 59 iltystrates thehish prclong depgity of the

bet\é\/eemnhhﬁngﬂf@tmdmguiohed mmﬁﬂmegdmrdah@ﬁamm t
conduct gr .an secon ar conduc as

o ioatby e RO Do SRl Solire T bl oy S6%8 oen

pl anar pesinanentydiked nafomnaamslparemgkque%ébétwwmpﬁﬁndmode

el ectr nar b

bound ge?sﬁ&n Ey an a é@#@‘e’séé f OI&;&%E@H&%%P&BJ}?F eepl“rallty
first @ﬁd@embﬁmmwmdhnafommwmmmbn@mmeof
emtt'ﬂgﬁﬂi&&tﬁ Q%eébeﬁﬁ&jaécﬂﬂ@uslng Q;?:a%tan conliSetive

first planar ectroean e se

el ect rplanesy The mﬁww Wmabm| al
may bedeﬁvaﬂvetme’iﬁmﬁsitlah;v &ﬁ%{nseli dphiéne.
pl anar el ectrode and the secon pl ana ectrode can

be bound together by the binder rraterl al that also
fixes Fipaa BDfsrmhdnBciﬂuﬁént bf tBihveRitive ghbﬁ&acﬂm solfde showing a

e T SRR

ul t r ahémpoditkient qfaltelpmgztuamﬁ,mlhmmhmcm oah bécombtructed of &
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 co oling channels through
which a fluid material, such as forced air, water, or other liquid flows. The heated
liquid can be passed through a radiator or other system fo x 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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the need for solder or wre bondi ng each individual
die. Figure 52 illustrates an enbodi nent of the
i nventive photo-radiation source having a geonetry

W”ﬁ%@’?@' system for concentrating the I|i g%’rﬁ}é&&%mn
O -

curing an organic material in a continuous
fabrication nethod. The curved geonetry is obtained
by form ng the substrates, the first electrode and the
second electrode as being planar and fl exible. The

f1 exi higklighs behigtPbLamindd thidforP PRt intehli i cal
georrefh%zﬂ%‘fﬂ[{hgctl?ve for, cantr.ol Irflﬁ Ilght emat%{%ledm;arom

the pP o-pgpymesization o 4 Phofgy golﬂpwébapwemcm%r

controlling the light emtted fromthe radiation
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i gur o B gl ol SRR LR B £5nekBE eibedRl SHE .
r adi a¥tFeon; gigipbetomdiationspacti-timtemitieg tonsthe dite is in 2 range

const gerakdd @Par¥hliR2@nhOP substrate with an optical
surface. Figure 55 shows the inventive photo-radiation

source having a curved light sheet construction
shapem agéckdinéd ﬁﬂ:gﬁktpr&%t%ﬁhﬁﬁméﬂhﬁﬂﬁﬂ B meikifg/HfHs atiqn,

Flgure 56,15 ch si de vi ew of the curve |
Shoe{ SRR ARTRISE of I plete EPatuciny & povifedsad aom

| i ghtensitting diceforméd @uﬁeﬁrﬁﬁlahﬁr ondi Y. tn‘acnaiemwcm&de and an
syat SR Dng SPBS ottt slinni ool 3R et wilh e fightonac
Fi guresndgtor. sAaeapndwﬁamt capdwgrideis disposed b wiprod ihe fgriation of light

gglutf:m Ienses m%'ﬁﬁre%‘nggﬁlagda gﬁ%%%n %&é%&%tﬁe

showi thycathede mﬁ@mcﬁegﬁeacbdm pUthe ffirst plamrbynduetnr i bound to the

Isﬂget cons%%&%ﬂgp&ﬁ% I S scE@Pr%til c%\g% E"@N
showi 4§ LhiroQrigngewith the, PPPS%‘F] E’é’?‘&wﬂ»db@ fegmation @mlmaqugmd

eni s sheodectritalldbntad with the cHidoSdRs i dbiafed vﬂﬁ@ﬁ'ﬁ%goﬁbﬂﬁr or

Vi ew S.hCLWI hr curved | i ght sheet's havi ng
comoh ﬁﬁgg% gﬂ‘? % B Psehanical cRpaR beteen faasdice
dr awan@exthemfﬂieﬂﬂblameoﬂ&ctdrhﬁj tht e3cbid SlardtlBaligRdres can

include a first optical systemassociated with it for
controlling light emtted fromthe plurality of |ight
em t tAtiggstonoofshalirgland eectomdaland2he 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 emiiting dice can be fixed to at least one of the first planar
electrode and the second planar electrode by a binder material. This binder
material may be an intrinsically condeactive polymer. The first planar electrode
and the second planar electrode can bre bound together by the binder material that
also fixes the formation of light emitting dice. In accordance with this
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WO 2005/ 099310 PCT/ US2005/ 010051 optical system can
be di sposed adj acent to one of the substrates for
controlling light emtted fromthe plurality of Iight

itiin iode dice. Figure 62 is a cross-segk& I |
%Fgozgigéma?’égram showi ng the constituent parts @ﬁgmsmmom
inventive |light active sheet. In accordance w h an

enbodi ment of the inventive |I|ight active sheet, a top
PET substrate has a coating of ITO acting as the top
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POl Rfe el sowing /L ligh¥ S5t Firensity 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 thege 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 emittirag diode dice. A second

82



ogl i 09et hyl ene oxide) matrix, UV sem conduct or
el enents, and phosphor re 83 WO 2005/099310
PCT/ US2005/ 010051 emtter. In this case, a
ite-1ight solid-state |ight sheet is obtai
%%&é@bﬁﬂe stinmul ated re-em ssion of |ight %‘E{Ut%oosmmosl
visible sprectrumvia UV stinulation of a phosphore
re-emtter additive dispersed in the matri x between
t he substrat es. In this case, the Wsem conductor

el emegpki bddpdica AdjadeRi to 85 GPIhS subfYrath ok Shn6lling
C405 29 S0100, avai.l abJEﬁ‘ fromCree of North

Car ol E?ﬁ‘o&%'@ﬂplﬁ?g Ghiight epiffinggiodeligs, (vt trium

al um num garnet) phosphor. Figure 64 is a

Cros sec onal bl ock ram of an, enbodi nent of t
Iy oriRE 5 B giessSetorel loBR R o Rigk e cptgitoetnrari 8 e,
and/ onvmmzedghﬁabm sheeta th m@ondmawlﬂtraaempedxm&tt os‘tlb:iﬁvemi:ve

{Eea r| xw tug”; or exa %h{ﬁéﬁ?&ég@g

adhe Flegsoden HebetiomP ETrsulbstrate candnﬁmlm imegal Exilhaetolised mylar
etc. &'dﬁ'm’ fhafi
coatlewedvm “16 [tr- adf/’glred 2’5 tratg%tqig-g

l'i ght 8\’4‘%50 WCPGP%I

CO”EQﬁlat aﬁgt rrb Iﬁsed on
such as n ar 0SS i gur e

Cros é’-’%sé a‘ ?ﬁeaﬁd&{g%ngbﬁ'faﬁ’@}ﬁ '?‘Eﬂdst he

i nvemoimelkdﬂ@bkesaﬁsbdwmhqmmaw ng bl ue and yel | ow

N L R e
sen goepstyeds,dourekl ofiBovres Sawaces B29-1ED (amase 4483453 awhich is

501 0l i Ul i SENSEP ey B by

conbi natil o
com“r@mlahllellﬁl)aﬂm,l dusltﬂsenﬁm&ﬂm&@i I;IEBDI#&—TK 112UR,

CONV 6ilaB18 o Tl Faiwan)- %ﬁh@ re? lnﬁa% bOniphkbd

manuf acturers, “typicall y narr ow

r adi 2 igi-te-Presparticles, having sharee @W%MMF gecenter gy
effi csbﬁfasnduabaﬁyeas $ueR 8k FHR1d\ih HPicalishlfoABakel SolYPahdls Ih &leC

and dur ahl The die. shown i S an exanple. of _an

Al Ga&8se &W dstight devicg Giea i e sl 1% be preferable for the
Cor paiidirint Miterial @i bededs elddifeally cofld@tve e e Iséi‘ﬁﬂ@idﬁ&ﬁr elements

[ OUOY, Yol e Pl it S lectcl ol B/ Abub RS Wbining
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 charpes separated at the donor/acceptor interface

effectively migrate to the top and bottom substr-ate electrodes.

Figure 63 is a cross-section block disgram 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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Figure 66 is a side view of a commercially available inorgamic 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 conventional 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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charge transport material “(quinoline). This
photd@FﬂﬁﬁG%ﬁm a conventional LED die suspended in
a drop of quinoline, a benzene derivative. The
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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 LIED 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 cloes not require
solder or wire bonding between the die and the current source frorn the anode and
cathode electrodes (the ITO and the aluminum). The aluminum block acts as an
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Figure 71 ig a photograph of an experimental prototype demonstrating a free-
floating light emissive particulate (miniature LED lamps) dispersed within a
conductive fluid carrier (salt-doped polyethylene oxide). Arx emissive
particulate/conductive carrier concept was demonstrated ancl 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 selt. When commected to 110 v AC, these 3 v DC devices
light up without burning out,
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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 subsirate 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 conduciive layer and the bottom conductive surface. Each
LED die is encapsulated and secured between the substrates in the flexible,
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in stage 2, a supply roll of a hotnelt adhesive sheet
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| ayer 13 QfdctRtdny Edr@h@Se 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

88



Figure 74 is a top view of an inventive |ight active
sheet showi ng transparent conductor w ndows and
hi ghly conductive leads. In this enbodi nent, the
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or other coating or pnntmg 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
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conductive layer to forma | am nati on, The adhesive
sheet is activated so that the electrically
i nsul ati ve adhesive electrically insulates and bi nds

bstrate sheet to the bottom substr
%e“{“%ai“ P%Irﬁlszt}osromosl

en the adhesive sheet is activated, one
the n-side or the p-side of the fight active
sem conductor elenents is automatically brought into
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ransp conduct i v igure i S
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sheet 1s~ provide ottom su rat aV| ng
el ect Mrtsatbrtsﬂt%muéw Qtherpf °|°§ p-si elsautomancaﬂybrought

into electrical communication wnh 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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provided. An electrically insulative adhesive is
provi ded. Light active sem conductor elenents, such
as LED die, are fixed to the electrically insulative

ﬁ‘gﬂ@‘c‘%‘}\@%}“me light active semi conduct or de {l‘ﬁJS%gIHlOﬂSI

side and a A- side. A top transparen
substrate is provided having a transparent conductive
| ayer. The electrically insulative adhesive having the
l'ight active sem conductor elenments fixed thereon is
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are in electr.ic ojmuni, cati on, w nspar
e oy SR widhe s GREHEs o B0 g st iesh SRzt
t he ondress thed entifedight-sheetle or t he p-side of each the
l'ight active sem conductor elenents are in electrical

communi cation with the electrically conductive surface
of th@immtlsdmmwmwvhwofdnﬁgmwﬁvgmemwinQampm

ey URP b B eafeht o st (B dicdbmbsddod i oty

each Biwsiye leyesaad ammvsmnym@mm Tigan exploded view
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conpletely securlng each e hetween the

subst pspe@of the present rnmﬂev»@ e making - light aplive sheet is
| ayer pro¥idiad DAboASH Subdits Bivirg ah Bect@aBFdonivtive surface is

i nsul atlve a ve._and .t he top subst.r
provi 8 g@?‘%@?ﬁ%g‘s‘l‘liﬂ P ‘Hﬁ’rgpfl%t q“éﬁ?@“’%nabl es
t he beetmlomdatthsdlma mt.lhasLEE}cﬁe‘,tarelfﬁ:ai toythd etticaily insalative

op. - MBUH PR e gt R R, LRl o -

f abri eide.i Amondrmmm:taisspmwéeﬂhahag a tringpazent conduciive
rolls e all that are necessary for form ng the nost
basi c rking device structure in accordance with the
present invention. This sinple and unconplicated

St I UCTHE QediidafiPinkillative Bdhe@Tiita R RiCe deBricdniict?

yield, continyous,  roll-to-roll fabricatiaon

t echn Plgmeses fixed thereon isinsered betwesn the cleatrisally grdpgtive purface and
t echnig@wRksparent conductive layer to form a lamination, The electrically insulative

adhesive is activated to electrically insulate and bind the top substrats 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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As Shown in Figure 78, the transparent conductor on
the top substrate can be fornmed as a continuous
surface, such as ITO (indiumtin oxide), conductive

r athin netallic |ayer. Figure 80( L Snd
%%ytggéw]gf a transparent substrate sheet. Fifg%r{lgsiodsfmooﬂ
80(b) is atop view of the transparent substrate sheet
havi ng transparent conductive wi ndows forned on it.
Figure 80(c) is atop view of the transparent substrate
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rel emmt&lﬁmfdande%&rt?ﬁ]ﬁ&gﬁfim%ﬁhr This SBelahd DEt vween
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t r an&71aned e & Kerdinuous gurdice,suchiae II'G (ibdivm dih exiils), coamative

Cr eab8lyner, $8 8 ki g. The dice are provided from
Pt e ey

the foundry on an I ve sheet that can be
stretched for the pick and place equi pnent to renove

t he Higare 80(H) is AEHIHMAGTaFrald tsn@mgtggﬁgpt-'v i a
regulgﬁe%rrﬂ;(aa)wcgg be fo?rr?ggs‘%)l/t_sprea I'ng F’%“Eee%ee{%{)o

make V&Y PHbsTa heet hving gnspprant couducivewindows

di r etirined on it WigurEHO(o) sAEH6p ik Of thd iiaBarER Y UREAE ol g
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Shee#&g%ﬁué’ﬂegéﬁ.ﬁmégn{he?op s'uf;s\ﬂ'ateand{i]wsu stratere—ro&d, orthe Y
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 fransmitted 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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by the inspection and renoval of defect dice. Figure
82 is an expl oded view of the sheet conponents used to
enbed the sem conductor elenments into an adhesive
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PCTI US2005/ 010051 Fi gure 84 |s a top view of the
i nve Conf i red W t
addr ggésugg I85 5&&%7&@{?(3%#@& ?ﬁ & n%’ ﬁ"(fgged the
sect iserigongyctop elgmenthiato an\ndhatsxvahoﬂnelgmeatsmﬁmm i3 placell
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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 pattem of the light active semiconductor elements including the
electrostatic, optomagnetic and adhesive transfer methods described herein.
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can be fornmed on at | east one of the top substrate and
the bottom substrate for providing a relatively | ower
pat h of resistance froma power supply source to each
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The 8&#P¥Bnduct or el enents can include resistors,

transi stors, diodes, and any ot her sem conduct or
el engnt having a top and bottom el ectrode format.

O helBBeR/ show 0 igventine/method fer masufagtuing adwulticolored light
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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
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the bottom substrate (stage 2). An adhesive is
provi ded (stage 3) and at | east one sem conductor
elenent is fixed to the adhesive Each sem conduct or

| nt _has atop conductor and a bottom con
Sﬁi%ﬂéﬁs f a display device, or multi- colore 2oshofbost

devi ce, LED dice that are capable of being drjven to
emt different colors (e.g., RG) can be applied to
t he adhesive (stages 4-5), thus forting separ ately
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7) to |ndt suhstrate to the ottom substrate
so th %“hﬁ‘h@“‘f’ g Huct or and the bottom
conductor of the sem conductor element is

1 O ot A A e AT el Aty proviin
condubbttoreplpmat sehstrate {stagh &) m;fommmcﬂmdo@acmﬁms on

condut P sithb Bibes 2 46 s 900 plbfied B and atoast one

aut omsemieonducfortaiasueghis fiked to theradhasiyp.nEash Aemiconductor element has
el ect phgAlndeRFIRD: 6&tionPOnithdd?. tGe @As@sﬂara@ﬂ#dm or multi-

conducti've surface of the bottom substrat hus

i nvent?lond daisepLER dlicg thaharp senable of being driypiHio et mcolors
em Ssie/g, mbwaﬁlbe wsplie@to thhdhedive-(5tfeh 4i5§kuiusmim@rsepara:e1y

rrethod ,.i.n a preferred e.
T ot adeestable saRueL e @i corpiged SRRRY 1A 1B sobstrdp o ¢
mat er phivided heRirgtaf plecdicdly ondative a@@ﬁ@ﬁpmﬁ&@m&l(m@)
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mat er thelelectdtally eamductivesurfice ainkthe elettricaliy conguctiss patiemde form

be cotfeel ot Sl i i dEBand e
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cat al %h&nﬁ@cﬁﬁtél&ﬁhm{@a&o xg@@m{baaf:&‘ # electrical
cur abl e poly :

radi ation _curing nmer adheS| ve).

The | PRunicstiony Bith Heal centuet e et i iops C
em tt ﬂﬁﬂﬁl&ibtﬁ@‘%f@ie&oﬁétﬁﬂu@& ahd 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 invenition can be used to fabricate a thin, flexible, emissive display using
roll-to-roli fabrication methods.

As shown, in a preferred embodiment, the electrically insulative adhesive
comprises a hotmelt material. The step of activating comprises applying heat and
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readily commercially avail abl e from sem conduct or
foundries. The |light active sem conductor elenents
may alternatively or additionally be Iight-to-energy

q?(é'h@%%3 uch as sol ar cell devices. To nake m;ﬁsemosmmosx
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Irst portion of the light active
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t he hot mslt sheet can have sem conduct or devi ces
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o o NOBERieR e o b FreafestVS o (g § iy glowing
act i warfse@m conduct or el ements on a 96 WD 2005/ 099310

PCT/ US2005/ 010051 transfer nmenber, simlar to a |aser
printer electrostatic drum and transferrl ng the
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be o e e dinky B S s BefD3 e iep 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 pattem of the light active
semiconductor elements can be formed embedded in the hotmelt sheet. As shown
in stages 4-6 of Figure 87, the predetermined pattemn can be formed by
electrostatically attracting a plurality of light active semiconductor elementson a
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either off-line or in-line prior to the hotnelt sheet
being inserted between the substrates. Color |ight
can be provided by including LED capable of emtting
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descri bed herein to connect other electronic

CQWOGQI&ﬁg!ﬁ%ﬂ%dm&ﬁwﬁﬁlﬁgmb ‘ﬁ;eco? different
Figure 91 I's a _cross secCtional view of another .
embodVaEsimeds of ight. Ffos eample, a{ad emities LED pombingd with a yellow
dougl &:tn_ft&fgamnd'hw @k%:v&gafé?ﬁﬂw@mdt ha@;ean%dmgmmw Pateived
conducti,ve adhesive tape structure._ Fiqure is an
expl o e P58 £ SETA0E R OPBRRY J&ﬁtﬁ%’&ﬁﬁﬂﬁeﬁ?@w&‘iw
t he esdrabining p&nloszhnm ua?Eﬁidgse,rh@ r&llgreed-_and: g blve cﬁ?» | Spldsphor
cross_sectional,.view of .an er enbodi nent

o o st b nrovadie o8 Wt -he Ehosabr ot ety sBiulsia by 0.

t ape, radigibh emEsionaf aifing wiaedengih (Og , M) FOAGHIISHE A&tive

PCT/ L@_&g &”m@@ esi . :

conductl\glogﬂia rce%l ve 'gpz‘b?ﬁ%géjﬁ?gﬂ@gﬁr%@ %vgmﬁh(e'g"

expl o®d@Wi ew of the main constituent conponents of
t he enmbodi rent shown in Figure 93. Figure 95
illustrates an inventive nethod for manufacturing a

| i ght Alemptive metheds and devigp architertyres cn beemplovehthat add on

pr odscoifibnekts suick hddbuBsidba \eltk@icdiR €Sitliuctive tape or conductive
adthesive to connect the LED die or semiconductor devices. These elements can
also be employed in addition to the other inventive methods and device
architsctures 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 botiom 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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i nsul ati ve adhesi ve tape and a bottom conductive
adhesi ve tape structure. Figure 96 is a cross
sectional view of another enbodi nent of the present

[ ' utilizing an insulative hotnelt s 98‘5“
t}%?@#oggghoductive adhesi ve tape structure. E‘%‘fﬁ?@ st
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 another enbodi nent of the

pres eﬂ&heéﬁb\’t?%tah@i‘béﬂokﬂ doﬁﬂﬂ&v@gdﬂaﬂml ; &u%ﬁ 94 is an

adhesi ve and a bottom conducti ve

st r ucFEpladed vipy of the mein penstifentceppoReais Wﬁewﬂmﬁmﬁﬁmﬂrm
const ngwesa Figiife 05 Mﬁ@fmmoﬁ?&tmﬁﬁﬂ%ﬁg% light
Fi gure 98. Fiqure |lustrates an inventive et hod
for nPShYYshee H’g'i‘gfgm t?'}'@lff‘b“%?‘} Rrecestapd wtling ployble-faced
r ol LI - insulativb hdh&ﬁ\bl‘mmahd Olibmﬁg e@idtctvd edtedivd tagd dlﬁgctaxet ®sure
condu ou insul ative

C sy s ¥ Eros VOB o Bom R fied ot pfieet et

st r ucwtilizing arFingplative ltmleli sheatand 8 bottem tondnctive udtesi;vdxﬁpe
anot h W\ uti |

. topﬁfé‘o““'é‘*n Mt pithotb 6 LG SFRL bl el Bhupbred

i nsul he pokodiambshpwrin Figyee 96.dFigurie 98 isonaross settional view of

hot ”%Bﬂléxdé&ﬁa‘é&ﬂﬁm oPlte &&a{t%veﬁioa%ﬁm#t% ulu@aa{ahn%éﬂé]{)ded

View o h%g‘{:’ﬂl n cons Ituent co
enbo sEuciye.  Figurg 99 risans

secti ﬁpbﬂed/s;lﬁr\bfﬁlie mﬁilahhﬂhexﬁg&ﬂgdnm%fﬂé ez{alttbﬂnﬂiélﬁﬁﬁ% in
i nvent.i an i 7 at op conductive me adhesi ve,
doubl eggﬁg%aﬁ ?’%@% Q§?’W§°’F§B‘§‘}3 Afight
cond uestivewsbechusingmiroll-toadih %ﬂcm&tptmwh@uulﬁrﬂlaﬂ@ doddudtive
an e i i stjtue ent s
of ¢ HnE S BUi ekt ol odiRHlEe b i s el B octg

acr o@ghesyeaw sirmlurMchnreoIOlamaszeahhﬂdﬁamaﬂmﬁﬁert he
pres THeNVAY adhesi ve
tape%g)gubl e%?gjggcfb&l#gt hg?\‘}@%n%&emsé: ?%&“@ﬁd hhpe’
bot t Sienbledier issulstive adbesive [teperan 6 Spipasn mnquhmaﬁa@lmee
102 isguétire® ?Jued@ﬂxsuﬁ dﬁedtvﬁ%of%'xﬁh&@mﬁéﬂ‘%m of

conpQ ents 0 he enbodi nent shown 1 n Figure

Fi gur éhft"rfug?lsg’@clqlo Figurs,1 03\is werossisentional view of
errbocimmtemeéduhaﬁ tinBéﬂﬁBﬁ hﬁ] Wby éo&ﬂ&lﬁv@ﬁdﬁﬂelt
conducgtive h% eS| doubl e aced insul ative
adheSesY Ve Jpu sdbisive fapersnd p bestogboynguestyshotmelt

adhesive siructure. Figure 104 is an exploded view of the main constituent
componenis of the embodiment shown in Figure 103. Figure 101 is a cross
sectional view of another embodirnent of the present invention utilizing a top
conductive adhesive tepe, 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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and a bottom conductive hotrnelt adhesive structure.
Figure 104 is an exploded view of the nmain
constituent conponents of the enbodi nent shown in

S@?#@%@%ﬁ rraFI gure 105 illustrates an i nventﬂéfﬁlsz008;01ws1

nufacturing a |ight active sheet
roll-to-roll fabrication process, wherein a conductive
coating is forned on the top and bottom substrate
using slot-die coating stages. Figure 106 is a cross

sect | aalboddrR vordiictRERGHRI :8RERI06 stHRRYe. Figubrd P41k BS&Bloded

i nvent.ion. ptil.izing i nsulative hotnelt adhesive
SEr 1 PRl iy emeitygor Smeaas of i enaadiuss shown i Figup 403,
107 iKgwe 1050 stradem Menmahem&defommwag b iph Btive sheet

Ei b gy 3ol l-ro e SRRE bt 3jera Ao s g formed on
enbodhaep anddfottomaubspate swing slowdie néatingistages, | Higird YOGi8 a cross

TSRPS0 v S e

Fi guriwmeligdhesive iripsasd %@dllch\(ﬁ adhestye taph etrustires Figure 107 i is an

ConStdxﬁlblmtmm SR SRAL entld ﬁownm
Fi gur %ure 110 |I ustrat es an I nven

met h ag%’?“rrg 8 i Grgssseqtiop viegof Fpghos prabadiment pfie

condlpedsm eedio tiliig aﬂﬁﬁﬁﬁhﬁéﬁw&b&]ﬂ d3Besive stﬂﬁi,ﬁL 7 cobdlicki® |
rranuf ﬁnrdbngﬁlﬁ o]e é’f#‘n accordance with t present
| nverEIPs e ShaR canictp adhesiya hoe sttt Eiguyre 03,8 phepploded
gri vaﬁvdfﬂﬁmmmmwbm f&ﬁm{bﬁl distfent shévwah ﬁll@gure 108.
con Y e S are extre

1 gt el e Raleth Bl onR A0 ekl FE pdvasen
on t wgmg @g@zqnw mlnsnet) adlwmde gess ih g ralletpiroly menufadairing process.
than a credit card, the fights are so rugged that

they can be nailed or cut wthout affecting
per f &t fRsprdance with the presert igvention, gHirighinlightipduelis oblained osing a

pove gridiofl LEDBiRd hddCpetividh RI3at %%?iehﬁib%oﬁm&e&bs&&a The

accordanpce with an ther aspect o resen
i nveRTEE e Sxtremey i HW%&“E‘&‘&?@E@ ¢.800-hoyes head, on the
T o d | ltf“fﬂ% BB G, thp gt are go
illumn an | or a_conmmand and contro
i t ueee fng ey bﬁp@ﬁ? o 3} ot ST perforrapen Jhada is
OL theshpmme mneﬂtpolwerahooahm&ﬁiﬂe ﬁ&bﬁltmc@&ér}!es In
t he t el ect SOUICGIS swi t ched
The F&gtures o N?E'g Wy & BYR BYP-salqr) lighting
1. Lpawelyispeevideth igiving, fei‘famn;ﬂelmuteﬁgmlﬁ;r génér&ltmemﬁeﬁdn;dm
st at Ralighot A%ohihd GRH' Biirol UlHIBH or as & night vision sid. 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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99 WD 2005/099310 PCT/US2005/010051 2. Single- or
two-color illumnation 3. Easily repaired, anenable to
| ow-vol tage battery, direct photovoltaic source or

%@%@Q@afft em 4. Rugged, flexible, thin I|i %/ﬁglﬁgmwﬂ

format - unbreakable 5. Unique
sol i d-state technol ogy robust agai nst shock and
vibration 6. Low cost at high vol une when
manufactured roll-to-roll The inventive device

structune éiﬂ%&st@l ii@g%ié%gﬁps) bet ween two

conductive Tayers, a one of which is

t r ans paPeriasilyFepaited o appnsblentdi lowr-vpliageCratiesy,( Hir®@) photovoltaic
-coat ed pobykSitiigREswehepht hal ate) (PET) has been.
successfully used_In_ "prototype devices. The other

subst r atte Ruggrdgfiafble, thidightrsheqdang fixture format Hynhrrskablesy e |
of condsg tinidue ¥olidamek tbdhgab bidst sho@dad Sfbration

reflecti v%gnc%t all.i,ze
r

ET for | exj bi]Jity and
t oughne$s, g“ﬁ‘@?’%\‘f°‘f"ﬂﬁ‘i"]?mﬂ@‘ff‘i“5§srﬁyr‘%' Dol ectrode

can also have a fine pattern of conductive ink
pri nt Eee igyentive degicestawtum imbedsd D dicetthipshbetiveen two conductive

i ndi vj | ' j Bhikh s%l*p@f F = N i
or pa“er’r?‘éla&#%%&g Sl g?]a e aﬁi@% ?e%ﬁ%#ﬂ\%‘iﬁm@
str ucrwdi@bﬁ%ﬁqﬂ&a\ﬂ@ﬁh&@% (REID ok dbagn specgsstiully used in

accor ghoft@pk Gekddf TheBRH A bl £ TPO/PIEE 6f foP S gher level
her ei I'n accordance wth agle;qTPOdel nent, of t

h
pres e$|f( \uche ] brighter light)s ﬁgﬁeﬂﬁcﬂﬁéﬁe@lﬁ%ﬂr?@é@r
a si nidxsbilitpardriaigheess, of Nmbtalfoll 1he traksplethilechb @t4h aldg have a

sheet lightin teri.al .. The i.nventive. proce e
qui A B oBRichia e i opi 8 B B BRI the imdividuat
adhesiligseint soreguiwriearap fivodven hightibg, ac paneenetlafpe ra dgnnget dpplication.
final plam, | 9B :‘; R | e I .

t he presen%afénven |0§%@%&§m¥%?o%g‘%§d&w the
accurnenufagtugng precess déseribied hergine dn (ackionleircd wiith tah @mbodiment of
adne sty Brekdt Rvenidhl o iAfiach BB pobes B5mbifala B Samii
i nven i?e fabrj cat?déd;,of t he _g{.({a?rs;é_lt gltg]gvae yer rmyn
be a ‘%’%&“& hesed fop,praducing sheetlightingqpatetise e are ori ent ed

and placed accurately on a tacky adhesive to hold them
i n  plrhedeventiveprozeds trejuitesothe prpastioh @f fe doll vf Bot-melt adhesive to

el + SRR O Rl R Y By bR i T, gotofent e
f r om enthediments lofithe present invention, methods are provided to accurately orient
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
the dice are oriented and placed accurately on a tacky adhesive fo hold them in
place in a pattemn 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 oriettation and placement of the die may
be used, or to increase the economic benefits of this inexpensive solid-state light
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The tenpl ate may be reused. A manual orientation and

pl acenment of the die may be used, or to increase the
econoni ¢ benefits of this inexpensive solid-state

l.ight 100 WD 2005/099310 PCT/ US2005/ 010051
dﬁ@z%§m?ﬁg’follomﬁng i nventive placenent netH%g§ﬁ§§$mmmwl
others, may be enployed. Pick and Place Method The
current nmethod for placing dice on printed circuit
boards, or for fabricating individual LED | anps

i nvol r t ' ' ﬁﬂg 9,! Stﬁcﬁﬁnt Ut ng

machi ne Vv g’?%ﬁfﬁ%otﬁgée“ﬁ{gé %&%ﬁ@% C andﬁp ace ong pr‘nsnr]ffy be
can bemplaydpt ed for the placenent of dice on a

conti nuous hotnelt sheet web. Figure 112 shows a first

step of an inventive adhesive transfer nethod for
fi Xi ndpick smd Riare dMedtodr Tiel @rrenttnsettexdtfor placingdlies on @rinted circuit

‘ ey . o !
pa 1 oo YPR) Ebliyng Bodidll LE Huod ol KBERLE bt md
el eme Magenienbysingzmaching vision| Gonyastienal pigk Radjlanes equipment gan be
rel at byl sy exha%f:ﬁéﬂ%‘ﬁ%'cx%mﬂs%&&lt&i&tvﬁﬂom a

second Step o e 1nventive adhesive transfer nethod
for fixing sem conductor elenments onto the adhesive

:Lan_si“%b:eslt gbiﬁmtﬁﬁmﬁbﬂ?ﬂaﬁmm f ‘v@hﬂiﬁved&ransl’f éiil?é’dﬂ_ sd PPfifhg
e | nventi,ve agnesi ve ranst er or XlIn

seni ¢ SHRERDYgHor egrﬂmm v Fransii FRDSR, Tyt oSt the

S Iu bst prtaernfred phtiensis fdrined E_!}Irqtfmﬁirﬁﬁg ik édirindinctor elements from
el ect r ost At rinting method.can.be used to arie
ona. prisaon foolf BB LSR8 Rl RSt Rianid 11s
appr oawws aisecord stepoaf theleventive edhedivedrmsfertthathod o fixihgn a

| owr ' ﬂﬁ%: Ay Y N

of thgé;lﬂ%)ctﬁhhrr‘%?}t. a fg%g‘? }Egﬁfu can%s ﬁa\(e' gﬁeeﬁ%ér)ls ated
t he efhirdistep of the inventiva adhesivi transfep methpd:fogl fixieg semaicondyetor

used M@&Mﬂg%&f,},&@uﬁgﬁri ent the dice. Figure
120 is a photograph denonstrating a LED die

electrostatically attracted to a charged needle.
Fi gur @ledidstdrie TPanBBrOMEEEE PAn elediiasaid pitindnddhé E&inbEhsed to

R R S e

damagdide bevdme the toner i a low-rREvhitidh devicditha? primyorDé caridu@Bdveb

B B B bbb i ol
of the dice and have used an electrostatic 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 & 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
susbirate. 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 transfer method for
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substrate. The placenent can be as an evenly spaced
array, or by selectively charging the whiskers, a
pattern of sem conductor el enments can be forned.

Figure 115 shows a first step of an el ectrostati
5?8?‘5’5??98}? transfer nmethod for 101 WO 200510%‘%‘3%005’010051
PCT/ US2005/ 010051 fi xi ng sem conductor el enents onto

an adhesive transfer substrate. Figure 116 shows a
second step of the electrostatic attraction transfer

met hod_f or f.i xi,n em.conduct.or. el engnt nt ot he
hos el berltoiithr oR M GG s adRyS Y st Flgi 116
st ep dliowslasemhdoer ofsHeziecicostatit atiradtion tansffex mepthed forfixingd

for fixi ' i '

t s S BAEE RGO o o RS IFERELARb S TARIFE) G o
the e Itlat@ltswp of the plectsteticatiaption tansdieraietiod Hor firiug fepriconductor
P Xi NGlofgi GROMY Sddivettatits ShtoerB! Pigurb 188 #66rth step of

transfer substrate. Miltiple passeS or several stages
in | i Hhe clertEestatic styation tgnsfargmeshad forfiing spmicopdudtes elemets onto
greenﬂxlaradhd&d. wemé%%sulwnuw@l aSies Sifbevettal Idstag&t' | intliﬁéﬁﬁble
severa ce accur ace r el ect [ odes.

P ur YRR (e PR orb. B b RO Syt pEN R g
t he afibimeverahiiics acodratbll placddron @rifited ledio@dd. acti ve sheet
using an electrostatic drumtransfer systemfor

orienting and patterning LED dice on a hotmelt sheet
| n or Hgnret bl Inillustestes lan ighentive hethod of maltingvha active dgyer tofi dhe

dice : i in
e oBHE 1k Vi \Bof 2SRl il g
dr um PHeEngdstternipg RER dige onmjhptmelt sheet h dn grder topyritpithe dice

| aser ingd 4 h&Smek %Qﬁd H& driRRE aP PR 2 BOQE PAMAS Thé ¥Blogous
drum under_ the PCL or_  Postscript control of the | asér

pri nt 8FPs of fheprocesy ape b dpansies drum ig chireged rithes posgive () charge.

DSt ey e erfanhdpttt nihgt O HoubeidChdtum thdef 82 PCL or
S V . | V

Prar Rt chRisl 5P e Lo orng 3 The dovslopim plL RomBrivaly hareed

521 hTh_ta atieacethe lpmitﬁrellyicmgeﬁ LEBOditd ¥eThe ptaﬁmg? chdngeid dicel tiansfer

eslLVv B , e r a

et o Bo@ebildy WSSt Sl HRE] Hion drofg e A e

char geven ®or¢ highly négatively chezgedt ot makt kdhesivik estiepte thiesdice from the
ft i I ' ' .

oot i vt shilirhe eidlh e Bl (hif o iBBEE: f fradidl i a

t he eht zoms; thermely adhasive is spflened slightly todwid iherdicedin place. 7) The

char ghdge 41§ o @i¥éih HBbt héd ib re-rblied Bihe BR .COAL d

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 tnere might be a preference
for the gold electrode side of the dice to prefer ths sulficle-coated developer roller.
In Step 3 above, the atiraction of gold to sulfur may be used instead of, or in
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with a sulfide-based material |ike cadm um sulfide or

sonet hing nore benign like iron sulfide. Organic

sul fides m ght al so be used, or even vul cani zed

r I |d attracts to sulfide better than”?i%

éﬁ@?‘ﬁ‘ﬁyﬂﬁ% se, so here m ght be a preference orgzP??”emmm

gold electrode side of the dice to prefer the

sul fide-coated devel oper roller. 1In Step 3 above, the

attraction of gold to sulfur nay be used instead of,

or i N addibh YL QQROARRS ol / Mhar g8 A8 ke 20

to, the electrostatics tgah !g#ﬁt%ﬁggﬁlg%%gg an&gt%ﬁggﬁtloﬂﬁsem

char g& o Pes7iR dheedice pcgonding de @ dewired pettam. Gl fice diectben

accor diidgedtvithahdRld HQtoletabifg warlthe éévas;t,@ E&Jﬁh‘?ﬂ' the light-
e

oriented.with the gold el ectrode facin owar
devel g el5rrede o topards %MM»%\‘@ t@pgferred tethe hot
or i entneitiadhesizrgdhl deofodsibasesfowh with tidttrahdparent eleB o f kiR up,
to the hot nelt adhesive gold el ectrode base down
with the transparent electrode facing up. The image
t o beThimagel bogrintod camrtiet written on a zcomenialiy ivail hhle laser printer.
avai | gk ehel ) at | transfer drumis. .
covered wt ﬁ aérgg{cﬁl ? i.o\g/gﬂ%%wgl%%? “}fﬁgﬁ%ﬁ"“ﬂ“ pholosensitive
phot o&ERE Mriten ory ({write dlagk™ with thedlaset tuxier the chintralk)f thé taker
t he | prin bngsHa sl corffitdr w@ Eﬁ Rl .

sl at{tdr%IE c:o‘rrpu?’(kez;r%flg’P orh%gs Scr;'t%?ﬁelaseﬂmor

engi ne,  tran
c om0 UG {6 Aoyrarats R fag drus GFho;plptoaskive laves ejects electrons

accurtatoahos] W ipostiverchirg® it thoiD F8A BN WiRARS inteRstt? ¥ he laser,
e] ethSom?el e%g{% o.cancel the positive charge in

t hose*Ar 83 ' ARge R AdpgAively-charged fnaagrey on the transfer
conv edrus. THisis the asremnt operatiol dfatke)laserfgeert 0 a

negati vel y-charged i nage on the transfer drum This

is the normal operation of the laser printer. The
di e- prhierfli¢-printing ependtion rutitizes lai relatively 1o@| redolution \e1échvstatic laser

| hha® Gk 5 . orinter” wih royghl
0 o1z ey 4 Clhal Moe: £ 617 B Thficpg e i “tnk:

Al t erﬂm@l)&,ﬂ‘q Hiced Fagie be afabiinatefl abaving as cmlaghesicatly  atractive
Magneleciade] 3 WHidl @S, iMeSdevabir FSiRf ﬁld/drqhél\@u&h%%aceemaérﬂﬁc

develé?PEﬂe{s rgoller and/or the drum can be magn

syst mse3d 1K rRiatR eRfomagapticrReiiza &ripettensing. i ng f or

patterning. Only the negative areas witten by the

I ase:%fyh uld receive dice fromthe developer roller.
efren

To i PoBpiYe Breas ) by; fhe lasen sheuld) spcaive o dise tfrqme rthe
the declopee raliad Toeiiplensit i cl8antydlithes biREhe SAIhiR8 thelviien the
tranghifrle 4idkfestinkloR 4 adted" s3 ek Yhedraistor takes place accurately and

completely without disturbing the die orientation.
The hot melt adhesive sheet (still solid) receives & negative charge 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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conpletely without disturbing the die orientation. The
hot nelt adhesive sheet (still solid) receives a
negati ve charge and attracts the dice fromthe

- rged transfer drum A so-called "deﬁa&u
‘ﬁﬁgﬁlgf.oﬁs noves the charge fromthe hot nelt s esg?qsmloosl
103 WO 2005/ 099310 PCTI 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 tm‘ﬂehexi Vrhilar ols] i on of

t he hot | t sgftenl ﬁig)ﬁ]tggl%g%teiﬂ@{ee M%ﬂ?’ R Rrocess
of thS’“‘Fl?r}e the Sphst mmﬁ@tﬂn@m@wﬂbsoﬂmﬂmm@m&lm@ﬁd
t he aﬁ:emetmleson&m@m Gl f

di ce raeCof og subst %p Rg’gf}daac@gg%%ggmﬂ?ﬁb F‘Iag'"eand
streamgg g ol ot Fbﬁ‘@@ﬁ‘ﬁ ngmmwumaﬂmﬂowmedm
resul toi mm%ﬂyﬁbhﬁmdﬂxﬁ{ahﬁimﬁ%éy cthg the
i mhed en. r ed contlnuous

pr oce%? or eﬁ'ﬂ%’g F“&éjfg?tj @h@’@{‘@h@mw@l iptbpdded

is a @%&8@;@8@4 mmlacmtmuomfpmmslomm:bd andivigaRSHeR ed
ser m conduct or devi ce V\/nerel n the semnm conduct or

el eneri ) h an ressabl e
m ddl e ﬁsg%g%ﬁrﬁgﬁ% R v@s@ﬂ@%ﬁ?’
of an‘Fe“ﬁ?/Eﬁ%‘F‘K’/ esme%ﬁmrﬂmmmmm drithl@e

V\/ner@ddreisblﬂemwc
devi ¢ an a eglggrglﬁeﬂtggg}o%ﬁ%@ %EI gég‘é“""“‘m
124( aw Whﬂwpéhﬁsemcqnumm«m npn-
enc apmmdamd, Wiﬂwnth&dredsﬁié 109 Rl reC IFipht 143G <3 s@Biolelf O
di e, Halolr g ] |stor B‘ﬁ‘?l st or_ and, conductors are
connect e‘g In a flevice elegtopi °°F@anh@%apll&?&dw,
f or &pRitransistay r@m arel mm@m&&ﬁﬁé@%? insa#@ee&m circuit
sect i ermnat i the inventive
encapt)‘és}giﬂ]at W&%‘é‘%%o‘ﬁ eﬁ&“‘éﬂﬁmomﬂwwfrae
124g Alfernafiye ;} fithesinventive mcaheﬂmﬂaimpﬂleﬁbm@ﬂfcdiﬂﬂh% Aigure
as DOZ4{a)dn r resi s,
el emejrz]f( )?or g?%rr?’eﬂé??%ng W%%ﬁ% "Eﬁ'}ﬁ{j
t hr o SReqiARand  resister plement for commeniingthe IENylemeni B4godnd S a
Cr 0S thréigh the ApkedranibBM\el@hent, 3 Q%g@tte&&ggelgg%ﬁf th

e e

i nve e .encaps Iated deV|c ronic
in Fi h?“hfﬂ’&% % mabcummmns

e ﬁi?ﬁi?‘“‘“mii“ﬁﬁ ek
electronic circuit shown in Figure 124(e). In this case, the capacitor eslement is
energized in response to a signal received by another circuit element, such as a
flip-fiop or the like (shown schematically connected). These variations are only
intended to be examples, more and less complex circuits can be formexd in
accordance with the present invention. Other semiconductor and well-known
electronic circuit elements can be included within the system.
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electronic circuit shown in Figure 124(a). In this
case, the capacitor elenent is energized in response
to a signal received by another circuit elenent, such

.p-flop or the like (shown schematic
ﬁﬂﬁ%"é{‘@aﬁ! These variations are only int engiéé PR L00st
exanpl es, nore and | ess conplex circuits can be forned

in accordance with the present invention. O her
sem conductor and wel | -known electronic circuit

el eneFgareC1a8 iPEcilcE di i\itakth i .em 4 Q.
2005/ 8??31%' BCT/ USZ%%%?)lQOSl ﬂfiié H‘%r@%@%@‘s&g‘“’%’ﬂ%&%’ﬁ
di agr AFAPX | M?Qﬁi‘?@“?ﬂﬁ%@ﬁlwelgam&mmﬁmdd@lay
Fi gur devick eé pikel tichaley 184, brbn 4rid bﬁle%ﬁ’-ﬁﬁel?ﬁ&ﬂt' optiéalfens
of a pixel .fro i nventive, display device, t

pi xel “rhet W%“@?@%ﬁmﬁéwmpm vigiviof the t
and ainverlive abpsileted sentdondiRi dévidedRsivihgle doli &R sheet layer

subst B%S‘mhﬁbﬂﬁeﬂh‘oé%egtgiclﬁsegﬁ?nlg%ﬁpl oded vi ew of the

I nventive encaps duct or device showi ng a
conduci ve sheet |ayer between insulative hotinelt

adhesinged i Jnﬂmgrfa&' ke ' anot her, aspect of
t he preserﬁ‘?%%‘%hntl on, 'as sﬁ%&ﬁe\g% Eﬁ’é“’i‘ﬂf'f it

nmet hot?4- 7 pt Bethertig proyidediiak makingem eoeapsylased setrsicbnductor device.
| CADGHISHH Qibsetty is pRvided naling W@I i | ded
ﬁg\r/ni (r:1 an el ectri %ﬁm condu_%:]?l ve s r_{ogéz'%!lbiﬁmlgg
‘adhes %"“i“'i?s'rls?@ thrlecicalivicenductivasmifaset |4/
conduprtdeteeminied P of SemidbORR SlefibRefe BalitSFL Rhesive The

' | t e fixed to th d T
Som BN o BeRREFah e on v candvisior s p besiom device
co B d M@Mnd_tep swbsttaterita ey @ﬁducﬁﬁu‘piu&hg{sposédt@@eod n A
Su Stlgﬁ&,&- ACUGE 1.V at.tern | ose
t her eon, Rm/fg%&ﬁ%‘%gﬂ’%@wfb8ﬁ?@a“b@m%ﬂf’$@%mm
s ubs tsemicenduptopelemdntsy indche togy substfatd, the ldntnatice 8 foRHeiUG it
el e The .l i nat,i on i
£ or ey ibesid HohEary BN §Rdsine B Fubafith b e BPused
and BPhgae; Msodgive.oneef thetop devicechrslubiot and bottsmbivicat e.

I fiuctiogof | : . .
n seo fof BERmtondubd@r &&Hm&%ﬁ%&tﬁ%%@%ﬂ it the.

bottom devi ce  conductor of the sem co

is i ﬁ“’éﬁs‘t‘iﬂﬁ‘m%%mmbm@dmm efithe top Glewlige tanductor

pat t endbaoni deeics aRdSkd? Of éadh RnRddfldiche eﬁfn%ﬁ &Pﬁalt op

devi G& pn{;jagcltlor aﬁlgc hott om devi ce con u?:stg{do each

seni Con Hrucazon with fhe q‘?hY??n@‘FcéﬁlﬁY%afﬂlebmmmbSﬁ'&te- In
this manner, each semiconductor element is automatically connexcted to the top
and bottom conduciors that are preformed on the top and bottorm subsirates.

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 semicomductor elements
is provided with & middle conductor region between the top conductor and the
bottom conductor.  For example, the semiconductor can be an mpn or pnp
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conmuni cation with the electrically conductive |ayer
of the bottom substrate. In this nmanner, each
sem conductor elenent is automatically connected to

:\Eézéogggggﬂg bott om conductors that are prefor%%nsmoosl

bottom substrates. There is no neéd r
W rebondi ng, solder, lead wires, or other electrical
connection el enents: or steps. In accordance with the
present invention, at |east one the sem conductor

pet wo SR TR AE Coolllh 1ol 50 fchfoy 6l feFRhiOR o
For exakipg & elechizalsenectionadbhgrmiddie canducter region. chddisiepal
105 Qe gk HESChMhpbiedts it b6 ShtRidal such@Rgibtotsand  The

adhesive conprises  at _fseast one eleétrically
condueendyesorscand other sersicondysir slemess. Spme of the glpctronic elements

connegl h@havi & thp sld®ofidhl SdrBuAEH Tt editfdf hdve 810p1df bottom conductor
Addi tional _electronic circuit conponents can al so be

i ncl udhetextendsigtodhe middle condptorIBgion o nquct ors, and ot her

senm conductor elenents. Sonme of the electronic

el emrepts do not  have to hot t gm duc . but
rat he %m@%%%ﬂ@ﬁ?@gﬁ%@%@}“g?ﬁﬁ%x ends

i nt o sémicondoedramnd cinulit ekements, ewph antranfistorssresistons, mpaductors, etc.
ol eme " iy ) P ' |

sem cg'?}l e gerg)g'ﬁ%bgﬁagwt 'elye%ecﬁks, _gu%hﬁ_mgg{mfg t

t r ans lastiwtion methed desesibed harem dRnstber; the light active waaigondugirhe
CONNCfefihel thn B G-l dvieh 56l ds dlEstBllivh B convering

i nventive hot ne am hati on nethod descri bed herein

Fur t héwnlightfieelegtrigel enggy.i ve semi conductor el enents can
be light-to-energy devices, such as diodes effective

for copnverting.. sunligh el ectrj cal ener Fi gure
129( af&*d 129 illositea ﬁ\?ﬁ‘ﬂ%g’f s PB%E%'&

p th e !bﬂerﬁéd ICED diesfolel o 1” dd_&ﬁivedxbkﬁ% wliciag fandemly toattared fielcl
adhesi ye su rate_utll i zing rando \ {

attr adbagRe E‘Eb fechith ﬁ”?ﬁ’i‘%“"é‘géi& ,%rs?g‘ﬁ)c‘g‘ﬁ%% B b
at t r aby incladinghicksl areotigen magretidally sttrabtivémateniad b orarsigeof Sk el

of ¢ nAEDydlF ¥l e B kb BEAUE ol Rleblnddf o368 B B

r el eadno exeh dirqugh hele angl becatiecoriented duarte theatitaptive fieren Rfithe

E?I ?hWSﬁaﬂg"&&'em ed due to the attractive force
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 releass 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 sir pressure, leaving the adhered and oriented dice in a fixed atray
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 substerate,
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magnetic field sources. Figure 129(b) illustrates the
met hod shown in Figure 129(a), showing the field
attractive LED dice with sone randomy scattered on

t rel ease sheet and sone oriented an

3&8 ﬁ@%?U% substrate. When the magnetic fleﬁgﬁhﬁﬁﬂmh%w51
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 fixed array

Ff‘;hféﬁw?‘?%%gﬂ%%‘ﬂ% Wf‘o*?#%%a&%%fﬁ?é%}%@ TR oo
eft do anodh embdtmmmnge acemeint@ini forselegtively semaving the
106 Viicg BOmiiiel ditthe ol Waid\ietod haldm] such bl Sseli 3 02)

illustrates a maSs producing a pattern of

LED dicervetions] eermeondnct@rm%smdf placeymachipe, dscopfigurad fo regoxe a

di spl @ﬁgﬁaﬂﬁ &Qﬁu@hefmerfaﬁing o W Aihér8 Qo R: sdResivél iubBtrate.
fromvvaer d|C|n |eee10r gﬁ}mschas
t hat igWsd SBY‘"E%

pl ace dmgn&nm;pm ﬁemg&u-ggw admxheme sabstraten Higared AO()

A ey v A e B o

nmet ho ddlmhmbmd}mglmmdhaﬁe aybssitomidibe ditieg sheet each bemg

adnos RuE gty f B R PR Al okPbEnbiERp dioto be
met ho dilasmnm thmadhesgmsgbsj_rgg( e didiegshent istmvedstorpiace the next

left gﬁ% Ec?}s[tﬁﬁ.eand &B%ﬁegﬁe ﬁgflﬁﬁ'tyﬁoved 80
substrat e an di ci n eet. each being  novyed
r el at ithabthe bEDie 1&1?‘3‘1‘&# IED plpcopentdqeption; o Figure

t he nexb(d}lduedies a biteRfo fmmm%hmwmﬁlaeﬁummm
substrate. The diCi ngaé@: Is noved to place the next

LED d,néaﬂlgfislgqap@naflggtp nt pin position, and the

adhesi ve substrate is.nobved so that the LED die is

P o8 oy B 453 5 ol 455 e B o
aﬂ her &ED dicea Singelthereiisye makiaed placecpreteiimplved) ¢his sysierh omdults in
iaﬁ“ﬁe'@%ﬁaﬂé%ﬁaﬁ%ﬂ@@éﬁc%%wﬁ%%@%&#
LED dipée andplensanachinese Figure130(g) ilistrasia pressure r?l

| nvol yesh 4iddthtd P Sttt ﬂ %rm,m&v&m

pl acenent capacity ar excee ng that aval abl e by
conv ertlte adhggive substrate using a pressure roller or other heat and/or pressure 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 inveative 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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pi ck and place machi nes. Figure 130(e) illustrates a
pressure roller enbedding the LED dice into the
adhesi ve substrate. If necessary, the LED dice are

] Info the adhesive substrate using a %ﬁ
S@P‘@?’O%‘Sl%t her heat and/or pressure source.pl; %5(%”010051
adhesi ve 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 dice

enbed Jab i S| heet can he d i.n line
RS i ot L
rol | - schemasicsi i completed lightiactiG¥ shesd imatesial forhed i
adheshﬁé@td%%mﬂﬁggefa%@%ﬁoﬁw and bottom substr:tes

can al so be provi a eets of materials. Figure
130(f) illustrates the adhesi ve substrate having the

LED drigere @3B iiews 4 bdimedti e
the i n@gﬁt Ive fg‘gsr?n%bi on m‘f:)t9 %g%vﬁgém%uk%%@&gﬂce
enbedtEEEH A 4dhesve qiRstraty with eplaadded 1D dige is papdwiched bervepen
CT/ USa00s) D1005T . t P ALy oub ocon paomete
. uctive surfaces on top_an
pot t oABABAPf Bowdin Mk 116 iy reoere simipsemeve) Higore
;/i ew B(Q) lowsdepbmpletd @@Mﬁmbﬂwmmﬁmfem
Or MEgley HRR resent invention.
Fi gure lir%ﬁ a§ ﬁghoms&ﬁ’ﬁ%%%@ﬁ?‘%#‘ﬁm?ﬂﬂi%m
| i ghttoRglesitpde efthatERdice r Th constivetioni aflows fongl ey ihinelevice to
substHedhdle, Wately Hi0RG HAAR the'LEB dileCe | S sandwi ched between

and fixed to a foil substrate and a rel ease substrate.
Figure 131(b) shows the enbodi nent shown in Figure

131( BigIeV3ANe) shdWa ah elB@iRent SRS 1 @ME% k e
131(%):!.2h0mt he c%%et ed gﬁ%%me{ of t g‘hﬁventﬁlve

| i ght™*%08 § (P4 botiom substrats audia sheet o prttesned tosyroadustary I thedtan o
f Ior n?dndwme?eﬁmamﬁmmeé @ﬁ_&é&&d%{e@ ch?_ﬁe iu&éalalldenﬂy

el ec e | Ce. .S CO ruct] on all OWs

f or aaEl @rg%f)d?t E‘ﬁﬁ”dé%ﬂg’co@%“ﬂ °ﬁ'ﬁﬁ’§,°?§’SF‘E’P}FVPH$‘ER@H°

t han shesbmatsiyl iving a stacked light AR fayers By ciidh WIEDOEOnERIM!

Foi | ool S dobfectlg ¥l b Rop ep e SR o ol

condd&EBfice in adjeining stagked loyersd Figuer 1326) jsah txploded view shdwing

LED ¢HeG@ri i . ' endept |

nddr oo S P’Z‘ﬁ%%%(%vf el oe el SR Pk

" nvertAbh Tn this gase, it velgtively inexpensive LED display can be formed with a
very high pixel packing density due to the stacked construction of the sub-pixels
(RGB) of each pixel.

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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sheet material having a stacked Iight active Iayers
construction with a conmon electrical |ine connecting
the respective top el ectrode and bottom el ectrode of

o adj oi ni ng stacked layers. Figure 13(?13{! i
Rﬁgé@ﬁfﬁﬁaéd view showi ng the various |ayers o e0510§0051
inventive |light active sheet material shown in Figure

132(b). In this case, an relatively inexpensive LED
di splay can be forned with a vet high pixel packing

densi g GidGink Aaditives Pt 1B AaHeaveSubstiale 158 esdtfzsremple,to
sub- pi xel s RGEB) of each pi xel Flgure 3%&@

si de rwncamerhPN gadigiion bredbr LI died visiRle i ght
active sheet material having a reverse facing LED
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for e *M“{ | emtted by

%leeh 0 Vi s%ﬁaﬁ%ﬁ I ght F| g%fge 134(a) is
an expl oded view of a nmulti-| ayered construction of

t hehi lfth%Pémea giubuﬁﬂs Fﬁqﬁvbﬂfﬁ? &ﬁﬁﬁicuf Eﬁéﬁﬂeﬁﬂﬂk\ﬂﬁi&hﬁh&t
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pur posad a hdat sink for tkbying excésh beat. rlhgmlfisma ﬂiusﬂﬂesﬂbwenﬂve
constr )
generﬁ?&gm%ﬂ’ %ﬁaea}uﬁ’v tlvw? ac%lv% ﬁze eV| ce
away fandndditives, deshiag phosphdr, fatinussiopizing thejlishheutpita Figureilg#(de
135( b) %rms'g’eﬂ& NS
whi teﬂh}sl %tﬁssé evl c avil nmtog ue I %?gg?n&ggf@gﬁmg
and a Risre MW“F yrdight gl sheet Hﬁ%"‘ﬂ
for f%ﬁﬂéb&iﬂt@v@&ﬂﬁﬁ&? by théILETS dﬁsé(deimb&dmadrwwaﬁengm

the inventive cons ructlon a white |i devi ce

havi n@%ﬂ%@éﬁ@%@vﬂﬂew %%’E‘?‘%”L

addi tives, such as phosphor, for rmX| m zi ng the [i ght

out pu ur 35(d |Ilust cked | ayer

consth‘j T"%W“&?%’Fﬁém)f’rdﬁ’@?ﬂq%' feﬁﬁﬁeeggfﬁ?/

mat er irelationships for parts of the invention, including variations in size, matenals
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 spamﬁcahonaremtended
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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Figure 135(e) illustrates a construction of the
inventive |light active sheet material wherein W

radi ati on generated by the LED dice is down converted

0 %lsh%ﬂd ght using phosphor dispersed wt hl'f(ﬂtrﬁﬁ 05/010051
adﬂe3|ve substrate material. Wth respect to e above
description, it is realized that the opti nmum

di mensi onal relationships for parts of the invention,
including variations in size, materials, shape, form

funct kPmosedkifled B RS, :iPE nOYURSIAH kP finit B8 RRERbY ARG

are deened _readily apparent. and obvi ous to one

ski | | &ersfraction gnd-gperation shovaand\dascabad. Acrerdingly sl sytable; o

t hos e niddifidaionddnd @qiithldntdandsba s 18 Fallikhacithin thesbopabriae
specification are intended to be enconpassed by the
preseM®®¥enti on. Therefore, the foregoing is
considered as illustrative only of the principles of
the invention. Further, since nunerous nodifications
and changes wll 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 valents may be resorted to, falling within the
scope of the invention. 110 111 dains: 1. A
solid-state conposite device, characterized by: a
first substrate having a first surface di sposed
thereon, said first surface having a first

el ectrically conductive portion; a second substrate
havi ng a second surface di sposed thereon, said second
surface having a second electrically conductive
portion; at |east one sem conductor el enent having a
first conductor and a second conductor, said

sem conduct or el enent bei ng positioned between said
first surface and said
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second surface, wherein said first conductor is
coupled to and is in electrically conductive
communi cation with said first electrically conductive
portion of said first surface, and wherein said
second conductor is coupled to and is in electrically
conductive comunication with said second
el ectrically conductive portildn of said first surface
ékgige device of claim 1l wherein the sem conduct or

nt is nmounted on an electrically insulative
adhesi ve | ayer disposed between the first substrate
and the second substrate that binds the substrates
1t ogetAeolid-Sate Tompdsitd dayicss charasterized Bier ei n the first

substr te comprises a.ran ar nt tra ' .
Sheot MEvIRETEE b3 Ge B At ARR G ithoprd HeRehetefa PR having
adiv a&ctedalls! cdhduckive poficdt N the sem conduct or el enent
conprises a |light- active sem conductor_ el enent, 5.

The devsand sybsteatehaving asenced surtase disperedarsepciald second

Q i ode die. 6. The

W@%@?ﬁ? er%nfiﬁ (?r?lptg)cl)lgductor el enent

conpiai kas ohe lsepitonéwctoraslangyt haeivg adirsticbdductor akfdes second

deV| ce of claim1 conprising a plurality of

cardictBnduct or el enents i ncl udi ng a first porti on t hat

|s c gy Iy

< 288 R Sna R it o poRiiofed péiiemf BHE B SRR suid

smé@amfabeyvavel ength. 8. The deV| ce of claim1l wherein

one or both of the first electrically. c ndu
por t PiTeinEpid fissteandiriprds erupladig ang itk %Caaﬁhﬁﬂaﬁ

uﬂfc%ﬁ@n jthlsdid fickt Qécthidieoh@ctive %ﬁﬁﬁt dfQaid! frsPsurface, and
p urality of sem conductor "el enments.” 9. The device of

whkmimsaid sévene conduverseciupteddoandis mle&wmally@npducﬁes a
- third, conductor, and ere the . a eS|ve
RBRARica R S S Se o Rl FARA R AE BB iomsi Said firs surface

connect ed to the third conductor 10. The device of
claimb5, further conprising a |layer conprising a

2phosfhe demfaof ¢131m bihierein the ssmuqmdmtenelwenm nwwntediosran

electncal%hmsu auve re%ve y‘é?hl%ﬁ] t b];trw%ré]n ﬁrs& gﬁ)strate and the

second substrate that binds the substrates together.

3. The device of claim 1 wherein the first substrate comprises a transparent
substrate flexible sheet having a transparent conductive layer. h

4, The device of claim 1, wherein the semiconductor element comprises a light-

active semiconductor element.

5. The device of claim 1 wherein the semiconductor element comprises a light-
emifting diode die.
6. The device of claim 1 wherein the semiconductor element comprises a light-to-

energy device.
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emtting diode die to enmit a light of a second

wavel ength. 11. The device of claim1l wherein the
first electrically conductive portion conprises a
first electrode and the second electrically conductive
portion conprises a second el ectrode, and wherein the
device further conprises a photoradiation em ssion O

| ayer between the first and BEcond el ectrodes, the
phot oradi ati on em ssion |ayer conprising a charge
transport matrix material and em ssive particulates in

#he %&%ce%&@ﬁﬁﬁ?é&g%ﬂgg p%[Elltagx{)jo?ﬁ senREUAANEST Slemehide

eni ssive particu generating
ipdlodiog adirsttpootion that is spuabieoft emittingdight gfa fiot svavelghgth and a

applied.across the first. and. .second el ectr.odes. 12.
seid o St s choaols At emiecish F & PeeaBi SHYERBED; o
first and second electrodes is transparent to |ight

emtted by the photo radiation em ssion |ayer. 113 )
813. The dwice of clafm d|velienein Dnehebethof thecfinst eledicallyrepnductive

and se d el ectrodes,is transpas.en . i .enl

p{ At d G s Rd e ERl EanduE R otits o pRbi B AR for
chﬁFeﬁb@i’cﬁai{Mﬁi’b?@dﬂli\é&ldﬁf:to‘i@ieﬂldntsght- 14. The device

of claim 11 wherein the charge transport matrix

material conprises an ionic transport material, a

SOl | I roel I . ' i NS . .

o ona LB U5 HE BE ol hetdil aschitolndhiioP el domprises  third
cofidiceirant ihered the ddhesiePRiyér doaipeisedn electricalbesonductive portion
pol yt hi ophene. 16. The device of claiml1l in the form
cepnegted|te theghisd spadictonpri si ng an array of

sem conduct or devi ces connected to first and second
conductive portions. 17. A nethod of making a |ight

la.C}'oi ‘Iheﬂbﬁﬁé of claimi &;:meﬂll eIz Ii:flgslmgﬂ Iayelcbong)'d JonEprisinEed I?hmphor that is
substrate_havj ng an el ectr.ica conducfiv ur f.ace;

o lafaﬁl/lwnﬁ@ﬂwuﬂ@twa%w 9{ light of & 7 avarg m fhe Hgld-

eig]!itg%% P?’?%H\(é;to%ﬁgb?g Ive %@ﬁm&%dt Pieght active

sem conduct or el enents each having a first conductor
1 fl.n d %hg ?18%29 of c?laﬁz??%f %}e% the first electrically conductive portion
comprises a first electrode and the second electrically conductive portion comprises a
second electrode, and wherein the device further comprises a photoradiation emission
layer between the first and second electrodes, the photoradiation emission layer
comprising a charge transport matrix material and emissive particulates in the charge
transport matrix material, and wherein the emissive particulates are capable of
generating photoradiation in response to a voltage potential applied across the first and

second electrodes.

12. The device of claim 11 wherein at Ieast one of the first and second electrodes is

transparent to light emitted by the photo radiation emission layer.



providing a top substrate having a conductive | ayer
di sposed thereon, the top substrate being at | east
partially transparent to |light; disposing the
electrically insulative material having the |ight
active sem conductor elements fixed thereon between
the electrically conductive surface and the
conductive l[ayer, and bindi npld he top substrate, the
electrically insulative material and the bottom
substrate together with said first and second
18ond Uﬂfe%%cefofkﬁﬁn ' Werddft bhe' 6f the mt%ﬁ& detohalelRtBaRS S
in electrical conmmunication wth the conductive |ayer
tofispanent to hghtsmhtted by thegrhdtat tadiatibe emissival layer aod thecathere
3?% ace of the ? &9 substrate to forma |ight
pleisgellsctiye o The nmethod of claim17,
wherein the electrlcally insul ative material conprises
an adhesive material and wherein binding conprises

4ct i Videideyice péclaimn éé wihereim thsrdharge trapsportimatrixampfgdalgiomprises

cl.a 17 erel i4gh t I
o§ S5HiF iadpoll R Sradibing B il of SRS BB ive
igonduct or vvafer. 20. The nethod of claim17;

wherein a |ight active sem conductor el enent
conprises a light-to-energy device. 21. The nethod of

| ai I e
e dokdeebest Qptiy T piedtin BET0AE Rafipok el Vonite ¢
pubabshegeh of radiation and second portion of the
I ight active sem conductor elenents are capable of
emtting a second vvavel ength of radiation. 22. The

th r
gfedgﬂg%nwgégf pé{ er n g‘ﬁhﬂ ﬁf ?&Eﬁ%%ec%g? |d\?éfp%s{n%rﬂd}&y%f
sanmumhmdnckmmms@mnmﬂt&n)ﬁﬁtmihﬁmomdtmmhmﬂvmwmmﬂmﬂ7;
wherein the electrically insulative material conprises
a hotnelt adhesive sheet; and wherein fixing

onp | C tersRpeonduct or
Z emeAnltﬁglﬁloﬁte'gﬁlt1 gﬁgié}gﬁﬁ%ggl %/Heﬂ%heet m}gnd
conppioviding appttem sgbdtkata havinglampelectdcally dondudtive surface;
| a '.natl n to oft n.the hotnelt material. 24. The

five adhssiNEvher ei n fi xi ng conpri ses

el ecﬁfcﬂﬁtlébt &"ﬁvle%eﬁfconductor elements to the electrically insulative material,

said light active semiconductor elements each having a first conductor and a second

conductor;

providing a top substrate having a conductive layer disposed thereon, the top
substrate being at least partially transparent to light;

disposing the electrically insulative material having the light active
semiconductor elements fixed thereon between the electrically conductive surface and
the conductive layer, and

binding the top substrate, the electrically insulative material and the bottom
substrate together with said first and second conductors of the light active
semiconductor elements in electrical communication with the conductive layer of the

top substrate and the electrically conductive surface of the bottom substrate to form a

light active device.



magnetically attracting a plurality of said |ight
active sem conductor elenments on a transfer nenber

and transferring the predeterm ned pattern onto the

i nsul ati ve adhesive. 25. The nethod of claim 24;
wherein the transfer nmenber includes an opto-electric
coating effective for holding a patterned

el ectrostatic charge, said pht4erned electrostatic
charge being effective for electrostatically

attracting the light active 115 sem conduct or

18. €MEreSn@RSd bOE1RI 07, S HeiR Md Qediriodilyl indilhtivaGhhtéRal comprises
sem conductor el enents. 26. The nethod of claim 17, .
apradhesiive materialand reherein bindjeg cdreprises astivating ghe adhpsiye material.
transparent conductive material to form conductive

i ght transm ssive connecting |ands, each said |and
1Bor  aRAREhédSf Mhitd1 2 WiRSER allightadtive REmiohdw@or element
sem conductor. 27. The nmethod of claim17; further
ceBppsesH kght emiitiing dioderdie fromaseqisgndaetor Waksnduct i ng

line pattern on at |east one of the top substrate, the
bott om substrate and the insulative material for

201 oviTthic mgetiod ff cidihy ET; Wwhessis & light dctivt semitoadwioreclément a
power supply source to each said |light active
cg@ﬁﬂﬁﬁﬁdﬁgF@?e@Wgﬁﬂﬁﬁpﬁ28. The method of claim 17;
wherein the electrically conductive surface and the
conductive | ayer conprise respective x and y wiring

24 i dThe aretlsed efadlaime] 7 wartekie a Sirstgortiondifithellight dctigdt

active sem conductor elenents.for _ form di.spl. ay.
sergicondiictarelemantsire CpRANS alemifting Hirst &aﬁfgg?& ﬁ&rﬁlat%n and
sﬁgﬁﬁgg%%?iogmgg??ﬁ rr‘lfﬁ gaéf‘{legkﬁ.g;/lbtgplreadi at@:}gen r%glssi on fg?ﬂ'ga

sacohd mavelength lf eadgationi rom t he i ght active
sem conductor elenent to emt |ight of a second
wavel engt h. 30. A nethod of making an el ectronically

28Ct i Yhe MR GF RN 7 gvﬂeféﬂ@ﬁifingrc%ﬁﬁﬁ%&ﬂfonﬁi@ d'predetermined

wherein the bottom substrate, the electrically
pattesiy bhthe\lighteativeisainiconductorcelements.subst rat e are
provi ded as respective rolls of material; and

conprising bringing the bottomsubstrate, the

28| ecthé fittlod of fitnalt7:; eoit Blelefdctriafly inkaldtioR nSdtérdd] caiPrises a
together in a continuous roll fabrication process. .

hotmelt adhesive sheet; and wherein fixing comprises embedding the light active

semiconductor elements into the hotmelt adhesive sheet, and comprising applying heat

and pressure to the lamination to soften the hotmelt material.

24.  The method of any previous claim wherein fixing comprises electrostatically or
magnetically attracting a plurality of said light active semiconductor elements on a
transfer member and transferring the predetermined pattern onto the insulative

adhesive.

25.  The method of claim 24; 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 light active



31. A nethod according to claim17, wherein the

sem conduct or el enents conprise a third conductor

and wherein at |east one of the top substrate, the

bott om substrate and 116 the electrically insulative

mat eri al conprises an electrically conductive portion

for making an electrical connection with the third
conductor. 32. A nethod of f&tsi ng; a sheet of |ight
active material according to claim17 wherein an

el ectrically conducting surface or electrically
SAbHahEM P elembhls ahd fSRRhS ?zﬁd BstterR of ARt VY Serhibndiictor
conducti ve adhesive. 33.  The nmethod of claim 21,

eltreerd$.n t he el ectrically conductive surface and the
transparent conductive | ayer conprise respective x and

y wring grids for selectively addressing individua

3. It TIRGheEd SE0ER NAUFhREinthE bMiTustifelaydrds Mriidddy printing a
di splay. 34. A nethod of form ng a sheet of |ight ,
transparentreandudtive material & fagmeconductivenlight trangmiysivecosgeefing lands,

Laht ;e td e - ird
i L S L T N T L
emt radiation of a third wavel ength. O
27.  The method of claim 17; further comprising forming a relatively higher
conducting line pattern on at least one of the top substrate, the bottom substrate and the

insulative material for providing a relatively lower path of resistance from a power

supply source to each said light active semiconductor element.

28.  The method of claim 17; wherein the electrically conductive surface and the
conductive layer comprise respective x and y wiring grids for selectively addressing

individual light active semiconductor elements for forming a display.

29.  The method of claim 19; further comprising providing a phosphor in the
lamination, 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.

30. A method of making an electronically active sheet according to any preceding
claim; wherein the bottom substrate, the electrically insulative material and the top
substrate are provided as respective rolls of material; and comprising bringing the
bottom substrate, the electrically insulative material and the top substrate together in a

continuous roll fabrication process.

31. A method according to claim 17, wherein the semiconductor elements comprise

a third conductor, and wherein at least one of the top substrate, the bottom substrate and



116

the electrically insulative material comprises an electrically conductive portion for

making an electrical connection with the third conductor.

32. A method of forming; a sheet of light active material according to claim 17
wherein an electrically conducting surface or electrically conductive layer is applied as

a conductive ink or conductive adhesive.

33.  The method of claim 21; wherein the electrically conductive surface and the
transparent conductive layer comprise respective x and y wiring grids for selectively

addressing individual light active semiconductor elements for forming a display.

34. A method of forming a sheet of light active material according to claim 33,
wherein said light emitting semiconductor elements include a third portion of light

emitting semiconductor elements that emit radiation of a third wavelength.



