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OPTI CAL SYSTEMS FABRI CATED BY PRI NTI NG BASED ASSEMBLY
CROSS- REFERENCE TO RELATED APPLI CATI ONS [001] This

WQ@pEBi1¢®wBs on cl ains the benefit of priority toP@I/B8S2007/022959
Provi si onal Patent Applications 60/885, 306 filed

Ja 7, '

ot APHCA Y TRV EaBRYCATRH B BRUTIHEASFD ASSEMBLY

their entirety to the extent not inconsistent with the

di scl osure herein. STATEMENT REGARDI NG FEDERALLY

SPONSORED GEGSQQBEREREHOEIOIMEA[I’E@ZAPPIMIGAT@H& i on

at | east, r with Unite t es
oot aMasnation slaims T Benetieicioon RS AJovisiena Batent
AppRatins 60/BB3 0TI 2?%@?3%’%3@2%[@“’?%‘3%?% June 18, 2007,
bottBaKkIeOIAE HalrehyNvichifpdrhtedIo\BiefSiemce in tieeif entirety to the extent not
em)nstrgp on of a r| nted, all polynmer transistor in

incopgisientwitl the digelQsuigrherginar est has been directed at

devel opment of a new class of electronic systens
conprising flexible integrated el ectronic devices on
pl astic substrates. [Gamier, F., Hajlaoui, R, Yassar,
A. and SrSTATEMENTREGAHDING:FEDHRAREY SRONSORED-

Fast decade t owar HERRBRGH A RENELSBMENT o: ocossab! e
[00ZF! AHidInvehfbn MARTHSHO &t le&4t5h BAHT WRR U’rﬂféd States governmental
&x "3 el b \Ailod Stajes go

mi conductors el enment's for fl

suppbeanden DER&(\)Q-@&SER%@ awarded b)hFJ $J Iéﬂamheht eikEhérgy. The

electronjcs is not only driven by the devel opnent of _
Uni 9\5 GPMWW%J% r@"?rﬂgmsl'ﬁltg'sbrﬂj‘ferﬁ!o@o by new

devi ce geonetries, techniques for high resolution,

dense patterning of |arge substrate areas, and hi gh

t hr oughput processing strategies conpatible with

pl astic substrat esBAClKGIO&.WM)IéIJNVEbﬂ'I@Ne cont i nued

(008 Si56 e RLAOREDRBROG! & PANIES: 2 POOTURI TSSO 1 1994, a great
deal Pﬁn‘ié}@hfjllné/s BE&H Elré&eaeé’ﬁ’o‘élvéﬁzﬁgﬁgntfdf v @I[aggz:?gie%’tr%ﬂlc systems

troni c devices, systens clrcuits.
comprisingliexible miegrétedledieaiform devibés oalptagticosubstrates. &arier, F.,

b o R, SRS e, S o v
Sub%'ta"’lﬁfa'l Fefééséﬁ has S%eﬁlcfgﬂébﬂ—fﬁo Rh&id'd Egé tcﬂlﬁﬁtdeﬁfé'lc?pmg new

evi ces S suscept anage an 0 ectronic
solytienfprocessablel egitanwhﬂs rfmxrcomiummisbdneleetrlwrarmtem_twadectors elements

t he nhe tflexibilit nd det.or i jjty ot ]
for (RGP HOMTBSbATHILS %remc avicas] FR0rReuB thateld af fexiie electronics
s nEErlp Ao Hefelip e o AN Souda kB0 ¥l but alsoby
newsdévice gebaediks; ltechiniquessfor éNg it rssolUufion, deasepattemting oflarge

fabrication
substrate areas, anc? ngh throughput processing strategies compatible with plastic
substrates. It is expected that the continued development of new materials, device
configurations and fabrication methods will play an essential role in the rapidly emerging

new class of flexible integrated electronic devices, systems and circuits.

[004] . Interest in the field of flexible electronics arises out of several important
advantages provided by this technology. First, the mechanical ruggedness of plastic
substrates provides a platform for electronic devices less susceptible to damage and/or
electronic performance degradation caused by mechanical stress. Second, the inherent
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fl exi bl e, shapeabl e and/ or bendabl e plastic substrates
has potential to enable a class of functional devices
wh200sngpeBEvol uti onary functional capabilities, PEGUTR08%022959

llexiplipcanG Hetormapaity Owaﬁ%ﬁ@bﬁﬁﬁﬁ lﬁ@%’fﬁgalsl HIOWS- these materials to be
L e L L

con\Farn@thbntﬁb%ﬂtcbﬂrba%edféle@tﬂ)rﬁ@ﬂevbby For Ekaempld, @evice fabrication on
astic substrates has potential for |ow cost

flemgl@nﬁba@e@ble .am!@rmmd@blamlastlgsub@tratgp@@a poterdiad & epable a class of

runclBA e Rl o i R ERRC SaelgR 2 SE g Bgoronic paper,

wea%@'cbmﬁiﬂé\%' I#?{;@ia'ré*a gBhéoratdrmigR ré’@l@ﬂldrpdi%plays that are not
commer ci al Igl easible platformfor flexib
i

feasible tisingestablished sjlmrghasawtechnoiogaas o?mally, felastioniczdevice

ass GBS HAE R A SRR S commerci

mpl%h&&ﬁtéthd‘rﬁﬂh H@? ngéﬁilgrcfdé%% Ngemniqhits, Séuchcé?’énﬁr‘ﬁﬁHgOBébable of

devel ope klng single crystall
assembllmg)elek:tareent devicas avdrdarge\substrate ardasconpat i bl e with
nost plastic materials. For exanple, traditional high

r005)!"elbib UBHSRRI S BIRRRNAR TS AbudREA Birciatif feadble platform for
erx@Fé”él@@ﬁé’M@é Qahd.dedigh au@rémlclaﬁoﬁ bPﬂS)‘élBFédeIE&tr&'il@WeQ&es exhibiting
ilms at temperatures (> 1 degrees Cel si us)

good Ieéactmmpenf@rmanqe eondippias o @rmnt larrglroberdﬁmgmb@nntmhmcal
3._& ur es of st or

challgt rstmep ’P%‘d’i’ﬁ'l: \Ié‘#sl itmggp%&%o rpg H\(gtsirI@qe crystalline
sullcbﬁb’abéé'e%tr'o‘ﬁ|c5@é\klé’é§afé7|n%8ﬁ1‘b%ﬂb@Wtﬁﬁ*dé‘?ﬁta%t:b*ﬂﬁétenals For

| ow for solution based processing and
exam@Ie \ttad}homdebtglmuauty mwnlasenmmcmrloommnemgaucb as single

crysgallad st B BBraAaBESTRRODERERES A SRR PEaTA DY growing thin
f|Im§éP@%$§érﬁﬁJré§@> H ObGQfeﬁ?éég‘Cb%ﬁL%g@ﬁé’t%l fléé’rﬁlyé@eéa the melting or

hese materials do not” exhibit Iectr nic properties
decomwpantuabltemperaturesemftmostaor all plgstic substtades.i meaddition, many
send conduct or  based r}sf,%sterr& ccqrdin

| th
inorgahie SERICORAUSHOTS a1E ek ItEngiealicsalnladd ophysRiEtsvents that would
alloRlfbesdatiory Bag@dgp%ﬁé@% And'@éIRen?! Setdnd,efthollfRAmorphous silicon,

current stat the art high performance
organierot bylorid organiinorganic Aemiconsuctarsdfavetesn developed that are

compefiledhits B mpsiatirg sipFess naned RYEOFRD. nodeRi bshates,

thesl%%éfé’rlé‘?é‘@@ no’ éﬁiﬁibﬂ%lé{ﬁl%rild‘pﬁifdeh‘f“é!ﬂ é&nﬁé%‘ﬁ?é‘foscérﬁfennonal single
active matrix flat panel displays wth non-em $sive

crystalbirg semmnductor@lased raystemfg Acmfdmgl;{ (m@pen‘ormance of electronic
area

deviEBs MR EYMAee AHae bR Be Rt B maaRiS & Ifps egycurrent state
of tHé“aﬁﬁ\@H kSen SRS rhicBhluctbPasiiBs Ak IIUR of these limitations,

el ectronlc systens and processing strategies.
flemblee@ldctn@mmstmhs;ate pmsestly hmated do speaific rapphmmne mod requiring

t
g Ranten et pBYEEA SHICTAC AR BOBI B 25l Batpeat panel displays
withSiisemidsive ixeR! ddFRNIghY emittirgdicled he physi cal

[006] Macroelectronics is a rapidly expanding area of technology which has
generated considerable interest in developing commercially feasible flexible electronic
systems and processing strategies. The field of macroelectronics relates to
microelectronic systems wherein microelectronic devices and device arrays are
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di mensi ons of conventional sem conductor wafers. A
nunber of macroel ectroni c products have been
W@ owsas®8ul | y commercialized including | arge aP@EUS2007/022959
distniiwtedandontegratedfdndargmar(ela stibspratas sigoificantly emdmg the physical

. j.orit t h di t
dimgFeigs GlogaientraEsSTEPRGHE R MaTTs1 ) RYRe! of DrCRelagtonic
t .
prodiits RV o8 S0ttty S herti AP ah SR INPRIGE ol Bl dRlectronic
flat w\d@ﬁswapprmm sThe memtyhd%eﬂm@splaqrsyetems cﬁlnpese amorphous

or pRbRITe,SBCoHE tfin S falisiston a1f s BANEINGd AGls Ui glass substrates.
MacRoSIBLAEAE ALY dplild InddRPoSeiRAE UiBnaBng oB{8e"8>100's of
meterst syaaed hhlt/ebelehead;udwdr Diber avatroglectrenis produats @s development
t
incluh, pogioVRRE fgHicRiArySs REGe oA ARRsR/aAIgE R Rcbaology.
mechani cal flexibility and bendability. To address
h
(0071 DERRRE cofisiBIRAE pforess f 1 figlPicte is ondretl Agfivation to

integrade fldxible sulstrates arddevicd sttuctures lm’tofmdmmemnsn&tsystems soas to
t echnol o\%%fnano wi,re and nanoparticle based flexib

Impart et daviea fueyonRkfintUn aoeEh Qedswgseﬂa%mechﬁrmaldlexnblhty
andtb%%%lhﬁ’;yTo 'aﬂdf&% thi sor?;beo6 Wi ABS r‘?\'at%r%g %f’rﬁfé@é?for flexible

curren evel opl ng new

magroslecteris systenas arseiimently igging Ipucswmnbludrr@ érgﬂn@ﬁmnconductor
manuf act uri ng of macroel ectronjc systens.

thin dim dransistay tf@én@c}t?gy RNOrWjre Andsngnopasticie biase@ ﬂ]swbmml@ctromcs and
org%lc/ﬁ%qganle's% leé?dtﬂzt&' rﬂg:rﬁé‘ t‘ékﬁnél@ﬁ%n t gtdfdgﬁh m%ﬁ%gﬁamlal research is

rrntabl e sem comduct or
currehtky:drrectled a@ewem;n@mwéa@rmbnlmoc@seseer acckssintehigh

ctl on L,’ el ectronl C assen‘?l i es ly versatile, |ow
throee Uteangl moersimanyiactying of magiaelggenicaystems ¢l osed
nmet hods and conpositions provide for the transfer,

[00 ﬂssg@l Pafdiiid 94/1 g%?f&ﬁ@ﬁ?ﬁ%@%ﬁ !5Btﬁrffge<'d 6?%?\8%%05 disclose a

an03|ze sem conduct or el enent's Usi

highcyieldefabrigationt plagoam disong pmhtabiecsermcondmatgr tleaturits| tmsmakmg
| acenent accura§¥ %lstratlon an
thef W

elecaniaienigeslaPag aiane pgvgsswﬁ Gianal eleglionic assemblies by
vers‘éyﬁec ! %33%&‘@&?1 rﬁﬁn e r a'i iGids. g?ﬂ%ﬁﬁjd&%d m?thods and

vant ages ena ron ual

conmemtmscﬂmomde fmraﬂwertrasﬂséert absemblyeahdﬁen ayd imbexyration @lnahcrosmed
gh tenperature ocessi ng nmet hods ont o substrates by
and{qr.nﬁnpﬁgeﬂé@ﬁﬁpfaﬂ@@mﬁlemmugegMmé'ﬁeﬁt%ﬁpnga% armt"&jand/or

solm@gg l;g@gﬁ@e HriGhes br%Wu{lﬁ%ps{)&tpﬁc%?nén? a%@ﬂ%%cyﬁ%&gstfaﬂon and pattern

Sl u a range

fidekty En/er #rge lsablstlratelbaFeas Rd‘hedﬂmﬂoéédememm@mfstdgqmportagt processing
substrate Fl.exi ble thin mtransistors fabricate )
adwa%t@ess ﬁnﬁﬁmth@ @@ﬁﬁremm:@ % GHaliBt $Micopdueier Majerals fabricated

o PO Sl RS, TS S it SHE AR i

techmiqueswhith may besndependently carried out at relatively low temperatures (<
about 400 degrees Celsius) compatible with a range of useful substrate materials,
including flexible plastic substrates. Flexible thin film transistors fabricated using
printable semiconductor materials exhibit good electronic performance characteristics,
such as device field effect mobilities greater than 300 cm? V' s™ and on/off ratios
greater than 10°, when in flexed and non-flexed conformations. |
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greater than 103, when in flexed and non-fl exed

conforrmtlons [009] It will be appreciated fromthe

O 2008gei6Ry t hat a need exists for nethods of nRKI/E§007/022959
IOOQ]ar bévwhbeaannlife@gtesltfé@méheé@ne@mngsthat adieediaxipts for methods of

mafFf B el Pl B0 Bt onies, BORLIGn BbtokiecBliG SeRE. n

partl@ﬁlafﬂlzgfdﬂmbati@th ﬁ\éth@d@fdrqmewgysteml eﬁ@&fée@buqnat are capable of high-
Furt there is currentl y a need for nmacroel ectronic

throsgfmléramddcwmqat ippigomntaliant fumiherdbereis qwrerrtblyraane@d for
nhanced nmechanjcal funct ality suc

macfyRRPRTE Y eRpaBITa §oo% Elelanic d6yihfedpmance and enhanced

mechahRafifetibhalty sablYMEREx(Hhity, "%a‘g@égw (B}an%m%}/ dior stretchability.

present invention provides opt | devVi ces and systens
fabricated, at least in part, via printing-based
assenbl y and integration of printable functiona

mat eri al s and/ or es and
devi ce con‘ponents%%g%pﬁmgﬁ&m the present
[01 O]nv efhé 9Pe§é"rfivmié%oh';ﬂmldsgbbhdzél%e%}b%fsedﬂa sy é&'ﬂ& fabricated, at least

|l ecting systens, sensing systens an

in p@m,dﬂ@wntlagxbawdtaéaemuymd mte@apon mf abntable functional materials
and/S gL comndu 1% S (2(%\{3 ¢%§'n$rgclj agwg é:g rﬁh@%ﬂ&embodlments

the Bfesbhﬁrﬁéﬁﬁ@rﬁ‘brd\m’é%”ﬁgrﬂrén‘ﬁ&m@réy%?erﬁé' |T§rﬁ|%#ectm|9 systems, light

sem conduct or contail ni ng structures
sensingisystems:and pbbmvehas)syammbmnsmggxmtable semicomductor

I nt.egrat ed th ot her .devi onents via print.i
elerpdif g vicing Taige Bl bid e%ﬁma%”%c@aﬂ%mwﬁq 4PicéS. Optica
systehfs 5f‘%H§Hré’§@*tHﬁ%r§i‘6 st ﬁ%tﬁbfé%é?mﬁbbf&&&b} tétRaining structures

sem conduct or base evi ces fabricated usin
(e.gc quintatile sealicdridyictarestprmeats) asspmided; surngmmed hodkr integrated with

[ [ devi ce

othego | CalchﬁSt e gfﬂ: {)Pﬁpp&rq%(s;ﬁgitqulgggﬁ}“ ?ﬂa{] ReTYRAICS characteristics

andcf%%%ﬂfy&ﬁﬂ atabRSto élggle%‘??%ﬂﬁets RRgbid pdRFISicks
printi'ng t at provi ange O usert u evi ce

fabrfoatexi usinglconvestior@b higratensgerature ppbcedsingometieods.  Optical systems

I S

C ip t] i
factt 8% pufodfieht degifs, ad CORRRIEN posiionSOAicesSBd by prfing that
prowdn/ errangeu of nséfutidevine fienationatitias. c Optieatisyemsof dhe present
. .0vi.ded conventi pnal idqr,sem-rigid .
inveBfigd ifciuaS deyines 3at dbiite s e Tt s ok Gl usefulphysical and
r

meckaRa ity el ey 1eHBRSRIhEneA! cifoRSA. Frclor
strefcbulabhtyat@pﬂcadzspistpmswfsthe rpges&mmwenmnhmiade,rhbwever, devices and -

al s str ti cal

deviE 2ty ppiea prECqveRtpRa) Hdid B SETE0Y SHtR@RR, I addition to

devn%@Q*aﬁ?tdeQﬁééé“éﬂrQ% fd?ﬁ%é%f‘@ﬁ‘ﬂéﬁbté;'sﬂﬁ ﬂergn‘aydp%ﬁe‘fchable substrates.

trans evi ces, such as an e sto ric trans
device (e.g., elastoner layer or stanp). In specific
o1 1e]rrbJmsmenest,iomelsbqnevideS.tdlauicprfebmatidrrmpm@assing\st@rs, methods

and mgte%als sqra S&EE lfctar’ mlagivﬁlgcéjpshtcal systems at least in part via printing
techniques, including contact printing, for example using a conformable transfer devices,
such as an elastomeric transfer device (e.qg., elastomer layer or stamp). In specific
embodiments, methods of the present invention provide a high-throughput, low cost
fabrication platform for making a range of high performance optical systems, including
light emitting systems, light collecting systems, light sensing systems and photovoltaic
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fabrication platformfor making a range of high
performance optical systems, including light emtting
wWoEBAs®3sS | i ght col |l ecting systens, |ight sensPelUS2007/022959
systemst dirocassing pse\iged byithe pswm methmsscan@paitttbe Withdarge area

subélt’a&é? %{%g e@%\gﬁee tggggia,t rﬁﬁcg{:algf:ﬁgﬁ"fpaévtc%%ggrrg{ls? and systems,

and 8 Géé’f@l W‘tétﬂi&a@mﬁ%p‘ﬁ@énor%r feqUfringhtfarAing BT laydted infaterials, such
useful for fabrication applications requiring

as pattetrén@ priptable stiyetueas ana/or thim §lm fayeins for glectrania ang electro-optic
devBpicy igiocS e Petserb Mysnien des PoEmBeMER AL Bmvetonal
mlchfeﬂffRﬂatloh '&Yt@rﬁarfb‘ﬂa&ic%tlﬁﬁgﬁtat?dtﬁt%t ahy daft b‘é’?ff@dﬂvbﬂﬂﬁt grated into

m crof abrication and nanofabrication platforns
existiag phetadittiagraplvie gtchmtge@lchttmifllnmdepemhsm deyice patterning strategies,

ovo 32 St HASELERLIS, 750 TR SR e e
of aﬂ\'iﬁrttﬁééé HGéP&r@'\ve-ﬁﬂﬁné’l Jﬁﬁﬁ@atldiite;‘flaﬁ&rﬁé‘mc'ltfoﬁﬁ ﬂﬁéa{i'ﬁtl@qesintegrate

rovi de a nunber o vant ages over convent
veryf lrigh |quat|tycsem|banﬁmtus matmtlalsh sughtdsesiaglel ¢rystatline semlconductors
and SRETICRI PSS GBEUPIIE eV ISR QEARR ATDPRNGIH, Mo Optical systems
t I
prov?c?éﬂ gﬁgﬁp@ é?éa]?.gﬁgﬁi Ca‘i&gﬁtgtrgﬁg%‘érsg@%tﬁgf}%%ﬁp substrates having
conmue@d alconforatation. poI ymer deV| ce substrat es, and
substrates having contoured a conformation. [012] In
n ect, the present invention ovi des processin ) )

(01335 nstian aspeg. tHegpreseal invgnian RIvEIRSIIRARSSIBS Maiheds using high
quafly . SSmIERALL B I SiaRi T RaRiRIE fiat ufo BrRMsESa 15 bR-Ride targe
yielgs ekmrirdabledsgmhigenduadtode learernits msthmdselbatadsphysmal dmyerhmons and

sub uent ansferred, asse Ied i nt eqr at
Shaps BALFIACEE SuDSEGATIY TsTa HRd- ApSemblat oA iiggrated into optical
syst?ﬁﬁrvng ?ﬁlngﬁg ﬁmt %%\???a;@% fﬁﬂ%éhd‘% g?@t’ bfiing-based device
fabrication onethodsis thaé ﬂmpsntabteasermnteaduatbr eleshards rretmn:desnrable

e B B s RS e Sl ot vater

stargil‘?gﬂ'rtdrtéﬁal rengj:: %@ép@@{j pg’?@péﬁ? gnp E1ah) '\Aﬂ}ﬂ?ex'\ﬂ'ﬁﬁ dlfferent mechanical

prommes Ghghifleibjlity tstretchdiility ate) urmam ufseﬁul tairt@nget apphcatlons such

as e BReo0s. df 2gBtien Hae E@Eeﬁt'@i a5ed §Ssambly and integration, for
exafr 1@9|h%n‘t’abt fﬁtlnﬁ)&?%hﬁlo}ﬁ iRG! Rormbatitid WethYevice fabrication
I t IS conp

ution printing, wi th ‘device
ovelf abge amasy mab.mang Iaaea;fgmadasaxceenhhg dhergimemrsisng obthiel hulk wafer
nensi.ons of the bulk wafer s

star}% Q}Qtﬁt'g’ %"ﬂ]'% aﬁ@%&f the Pf@?@"bf@@@ﬂ?” ||§1p@;t,lppltgﬁy|a§tr§ctlve for
appl‘?@étfdn%% %a&oélbbf@@t:sv?:ufn%{ 3Re grt&?érit %@ﬁtlé&tduc ictor processing and

croel ectronics sent semc
devipecassembtggnmﬂmbdhepnwmeafm eaty effflmehhusles obmduaﬂlyetﬁeaentlre starting

very ‘efficient us virtu the entire starti
semiGaduHRI R Erehiar anaiing pantq%%a@lcanmp elements that can be
ass?rﬁt egr at egﬂ%]rta géog a?éaerbﬁu (?edéew ces or %ﬂ gonents. This
aspectrgf dhe presentinvention is advantageous because very little of the high quality
semiconductor wafer starting material is wasted or discarded during processing, thereby

providing a processing platform capable of low cost fabrication of optical systems.
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aspect of the present invention is advantageous
because very little of the high quality sem conduct or
wordosn4xsarting material is wasted or di scar deRCTUS2NY022959
[013dr oclemeh@spea% etheu;reeemiunwm@naprpv@eemﬂagl gyistamns camprising

prinHBBicPaguftty Riher o pelRing g BERar Rondusior-psed electionic

dew@é%é@h@é c%ﬁ’fﬂcﬁ@ntéﬂé%%@ﬁ‘ibléd) 'm%éﬁké‘@ aﬁﬂ/dﬂtiﬁabﬁhted using contact
sem conduct or el enents, including printabl

printyegni knoan asbodimesteaf tblseaspectuthe dwnhee/pﬂewdeea semiconductor-
basedggﬁ g&gtgggasnmdse EERl yegénetfwﬁg gzhﬁfq%{gﬁ&d :ﬁtl ;g% 8? ﬁb(regviding a device
subs”kﬁﬁ@ ‘Ha]vmy\;f tréedr?ﬁ\f\ﬁﬁ '38 38% oé’r{iedjﬁlz g@g%rﬁn%]rlﬁgpﬂg%{rm&gﬁgﬁrahty of

pnntable $em|qmnductfb|r e@memte\omteesrebswwgtsnrfmlofgha substrate via contact
one Qr . nor

prinfyTG: 48 BOETRROGIARt ADP OPUEH SSTRIT i dNe sBReHRang resent invention
f .
compSh{ Mg S B o260 thpopsasamole
on thes peoeiviog sutface oéﬁmﬂ;ubs’nna&awlmruactmrlmmg dn specifig enibodiments,
NP Sl iy DAoL e
semY%&d%er%% fUre”ﬁé\HH% 3 En@tﬂ@%‘lédt&d ‘Fr@ﬁ?fH d'Ritge: ofe@@)bo?fmnhmeters
t he r|ntabesemc uct elenents o eot

to 19509tmﬂhmmps iswitltl seleaterbirdmctherrange of:toJO(eOhamﬂm@ters to 1000
th selected fromthe ran of 0.0001 mllinete
m'"'F@tgétﬂﬂdn@ F"F'P'ﬁﬁ%r@'eqew f@(’haﬁe'la@@?éﬁ 0-08R01 Iﬁ@"'f"!ﬁﬁ@@ to 3

millifetet 0GR L Brhbod: of il QBQct Ha § Huétor elements
ness sel ec edeﬁ;[rom? RB O%@H@ﬁ

compnbe iomedremerd eerﬁucnsnuuansetiemes lselemtecEﬁbmdhe&;vbuptohhsﬁng of LED,
aspect, printable sem conductor el enents conprise on

5°'%P9M'%d%&fﬂd%l%‘§oph@@w@@§ sysleqs, SeMicenduater- Qﬁ%ﬁﬁ’gﬁensor
Iase?,qpéiéétppgn(?fphb{:olalo&é)'I‘%r\nrfgeé 'Ie(ﬂ?% QdRctdd f?oﬂnLiHStré%@ of 0.0001
photovoltal c systens, sem-con t or -based senso

millimedens, tot Imrmlumetemda widthosklected fllmvthwrangeecrfgomom millimeters
e of 0,0001 [l1imeters

to 1000 TG @ieES B8O & BioRNGSs Seleaidt Hom Ihe ganghbh 009 omdimeters to
3 AL 3, b GFSER, BB B Ba3en comprses

semigdniductdrestraicture hawingnd tefighie selectduk:fromi the aghge of 0 02 millimeters to
m conductor el enment copprises a sem conduct o

30 r@ﬁl,ﬂ'ﬁﬁ}ptﬁ @nda widih selestRd Hoaethedapge of dhPe I’\’@"'M@@ tgr 30
m|II|9'reIQ {Tg (ﬁfe%‘g nffq?] gb&aeﬁ%)eéﬂoclfahgﬁ%tzae{%ﬁp rfE&i gtre\sﬁ' f?&rﬁér&e range of 0.1

millimeténsitot €nsillinmetef, @ndd widthsekeeted frppl theathge of ao i emiflinieters to 1
sel ect ed fr mthe range of 0.1 mllineters to
m'"'mqtq?n,ﬁ&efa N ETWCE! H"‘@@PB%@&@”QM'@‘H@"ﬁ%ﬁ‘%far@elof 1

mﬂhg?pe'litﬁr‘s’fstﬂrﬁnﬁrﬂefb z{rLd é'g\f@@tsg‘? %@"f%iﬁé R 8%‘6731 pillimeter to 10

cations a m e ran

millimetérsreh @lnsembodJmentJ thempeintalsie sendcmdu@bﬁele&ieatbeﬂpnses a
fromthe range of 1 millinmeter to 10 mlli neters.

semigoneiystalistiuisture aying a tiskesssaited o Bie @NgReHt 68003
milliFRABYS 8 8. i @?Q%@f&%?l?%&%%é%p’bﬁ&ét%saa HHRKHERE SR lected

selected
from the range of 0 002 mllllmeters to 0.02 millimeters. In an embodiment, the

printable semiconductor element comprises a semiconductor structure having a length

. selected from the range of 100 nanometers to 1000 microns, a width selected from the

range of 100 nanometers to 1000 microns and a thickness selected from the range of
10 nanometers to 1000 microns.
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millimeters to 0.3 mllineters, preferably for sone

applications a thickness selected fromthe range of
WQ2@8243¢83 | i neters to 0.02 mllineters. |In an PCT/US2007/022959
[01 ﬂnbuuan@mbowm@nbﬂhﬁpanta@lg seMmicangiuctos elementsiis/are an electronic

devEGR A Alidhusifirah ghSte 2, dhBrtbEsrori B hintable

semigchdudtor elembefi(5) isrlre serittéd ﬂmthé drenpeonbisting of: an LED, a laser,
nanoneters to 1000 m crons and a thickness sel éected

a sofargelk ae:enaﬂg@ @ﬂdeoa transistareasd agohosodiode c lv A grakiediment, the
an enbodl the, printable @'em condu

printaB I SR SRR et AT it e BB eRcanauctbr lpusiurs integrated

withQdt, I@é‘stedn%cédd?fbr?al devckRe sbléc?éd ROERCHEGRBUP cbh§ist|ng of: another
printabl e sem conductor elenent(s) is/are selected

senﬂcmdmtm Syructyrer a didlectria gtrotturancarengctive Istraeture,carkbamoptical
ansli st or

Strughise o b 88 SN AATIANG 10 BRGNS SPRISONALEICE ierment comprises the
l;
semiERGURN Stluchur® IAERREA N ARpaSond CcAERb TR dthponent
selectemﬁbmthesgfbepced&fshmgmt lan glectnpde andietectniglagér, an optical coating,
a{gﬁt her gem conduct or struct uL X % 3| el ectn(gI
a metdl Gepiack Pad GRd f 8¢ icondreior Ghannelndn an espbedigient, the system
furtrzéer:gbgwgfﬁﬁ uct%dpe% tr%ﬁﬁf@b%ﬂn&é@ ﬁfe hgtgﬁnkﬂég\ﬂ ed in electrical contact
withsatrlegasta poitiohe isatdeprintable semiceadticton eleahems rwherrem the electrically
evice ¢ onent selected fromt |st|n
confiicting-orid BEesheroRcmaAesstane Apetodaoraid susterm:
coating, a nmetal contact pad and a sem conductor
h
(01 oetul Linfly BARATY Fitioas f8F oBKEMBIMQ 6[bafifzing andior integrating
printablde semicanduetce ements cafdhlsaaﬂpewt inclumte dquasanséermmﬁacirpnntmg,
t abl duct
mic@icabfict ohNR)OEHEGERMIGIg MicToBANSIEL AT FrDoTaRsIG Bntng and sel
d
assoMBY ool PFtG! Blserd] coptdet PR beHefiial f fidtprosent optica
systany becausmgaldactwmgsmmblymdanm;mwndmpmralﬁy@’rmmtatrbé '
this, aspect |n de dr t ransfer cont act r|nt|n
eIt EIA Selae g aalions Bng POSIER romiive @ £aFR piflero Contact
I
prinfiig 4 (R 5regEnPin) SAd1PaR0Srebles SRREDE arkfer Asfébly and
integratisaraf diverse alassgs bénaterdals asd sttucilresyaclsirgiemicanductors
nt egrati on of lurality of i nt abl e sem conduct or
e. g'r,ﬁng%a@@'t &miPrdnitars, Sing'd rysialing semicanellgiorsrganic
WRI8! carbBR bn’%’téf‘élhré@? ra.é@areée?ﬁ@bog@u&md ®dntact
so enabl es effective tran assenb an
prmtmg epthodoof thie mesemtsmvemtaxseﬁtmfalImwdalhsgrapmmsion registered
é% uct.ures, |nc udgi n senm conauctor [

R AREMALO! BinBBIS S EoaRtag claentE HipIaI &0 positions and
spagélflleH?én‘fatﬁﬁ@ reRIiYE G5 ¥hne: or%&@%}ﬂ?é;g?ﬁg %ﬂsﬁg@ﬁet{t%%\gg on a device

ectrics, and conductors

substrateh éCqntasteprintingvie laulsoocnmpailtde avithya piichey rarggehofodubstrate types,
. eci sion reqgistered transfer and asse
InC|l’!j$

|y of .
ing copyentiofial AgidRIsespi-igid sukstates ngsag @lagess, ceramics and
metBRS hhH YBs@AMés having physical and mechanical properties attractive for specific

applications, such as flexible substrates, bendable substrates, shapeable substrates,
conformable substrates and/or stretchable substrates. Contact printing assembly of
printable semiconductor structures is compatible, for example, with low temperature
processing (e.g., less than or equal to 298K). This attribute allows the present optical
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spatial orientations relative to one or nore device
conponents prepatterned on a device substrate. Contact
WQeH0ati#3egS i s al so conpatible with a w de rangeP@f/US2007/022959
systemsstorke Enplomested using @ raggesi suhsiraleanatearigissingluding those that

decqfPhp of HRgMBER| M T HEAR I haT B pol i ArkF ARl pubstrates.

Conl?éél?ﬂnlihgf’tra@u‘ste"raﬁéséfﬁbfﬁl%"ndsiﬁfé@*rét‘ncfn SR Vice b lePiEnts %JQIBO beneficial
| exi bl e substrates, bendabl e substrates, shapeabl

becausssit canéde, implementeshyia lewicost m@blmmuwgmm erioting temhmques

and SYShen 2 Tl Aol PhBtnd dnd TR PaiaboT pitngARliiogs and systems.

TheVbrbgeﬁtCIW/éﬁlﬁ?ﬁhé&ﬁé@n@ﬂh@@@%é?@m(&r@aet drﬁﬁﬁgﬁ@é&‘rri‘éﬁ out using a
equal to 298K). This attribute allows the present

conigsmiable kgrsfendevioe bsudhmas an@iasé@megc mr@naferaieg@eocapable of

e TRl L L Pl ot
elerﬁérﬁ%t 'Iﬁ eﬁ%ﬂuhéhi%susé?@ﬂb?‘§6mlérdéi)idé191btnb§f§ﬁ SPphcatlons contact

assenbly Integration of device elenents
prlnblegla‘d:amad duwalmean elastoméxic stapd@nent ed via | ow cost
and hi gh- throughput printing techniques and systens,

[01@?::&}3%?15 Iqa g%gpé%r% nd e egg%e%ph' Smbly,f printable
e e Ve T A e o

havmigamte)memoce tonlast surfates; dé) establishing Copformial cemtaopbetween an
oneRal S R St BBl e Snthne s Lfeceof e
conféffiable fr&ﬁéfb?@éh@@ \ﬁﬁ@i‘éu‘f' fid CioRRALEMHita rﬁldgﬁbb:iﬁe g'rf]mtable

carried out usi ng an el astoneri c st anp.
semictrutlictarrglementtasthecattactaurtace; (i) nomtagtuhgatlmjpnntable

seneaillieigr SlemBnl BhGed 10 Cact S oot ARLhE Reslibgisustace of the
devita\gubstrane apd nwge&arraf.ﬁ@hesﬁﬁﬁtas%ss rhicbh @&bﬁ@léﬁ%t%d the

confornal cont act betwe an extern sur ace of
confact sudace obthe confdimalle transfarrdevioed thereby assembling the printable
of, the, conformabl.e tragnsfe '

semigncprer AP L SR TA Sasiine syﬁa% Bf resgidcs sUbsiraie. in some
embaimentrd wd Qfep%f%'ﬂécbhg tthr é‘%&nﬁéﬁrfo%ﬁ)r e(l%rhbﬁt bonded to the

contactlng t he prlnt con UCtOf el ement
contast sudacanddhe seodiving sarfdce béthecdevice agbstraté zompises establishing

ol 065 G B e B B e o
prinfdblé QEQIéHnduﬁﬁar%@hg?Péﬁd Hef %Wndj&yﬂf:f@e hs‘?j’n%")é:hnbodnments
uctor el erent

assenbling the printabl’e sem con on
the pentablé semivontiactor efemért(s)eon the cariactrsurfacelane bmmght into contact

with G AaRITR ARl LA R NS S0 1R ERde Mg pitace to faciltate

rele88é! ahB%s‘s@ﬁﬁilW H%%Héfn@@ %u?gtréfée gsy bF@Ia%ﬁﬁﬁér‘i@ernﬂer devices,
conpri ses esta I'ng conformal contact bet

suclk astedastomer flayess of stameps inahsding Pﬂ)eMS stamas/ and layess, is useful in

i nt.ab nd. el e e receiv .
son@[}r'pg eglﬁggh}gg gﬁyocgrt ggvuc S estab |§h conforma c&wtact with
printable semiconductor elements, and the receiving surfaces, external surface and
internal surfaces of device substrates and optical components.

[017] Use of printable semiconductor materials and printable semiconductor-based
electronic devices/device components in embodiments of this aspect provides the
capable of integrating a range of high quality semiconductor materials for fabricating
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the printable sem conductor elenent(s) on the contact

surface are brought into contact with an adhesive
WaeuBo#36ps anari zi ng | ayer provided on the receP@I/n§007/022959
optiealsyateams exhuattmguaxae&entaemeeqummrﬂﬂq/fumtwmailty Useful

prinfipl, SGo PR Bt 5t o RS GTRE P AR eE EH 988 rom nigh
quaﬁtgas@nﬁc&ﬁuhdt@fy\ﬁafef sbrdesefnéluding SPaR etk @éﬁ«(i%anab&ors
of these devices to establish confornal
polycoﬁsaalm_ne semicqnductaas) anddoped semicomduetosse it 8 systedh ohthe present
invepfiphube Pintalie semncalticid teewehaShRrSes AR Roranic
senﬁ&i’n@ucﬁ%tr%fctlﬂé' I?\ta'@i/ﬁeﬁﬁaf tﬁgrﬁﬁﬁrﬂrm\'@{tﬂn‘ HepAimdble
rintabl e SEH]COHdUC or - pase ectroni c
sermtmndmwrmneat compnseEsa sirighe er;tstalimmsemladndubios material. In
he, capabl e of integrat a ran

ectpowd t he, . of .
addﬁlpghugﬁ,g p{lgtag%%wgg ueler sueiures groyv| sthe capagmty of integrating
P SR P g BR8Pt Sfcronic

devmem Mcbmpoabntsearﬂd#on smhmdadusterrhemdstmmuresL suehnas hybrid
ual ity sem conduct or wafer source

derived fro h
mat?ﬂ%'ﬁm%v@r?ﬁ ge@g%ﬁt'd'iel RrREesURY ApARWbsgAWently assembled ona
sub&?ét)é“sfd ”ﬁ\ f@r’fﬁlﬁ u%fit t;ﬁiﬂ?aﬁ@@@ﬂllconductqr elements of the
sem con uc na systemo e preésent 1nven
pregem lrmelnmoalclommsm funutcb:mi efectronivedd vicaspr device aomponents such as
mtar i norgani ¢ sem conductor strycture. I n a system
p-n jynctine pieé%aﬂdwqff%ﬁlpps& llth@rmmnst %qi%s ﬁmlmﬁd@rdasers (e.g.,
i
Verfied Tty SfRiceEmiting LaGefs (OSERN, 4o GoEIBRAE kBl
structures provides the capabi I ity of | nt egrat i ng
[018)ri it ableenls&dlmhumae peiotgble semicawuctorederments are assembled on said

el ectronic, &@ and opt oel ectronl c devices, device,
devicg Ha%esSLéﬁ?‘S i they-ganaraieca B IHayeneuctyre n said regeiving

surfade NYP4H @ bR Sroﬂ'@ga‘?? I}k;agﬂséi Al tﬁ%}é&?%’ir%fﬂr& comprises

processi ng an supsequen on a subs
mechaaiqallystacked dotarcesiisailn anndmbodieent, for erambles the printable

senm conductor el enents of the ent i nvent| on
SemigRRSIUCLr SlementsaE SalalisdRvinaIliBran bandganse e

conponents such as pP-n Junctlons sem conduct or

[01 97]' Odeimc i g@i arﬁg&iﬁuggs@ e Qi he E?ége‘r\? ﬂﬂ}éﬁi\h&‘i mM&PEhtonally comprise

rface-Emttin aser

a vdrM@S&i_addltlanw/davnqemitamets mctudireg, Ibut anllr&]tedi mo,acrptlcal components,
nd uc or elenents are

q %go ﬁh ﬂ, t he Brlntable semcg
ieleclie Suetires, CORAYCHNG Siuctu(Rss ad ?%'VéLRM?”E Réﬁ"t’ﬁ'é‘&es connecting
SRS s LY BRI S DG BRI BRI Bl gemens
andﬁirrthmtflluhestnmhqnesm areaymfl thasé strattaoéeedlnsmi emboellment for

I n,an embodi nent exag)%tdlp t he tabl e

exal i, Gt RREAb TP PIPeE ghugntopTuEhEGaTgrises one or more
pas&ivé o ?ra%ﬂ?e Bﬁﬁgal% or{e‘?ﬂsgl;elgefebcf?ém“w&p%lﬁ) ?c}néu&irﬁ; of: collecting

aspect o e pres nt i nvention may o
optics) rqmnceatratmgaoptacta( diffusirglopiics; disp@wve: eptid:sa mmlt:al fibers and arrays

thereolp Iléjr(ljsle%(‘:’andb artrayso%helrtlacr)? d?‘f%sers re tcltggl Bra Irgjreqlectors waveguides
(“light-pipes”), and optical coatings (e.g., reflective coatings or antireflective coatings).
In some embodiments, active and/or passive optical components are spatially aligned
with respect to at least one of the printable semiconductor elements provided on the
device substrate. Optical systems of this aspect of the present invention may optionally

comprise a variety of additional device components including, but not limited to,
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dielectric structures, conductive structures, adhesive
| ayers or structures, connecting structures,
WerwapswBati ng structures, planarizing struct UPEBUS2007/022959
electricat intercopnectscelentrades, anslilators And eledtio-optioat elementan frinted-
ctures

bas] 453hably i e af 6 pSpeobt A siats aldfhoa e slements and
addlilaﬁélztﬁlfvdé’é@rh S&ENt8NiR AUdifidH ?)ré@s%?hb’l? aPHt iRegratn of these

opt | conpohent s sel ect ed om t he” group consi sting
addmOnaloejemeots oy variety of tecdmmmst well kngwo jin thesfieldiof imisiaedectronics,

ol g L ol el B
cherzﬁal 9%6’( &eFP t;%ﬂ\g ghg&gﬁﬂ gfgﬁﬁ%H' é*t??mc layer deposition, sputtering

deposaﬁdmeto Nsoﬁduﬂtogngphy;rspantoata‘fg and Iaser abmtlongm)temmg
sonme enbodi rrent s, active and/or passive optical

(026 o B MGG aReqd ReSami pibvBlesdhyanhiale pesres haanel over the
phyﬁ%&"dlﬁ%ﬂsfbﬁst gé?rﬂﬁﬁxcr%lét%séﬁa%fe néﬂﬂéﬁ&ﬁhnéﬁ%@rﬂ?ﬁztﬁn doping

|1 S aspec resent |nven Ion may Optl
Ievetsoarmd eerals puritt of the pritdable semicareltictar eiempntwaﬁsembled and
. includin but not |linmted to,electrical
mteg;r,ql{%iJ ﬂ'@bpg@segt ge@qaégggtemsnslmaé} gmbogdiment, printable semiconductor

elen‘?érﬁ of B fl%ﬂ%ﬁ{rﬁf& rov%’édrﬁr?g%?lt%% ryﬂﬁf%ﬁﬁﬁéé SBHe Wibstrate

use to as and I ntegrate a
withel demsitysequal taddgtaaterathad &vsemicondpetoe blesnents nadd| piederably for

B .
and} ré’ﬂe?atﬂ{:cal hgpﬁc{eﬂi‘&'ng% r'i?ny‘éq) gtcPUFgl%%i chﬂhﬁ%

0, opt ograp SRR ques

sem(cmrgiuctarledarmeais map rlncmnndbert embodlp’rem; thelpnmwie semiconductor
03|t|on atom c er ep03|t| sputterln
eleng §9f the,pptigal systegb V¢ At leggt amfpn%tﬁﬁwaésays'g@ dimgnsion (e.g.,
t
lengtB3FEITED; LMo RANRLL G ud R hySlcaPinKheiiieless than or equal to
2000 Imanphmersahnd insomieembogimemts less than at eyealtpB00atanometers. In

anofir EMAUMBNN PBgh GRS SPKeS EIcI BipBERbRL8 oPtical system has at
|easgg | Cgé&ggg@@ml ﬁ&hﬁ% d n%ﬁgbﬁést% 'tl‘i]E&e{é%Efé%rsetﬁSHtor equal to 100

an e
micreas] prefierablyoior sbmeeapplicafiotsiesephare af equaitternOarnizrons, and

g}d on the rece| Vi surface of the substrate
pfefgﬁ?w r$omse @99 katians !%sghagpéﬁﬂé'? I'tophmigyons. In another
embe%?jgggl %gB&n&l@W{ﬁ%sprmﬁlﬂie RREEA AR él@{rhe?ﬁ?é‘@ the optical system

densi to or grea

relathenioceactucther asd eeleotesl tmwmhm w]doomahemlvérs for some
applications a density equal to or greater than 100

(0210 PHRTARG SO e AT RIsanaN BR s e mETa TopIped orientations

wﬂhZéégcﬁésﬂtg %‘é?h %tthérﬁ}sdthé’ﬁﬁe\h@é‘ @Letrﬁ@ﬁet CtEQJf o@ﬁ%’ﬁ'os&%elms of the present

invehtiogi trudn reahqument; annnmhbfe mnmmddctmselednentmf tlaq twltlcal system
and in s iments | ess t

are lgnofugael InEGOmiIa RSREC I eanoWiee nEHe BrRseal uaption Mcludes, for
exaPpid) oBlibal atéins AHer SRt Yle SeRTESHdRtor d1EmBRIE &&End lengths that
syst em has “at

are parallel to within 3 degrees of each other. In another embodiment, the optical
system further comprising first and second electrodes provided on the receiving surface,
wherein the printable semiconductor elements are in electrical contact with at least one
of the electrodes, and wherein the printable semiconductor elements provide a fill factor
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| east one cross-sectional physical dinension (e.g.
thi ckness) |l ess than or equal to 100 m crons,
woe@BasmBs y for sone applications | ess than orP@E{U&IOO!/@zz959
beMQBﬂﬂherfﬁﬁtsandlﬁdCQane@CHqus freatentinangrEquahta HHSe, preferably for
m,cro not her enbodi nent, the

S°mﬁo%'PP8@' eqﬂ? eﬂH@' ‘8&'&?@9&1’3‘%’539 onduct or el ements in

the optical systemrelative to each other are selected

[023]°0 WhelirBséft |%tm%ﬁrﬁ1 i@&i’dal BydtBaddi prising printable
sem conductor elenents nmay be assenbled I n se

semiconstuctari edermentst afrarmﬂermta tow densitydfonsparse) cohtaguratron Use of a

e el enments sterrs f the e
low CRUaif paRiGLrAIG Ras BRER IR for S Apalralien Pt Sieiataurt of
senﬁ+cﬁtlﬁt&tc§ rﬁé rhBeatedin dé\)fée%] ﬁtdso'&%béééqhégﬁiwer costs. In these
I gned respect to eac The pres
confrgnwahbns;rsenmcbmﬂmtor élemee»tsmpiyebe apangabn:a/smlnsttate so that the
bl e, sem conduct or xte

denfpgt samCRaAuERs SSTiente e vgeapydh SUG ey i Selemis gpticall
tran?h&@]nt dr@fe’?ﬁﬂl&h@r s&?\@%ﬁ@diﬁrenté‘ﬁmo?@tﬁér?‘%o%é@tﬁm transparent at

conprising rst and second el ec
selertar/ivdeeleagtht hia areembodimyersty pfiniable séraioendutioe elements of the
ri ntable sem ¢ uctor elenments are i ctrical
optigg DM Gré RIacaGas th %rﬁacea\fms surtapa ol heudbstiagwith a density
caulf 51854 HErpiOdh SShoPPILGRBUNERS EhETBRBPK: orfe

emtgydimeats 4 density equplad or teskdthén 5@0a=feemabhducftor elemants mm™', and
i ments equal to qr Iar%er than 50% [022] The

morsrnrggefr@b rrt%mmsﬁﬂab%m.eﬁtq dessipenwdito oy dgssiipan 50
senfEORSHMafenfd A 383 Cfah i O R GleRefL ARYRE and systms

capable afawes:snng sphrgucaifigunations, tensémicontiactos etements cover less
i cati oz}s ﬁsheghe armunt of sem conduct or
Jo Pht

|
than Rbefyetar recabiNg BUTface ehineratas! saeét&tg. inganother
emﬂc?ﬁ?ﬁ%n?%%&sthar\ Br E4G2%0 %8R A4 c?ﬂér eﬁﬁ%BH at %%sgfhan or equal to

be arrange on a su rate so

0.1%ennianpther emmmmedmahe ropabalrm/ste?m ifgrthenvcompriging ﬁrst land second
that the systemis optijcal transparent r|t‘?refer
elegtigdes Revidae o thedes 'ms\eestr%sﬁ whesain he A tabtﬁmgﬁmrcenﬂuctor

elerAtnSrEGh %[%r e 'gSH hwrtbrﬁt?éhs‘?%g%f'fﬁé‘bl o'dEEazS’rlufwherem the

sem conduc he optical systemar
pnnmbw sdmicanductor elements mgvsjeré fik tactér betwveenhihé rfuestend second

a depsit u to or ss, than 1000
elecgwédmmaargr@oﬂr@ i 30 Yen er?efap'é(ffef 8@ arabodigiepts less than or
equﬁmoéh nments a density equal to or less than 500

sem conductor elements nm 1, and nore preferably for
some enbodi nents a density equal to or less than 50

[023]erriTchermtesenrmeéretrmmhsludesbptlcarswtems‘compmntg Mntable
res Qfgeﬁt hods and s sterrs capabl e of accessi

?W&GF%?\%%%E lediqnddnigaraied pite A r@f‘gﬁé\fﬂ-’§efm substrate
mat%ﬂ?i II"‘Cﬁ.ﬁ?ﬂé Hpa%s%rubgﬂét%ls ESIIyFr%@s‘&Bserﬁe ?Ea“s‘ﬁ nggtrates metal

sur e target subStrate; 1 n ano
subbtea’&est beramic sabstahtespwabér sabdtratesaand compasite dubsinates. Substrates
use}u‘? in the parresgrtrt o&ruc%III s§sotems include those having useful mechanical and/or
physical properties such as flexibility, shapeability, stretchability, mechanical
ruggedness and optical transparency at selected wavelengths. In some embodiments,
optical systems of the present invention comprise printable semiconductor elements
assembled and integrated onto a device substrate prepatterned with device

components. In some embodiment, optical systems of the present invention comprise
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0.1% In another enbodi nent, the optical system
further conprising first and second el ectrodes
WQe@si1¢sas on t he recei ving surface, wherein theCT/US2007/022959
printgblen$eIBICONIEHIOE GlaTuents rasseeatt gn@n‘éegr@t@ eotora davice substrate

navifii EikoBHabuPhi ARRLoGy s §reliceRiRBuaf Grasigo a tens,

Iensfarl'dy, Pﬁﬂé&lfwhﬁbweﬁéﬂefchﬂ bgf@u c@aﬁnges“emé o loptitalastatings, or

l'ess than or equal to 10 preferably for some
optlcaﬂudtanmaf@tlse@gtramtwnaém havingoreer l[“lOE%ppmai coatings such as

o8 £ SRt oS, o Kl GRS Systems o
the pr@seaf mt/sﬁtm&@manéépaﬁtéme géﬁafddnd%eﬁb?tené\hsnféeds%w&éd and
i ncludi ng gl ass substrates, polynmer substrate, plastic

mtegrate;i onloaas devioe substiatet rnamraga ooataured recdiging esueface suchas a
er subst 03| te éubstrat es,

r ubst
CO”Q%V& TeCevNg ﬂé'%?ﬁee%m’e’b CO4Ng SYdaehnd ?P\’l‘?’l‘?@tfs%"?ﬁ%%% an eliptical
surf%z%’ RF‘ ?\ﬁrflg: EBHF < belﬁﬁapgdgﬂf)@?(to&m’o;t%rﬁ@k Cﬁét@ﬂﬁﬂch@é regions and

conv&x:#wmnsal ruggedness and optical transparency at
sel ected wavel engths. In sone enbodi nents, optical

0243 - ptRalbrsts e ot s presed Eivgnin WW@@E«S@E&S‘%%@ of more
encé’@éﬂlé‘lﬁmgﬂé@é?sr ﬁﬁa‘ﬁzﬁﬁa{b SFs”Péi‘nWhhﬁgVe?é‘rfﬁcg@%F%g@%‘hﬁd/or bonding

I'n sone enbodi ment, opt syste

IayermvEncapsulatmg)lalyeeqodammluhg layears quianariziog lajeesonvering layers or
nbl ed and integr V|ce subst

at
bonGRGTAFrS Tady Bepleviged pBdpp P! PrRtaie SEmIcnduClos s lerments or other
I r
deviEE oRfOTIEATS (PbRVERTBIATICH etiitical i drdbuagedness.
Encapsulatihg tayers rarminatingdayersaplapatiziag dpzarsncoveningtiayers or bonding
avoRS SR oL W S5Ot S B30 s By S P
elecﬁmx%%%ﬁf 5ew8@bbﬁf{1‘ﬂon§¥n?§ 50 stefic Jhréz‘s &rtﬁﬁ ??ésent optical
i nvention conprise prin |'e sem conductor e
systease nbheapsatatingriagersalaauinating layeds \cogerisg Iasﬂarsatmananzmg layers,
[ a contoured_re?e|V|nggsurface such

hayi n
or beRgpg aVars caaY FomPLss faxess ofdenesitecinateiahsrin Foated layers and/or
I
molgﬁ‘gﬁgbgélhg\ﬁ%%ﬁg&én%yéﬁ ldg{r‘n]itnggbg %Veﬁé‘%v%hn%‘fééfé% | Blnarizing
layerssgonbending layers axe peeferabdy af l@asq pamallycaptleauyttsanspafent for some
furt r cO

optics] SyBleis fe gPPEGRCES dftie piesaTt ineayens Uselihansapfigatig layers,
Iamlhﬁﬁa%%de@vrﬂén%l %%y@?"g/&"\/eﬁﬁ géy)égs laﬁW%fr%ondmlg Yers may

Enc I"at'i ng m nat | l'ayers, plana

compaige o1 mcmere p@yimeysrcsanupoéﬁerpblyrgetsayrmtalsnﬂ;elén&nc matenals epoxy
conduct or, el enent s, or

i ded bl
matBfigle,o GEORUETBh RGBS 1§ BN Srou IS eRh L IraRle, EBTaendor
elen§érﬁ§ drd %né?é or 6ﬂmﬁgﬁﬁﬁm%é%wwhg%%%ce via one or more of

mnating [ayers, plana ayers erin
the mllowmgj i(gold welding the semiconductor elements to the recelvmg surface via a

metal layer provided between the printable semiconductor elements and the receiving
layer; (ii) provided via an adhesive layer provided between the printable semiconductor
elements and the receiving layer; or (iii) provided by a lamination, encapsulation or
planarizing layer provided on top of the printable semiconductor elements and the
receiving layer. If the adhesive layer is metal, this layer can also serve to establish
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| ayers may be provided in a configuration so as to
mechani cally, optically and/or electrically
WO pa08n¢wphect devi ce conmponents and struct ur esPOF/UB1907/022959
elecm@é Ganta@pto thel printableraemicondiycior elemedt dagieg printing-based
natd ers, covering layers, planarizing
ass?rg B\?e ﬁ@l ng |ayers may conprise |ayers of
dep03| ted materi al, spin coated | ayers and/or nol ded
[028]2Y & §om6ﬂ§rﬁ9§<§ih€§dt§‘§hé% A)‘bsnlo*'f\”ér\tﬁledT&e%ég af encapsulating,
covering layers, planarizi 'ayers, or bon | ayers
laminating peplarmnzmgalayeraaaelqmed sad:rh thad phé peihtaple semlconductor

*eleo A BT 8 piflec PaTiePBRUSIBE AFYiBe € ABE e RER g gy s

asseRBiedh B%évir%e?%str%'té‘ﬁ?é biacBE nedY 8F 8n tﬁé’H@ﬁtrngmbéﬂﬁﬁuéal plane.

and/ or bondi ayers nmy conprise one or nore
In apcanybmilmencdopemmplemn 9neapsulatmgad>rslarmmilngdayerus provided on top
t t I ner, nmat eri al In

of o35 rERISRATRIADIS e atIo SRR (PN ErRG RS Wating Or
Iamgﬁpﬁg ﬁﬁ%%f%“&?sﬁgﬁﬁ %gpatﬁﬁﬂn%% %@rﬁ\%a?]g&ﬁi I‘f'o'f‘ 91% device substrate.
In thesleddmbodimertg matchihgcthererslapselating Mdlmdameta%mglla]@r composition
anddhickess EnierNGbHA0DhoInE HEMcS STl aBulie I egprintable

ser @i floedrdimSh ¥ edihnd s e AR Hiodratiy B, Hbrmatvel. e

thlckmssl anm\yang’ermodulué of the @mcapsdtdingyaral/driaimiadtingniayer may be
sul ati o nar|2|n | ayer provided on top of
sel QC &feﬁp t %@%’F@QWGP dvgreslesnems f@ﬂ@'”gé‘@@f&h% geutral

meél‘féYwﬁfal |dnet hﬁnﬁﬂb&rﬁ?}’;gﬁ% l%g@{eréls@gﬁﬁﬂ{odst%(f \ﬁ?fébe{iﬁ'&tnes

rve to estab conta
whepemrprmbalmlesemlcmdlmmmleMeatsarHsnthnemgthpmeunnahgwd@aaarztal plane of

ssembly and | ntegration. 025 I n_sonme enbodi nents
the aﬁ\sce&rﬁ@éﬁtrﬁwraﬁ@serﬁ'e'mﬁ tssa @rmm&e@a@gmg&en@ng or deformation.

Thid SRESY piheGhRYaIE hd KR gl B AERS el minmizn
delamelmanmm duother dégradatnaofdhe dedieei result fropobemding induced strain.

assenbl ed on a devi ce substrate are placed near or on
he neutr al hanlcal enbodi nent

e. In nh
[026], o 4, Bem £raRe H&ﬂt%tqméa SVtems o th %erqsggﬂérnvragtlon provide light
em:ﬁi’ng‘r@éﬁi%gl 14178, ﬂﬁltﬁﬁh:rﬂ?ﬁ Ret F’rglt&ﬁ ?@'a% ﬁ%&ﬂgﬁlﬁ@ Sstems, arrays

ere| n ncapsul ating’or | am na

of Ilgratyemltﬂrmgsdnades,rmmays ofosemicdntbitok lasess &.gi, VOSELs); pagsive matrix
rate. I.n these nment s

LE%&'@E‘EPH&!;‘? 5'939 P .aﬁ%mﬂta Lﬁﬁﬁs?'ﬁatamgl%@morgamc light
emlgi?t Sdd) Bgépﬁ;g FiHch Séﬁorﬂb{&ﬁé&%aﬂ?ﬁi%%# éir',aaﬁat?;anbh&lsplays. In

ce sub té resu I'n
sonteeembodmm’(tsropﬁloahsystemse:ﬂ!tﬂe peesesinvieméion pudvide light sensing

opiG Srater e s RAG atticaESaom S0f senig aiave Monbi AsRarS)

e 115 G5 €8 ok I frmons
optlmicSyata nes.bf meapresenhnaelmmn pidef oticat sgstems previdodgsboth I|ght
emng(L ing and I ?‘ﬁ s%ﬁ(sjlrr% functlonallty such as sheet scanners. Optical systems of the
present invention include energy conversion and storage systems including photovoltaic
devices, device arrays and systems including solar cell arrays. In some embodiments,
optical systems of the present invention comprise a plurality of one or more LEDs,
photovoltaic cells, semiconductor lasers, photodiodes, and electro-optical elements

having at least two physical dimensions (e.g., length, width, diameter or thickness) less
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wherei n printable sem conductor el enents reside near
the neutral nechanical plane of the device is that
W@ 2008/148685 t hese el enents are mnimzed duri ngPGEONAT022959
than @00dweicoomsat incan emipodinentafarpxample,tha pyesentsnverition provides an

e e T
least tWpRAEH Gﬁnéﬁ‘géﬁ§?e.§.t, Ehdth, WS didMeB& Bt thickness) less than 200

enbodi'nments, optical Systens of the present iInvention
micrensvindandthgheméodinéntgforexamygle, dhe peesentimendion pgovides an optical

not limted to, ady d lighting, systens, arrays of .
SYSt4TT GOMRIINTD AR Gria B CED S IS INAALIHE R dndlie. AsRY s & thickness

_ L . . B "y

lss {faria midfonsy B pRETEFOIG fdFoe: apliaiohd feestiiah f fiferon.

(inorganic light emtting diode) displays, .
[027}acrina@netiier@spect]itise pegsetiéinveation pravidésa npethed for making an

. displays. In sone enpodinents, optical systens gf the .

optlcgk sysig gqm@mﬁlpgﬁh%gmd&}e pqod@ngg vieg tralg having a receiving
surtges SRR SCeHiBIfG oy ARl PRREBIEsEHiaRBUCRT offm &S on the
receivangssurtacenof the rsaibstrate via cohtacs printirgriveitk reeméach ofpthieqaintable

systens of the present inventiagn provide optical
semigpBgurier ﬁ(ewrras GeMpSER 3 SeCoBAElr Siiusiuee Ihaying a length selected

from%ﬁ@?&ﬁ% Bff" rﬁf%é@f‘ﬁ’n'iliih\étesrg ¢ Osﬁﬂ%efe?%”é‘ idth SSRIdtER trom the

syste of the present Invention I nclude energy

range @ive.080» mitintete tsotoad 600 ysitlievete rsraridid ithigkmdast seledtedifom the
devjce arrays and systens includjng sol ar

devi a J .
rangg & 0.0PPaY snlimeteisie’ 3 plimetEr: In apembadingnl; Hecrintable
somHgBEE 8B 5 RSP S SRolekl Yeathld gl 2P seecta
frompthe ranige de ©.02nllirletersrto - 3@ millimeteise anrd aswidéy selgeked from the
t wo_physi cal di nensions (e, | ength, w dt

| east B e, g., it h,
’angeioén%pgrmﬂm@tﬁf%m’l@Qﬂ'lll@g@fﬁﬁef@@@“ :f‘érrm? appligations a length
sele@BAMYTRY ra @%’ ofeéqnﬂ?llilﬁwefé?g @' £rflhetdtY &RY 'aCWidtr} selected from the

provides an optical system conprising ah array o
rangecdfa(D.mallllrﬁera]teMmr Iei m_im'meie_r,cmiel‘erbblytfbelsonnleagt?dia;atéca':]s alength
SeleqiBaHAT G G0 et SSUTHHBEIa, K Filline arscatma Wikih sélected from the
rang@Hit f‘g{illiﬁ{gf&dﬂo”? trpillfn?ét{e@f AFPAPembBRinRE RS Y prjirﬂé@%té'e%‘iconductor

provi des an optical system conprising an’array o
elemeRbsompiises arserricondidior stridtareahaving hehicanéss séloeted from the

|l ess_than 3. mcrons, and preferably for sone o
rangg, g 0.0803 wymetess 1ohr3 milimetass, Pieterably far semeraaplications a
thickﬁ§E§ %Etedé?ﬂr@!’n%? %ngc?\’)f* .60 nfifiMEtEs 3o %.Gﬁtrﬂﬁﬁlzétglzs. In an

maki ng an optical systemconprising the steps. (I

embpdinent] the Erirdablecsensiobnducideelbment gomprisesiavsemiiconductor structure
.surface: and (ii) assenbling one or nore printable

havigg Ailgsth.AelaStew b IecTDgedteT O BanomAlSTs i fIACD Bicrons a width

sele&HBSrHr@'ﬂ’?e Vdriec@ny ﬁﬁhaﬂbhﬂzttél%% YH5 FictoR@ERdY tHidKhess selected
printa enBnts conprise &

['e” sem conductor e

fromsheiranges of t1Qr naioneters © H@00maicrorisengt h sel ected from
the range of 0.0001 mllimeters to 1000 mllinmeters, a
0.0001 mlIlineters to

1028 00038 GariR IR BRI SR LT PRRPtal g prasent hvention
include dry transfer contact printing, microcontact or nanocontact printing, microtransfer
or nanotransfer printing and self assembly assisted printing. Optionally, methods of the
present invention employ contact printing as implemented using a conformable transfer
device, such as an elastomeric transfer device (e.g., elastomeric stamp, composite

stamp or layer). Optionally, a plurality of printable semiconductor elements are
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range of 0.00001 mllineters to 3 millinmeters. In an
enbodi nent, the printable sem conductor el enent
W@u9pnixes a sem conductor structure having a PENYs007/022959
assejabiesh onither eeeiving suifage offthe. an@stfate ifereexanaple dn adense or spares

confiisheF: Fierali eodh ik 25bed ' RERISAL BRERBh rorner
corr%)@u?@ %ﬁ@ Btepratt ;br@ﬁétté‘rdlrﬁb"‘ﬂfehdéﬁé@§u@§refté wnﬁéwe baﬁﬁﬁe atevnce

linmeters to limeter, and a w dth sel ected
compopentsh eOptam@ailyomemhqdmoﬁ thisraspact of thelpreiset ineertign further

comfirh 0 StaRunigrodi ARF or Fkrebtied) ceihamiaat PGS and
onﬁm‘Mléét'ibrﬁSJ Sﬁﬁc%q’ rédué&ﬂ% d??wftﬁm@Pﬁﬁtablé%éhlgz%Hﬁéto? Rlekients. Ina
lTmeters. In an embodi ment e printable

methednoé thelpresent imvention, the ppintatde semscoriductodelérment comprises a
i ckness selected, fromthe ra

unitgfy ISR AePIREREIoE SEoErS (hia MetceLResrBreAtIBTNtion, the

prmﬁégl]% é@@fccﬁﬂ%&cﬁ%l?rﬁlﬂﬁte ot @h%é@%%ﬁ'@’@ Eﬁ/éi:ﬂﬁhé‘e éé’tméo%uctor material.

enbodi ment, the printable sem conductor el enent
[02%)onpOiptienally, seethods dfi theopresentioventorh imclute thel steyy bhproviding a
100 nanoneters to 1

Iamsmglgﬁé del’faél\?ﬁ %QS%E ;@S&QQI ¢lagtomey ay%[r@btqpfoflqjgeaostaportion of the

t
priRA5SEichel il iy B Beniad e Gh3ATR SHREL By supsrte
OptidsmaﬂyJ,I methodsaf tie presend invention snaksed the steptdfiptaresizingt at least a
porfin SRerATs seBiEalar G sser b s h focbiing surtace o
e USSR Bhaly, RROESAS et RBNBR AR g steps of: 0
prmpdmgeanplanauang|Iayeretumlhe)yeammngsurface andr(g) erabedding at least a

nte sin conf ormabl e traps r devi ce, sugh . ‘
ol of g PrEtanle et CoridibiSr dladentin B8 g Wik Gter. Optionally,
metﬁf>uIr B I"tfe&%gém |Iﬁ\r4§ﬁ elnggxge?gﬁ (?t%p 9°bé rg%’mné'?‘or more electrical
conmmmm oontabtepacm:er viheg ekaa:tricmt mtefcohhect structures on at least

sybstragte, .fo exa le in a dense or spares
aprﬁﬂ’F P&ﬁ}eafPfi"bt n@ﬁaﬂwm RIEMRIIS: of this aspect of

t he present |nvent|on further conprlse the step of

[03(?]]r eRAth6AS b thid BSp é’%‘éﬂf?ﬁe gﬁ%ﬁhi ddmpH¥ehe step of

evi ce conmponents. tion ods o t hi's "aspect
assembting apdémmntegratmgruneoor more Iaddntnonalpdewma_ tdmapetnemtsmfnto the

devBg aislrath, RUEN &5 QRicLEMpEReS, SREEANKCORRENtS andlor electro-
opﬂ@él'd&‘i%&rférﬁ@”h%&%ﬁﬁé’én&)o‘?'ﬁ Patln hRitiBiidl 8eviek ctoﬁ@)onents in the

present 1 nvention, the pri nta m con uctor ele
presantpnetbeds ean |h>|et|mp}ememeglan mnﬂnmtcmnﬁﬂh adarget nurober ef other
rintabl e

fabr PR RS éﬁﬂwﬁbeéﬁ%t"@ﬁg%@at'% ng'ﬂaepéﬁ%@ﬁ?wwe(e g., optical

b Gt Plepb T MG (Bl CY M AALD, e,
laselr atviatoni p&gtelralylgr madding techriques @ergzr replicalmgsidingyr spimgeating, self
assgr%b}y? %og{ac%ri}mt?r?gs,tan% go%t‘ionogm?tfmg hIn some embodiments, other
processing techniques, such as plasma treatment, etching, metallization and cold
welding are used to generate, assemble or integrate device components, including

printable semiconductor elements.
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printabl e sem conductor el enents assenbl ed on the
recei ving surface of the substrate. Optionally,
worewhod®w3nf the present invention include the BCEES07/022959
[03Y| alnan smipdiment 4ek exarpple; Beomfzinatian ok opticablitbography and

dend§iih ST s e et el e flaiPo SURstAEGAs A9 pp atter printing-
bas@d a88rhbiyfens Ipﬁntam@béﬁﬁcdﬁ&cfdr%wémeﬁts (Ih)an%"tﬁé/r'éih iment, for

a planari'’zing l'ayer to the receiving surface and (i1
examphs deplicg @plding st usedior generatef optical ponnpoaemte such as a lens array

or oFfiSeEmaich B SuStRtishtly RakBindebff piflalie sMicendygtor elements
via édiftaét it g A B EHE IS B nfint, TBF Sxé‘rhﬁgei Ehﬁt’ﬁble sechonductor

contacts, €&l ectrodes, contact pads or er electrica
elememterprowdedtonsa demcel rsebstnateaareleéemncailymmmeoted)tb eleetrodes and

o B S LY e TR e 5 S5 gton o ptca
|Ith0§|f’§)fﬁ1 &M BEpasifi dH?\Q%nent@énbtﬂb?@hﬂidgeﬂl\ile@tg?orchaﬁpdlé an optical

ti onal device co s onto t
systeubsmmpﬂsnngsammltﬂaye;rminmm rec® gpnemhed; by e¢pedted tiansfer and

assSREBi PR BrateBle Sermionautios Rms RIS oN Geihia i transistors,
LECE SRR A0 158 H KBl 069y 1 SRS o
substadte] oahmnailytlecbmbmamn wmlm ldditiopal protessing icamddeoutivia spin

coagraé P @@raggﬁ%%q%ﬁgﬁmgmﬁ& Lﬁfe%{;glglr S atueg;ggdnmnal device
cont%\eé'aﬁrq@agugﬁ%g e)lect nt@mo‘?\?\}eg{é B?ﬁéﬁ(/é‘n 3 gsd{f?@ﬂ%dii%n layers,

optieeslmmh;bqnemsahd@ncapsmatlmor plathasizingtlayersprinting. In
sone enbodi nents, other processing techniques, such as

03}, "ﬁatei?e%of t 1B GoniBR £ g aseddinutBer Cormatses we step of
prmﬂ@ﬁ nts gf?%ﬁ”oal icB rgéb‘ﬁgﬂ% iRrdpt ?:Qpécﬁ'n dé%glb‘?b%cal

n an e I ment, for ex
registoatioo mwith cblne pfintailé samidandotpr @ﬁﬂmemlsdfaﬂmampie optical components

selegficbfofhg orane Gonpsting hoallegsnd Splice ifiusing Retics, Sispersive
{
optiés, %@ﬁLﬁQég g?oefe}x tﬁére’ﬂrfglgﬁgégaprg Ard R I:i‘gr'éh)f§ diffysers, reflectors,

Bragga re;ﬂwtwsoand opticalmmatings (e.g., sefidctive o -alnags oaantireflective coatings).
ich are sub uentl attern

For srmo @Wﬂﬁ Ob i Pre3eNE I RBHeR MAY-ORtiGHE xtncw$%merﬁep of
prox}ld‘i %‘3 Ay SW%BF@OE%&‘%Q%?%SI’ c&ﬁn’n%ﬂ:%ﬁn or optical registration

ements provi evi ce subst

wﬂhaatéemtapmntloaldfyhe: pnnmuedemmoabecbr ettasentsd In some embodiments,
electrical i n:fgrconnects tterR/e i)n t he device

an agigat AhRoRRTLR) the agayiis itdidudly addressad 1o eagtyeidpeprintable
sen@é}éﬁ%ﬁ%}%ﬁﬂnggﬁ ?g@g@%tﬁ@cmeﬂggﬁglﬁﬁ%ﬁﬁgheggﬁn@?bﬂﬁﬁﬁcal EBMmponents is
fabrmamd:warreplusa mehding} ernteyn ttmommtabletsemnsbaducaodelements are

e sem on UCt or elenents

ass%ﬁgﬁgéx aieq lfsqngﬁ Slp% agray o optical components via'contact
printing.

[033] In an embodiment, a method of the present invention further comprises
providing one or more electrodes in electrical contact with the printable semiconductor
elements provided on the device substrate. In an embodiment electrodes are defined
and integrated into optical systems using a combination of optical lithographic patterning
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LEDs, sem conductor |asers and/or photovoltaic
devices, printed on the device substrate, optionally
WO poogasdsBhat i on wi th addi tional processing carPCEUSHOT/022959
and geposiiPn teeiqurp (adgpdiarmabdepasition, chemical vapor deposition or

pysiREPS BbPARIHE R Adkhieh SB0Tichh LBLFHIEK hfassemble and

mter'cBhﬁé@t@ﬂWﬁﬂ't Geviee18RNYeNtS ARIgSprirtidg. nat i on | ayers,
opti cal conponents and encapsul ati on or planar|2|ng

| ayers. éﬁQ In an enmbodi nrent, the method of this
[034]s pMﬂthcv ohibe preagnt |@\é@1ttqﬁbar§tu§@fldffoppmwdlmg19pb¢a§ systems on

arof Beasch! 4 el iRARRRREGDt h LRBlrafE ncl B BoAfidfaisehy for making
|arg€|aﬁ'§'9r8pilcaf Wst&h@“ﬁlﬁaﬁlété&ﬁkoﬁ&ﬁ&@ﬂéléh%rﬁ@'a?&?ﬁﬂndé@&h an area

he group consisting of ' ecting optlcs fusin
of thmteceymgjsutp&tme selested ower thetrange of i@5 m°dod1@metges®, and

prefs@%%&roaobee”%?sbc%’t%e??sé@?cﬁqc&é‘vee&ﬁﬁeaarﬁééfsr‘soc@im 4gs! meters?
reflective coatings or antireflective

[035]03H éﬂ@nb&&heﬁ%@ﬁ@g?ﬁsﬁh@%dﬁ riHe? cBRfTRBlthe steCP of providing

I'nvention may opti onal ude t e step of provi
an aaiheawealgye;rftodbe recgiviog rspoface tpsior to thet asseimbling step. Adhesnve
on Wwi.th

layef A GreTa e BepsattdbientoBHpEbarBs dr Stietnisn affiXing Printable
senﬁﬁiﬂu@fﬁ?%rﬁ@ﬁfs%ncﬁ&thg%b%b et ﬁ&%tthé’freéé]@ipgrshﬁlécé of the

i ndi vidual 'y address to each of the printab
substeatec Mﬁhﬁultaﬂheslveriamrs in¢lnde b&qbeoe fiotlimitéd tb amebr mdre metal

layefbE¥ ROVTTRRURTs. SRR dinents B rEReRtmetads e ccomprise
the §t(e cﬁiﬁ@ﬂatlgda Riafi edlé(hé&lﬁg‘bf éﬁ@aﬁulétF&@?é@dn fHe printable

onents VI cont act pri nt
senmmwmmmjemantset hanhingting, planaciziagt ori enoapsmahng uaydns are useful in

the BRS8N} FElnodoivr 3k et BrrBie ShEFnsulBing SblaribAing prntable
sem%@{agmo? &érﬁéh&%@athbh%|éiﬁé!¢t§%r§mesrg&éwﬁg éu?fa%g. .
enb into

i ment el ectrodes are defined and I ntéegrate
opti cal systens using a conbination of optical
[036]i t Rpgioaphy,dhe metbodioh mnre@epbmvenbmn furthtenicqogsises the steps of:
nma deé)om ti,0

. . . he
() pisRiding ahd BTEmst e BIEgBLrEPE ARTe ) geberaina R g aiffof printable
semidRIUCRIRFeMEAtSTPSIATRE %eﬁi”@bdd“dcﬁfr%@?cdrﬁp%ﬂ’)‘ﬁa‘hsfernn% the plurality

devi ces el enents using printing ods of
of printablensemicosducion elaneents dfom theowaferdo nm receiving sttface via contact

ST i S50 eF SO UL oot o
rece%ﬁ@)éuﬁﬁ&é oRtheSyistithe. Hhﬁbﬁ?ﬁdﬂn’ﬁ@m G BHEAN of grintable

el erents are provided on an area of the recel
semigansiuctar eleoentst aré aﬁsembieréonaln@eeaﬁivmg @trfate pbthkosubstrate and on

the &%@ﬁ/ﬁl’%@Uf?ﬁ@{O c];nee{agg oag%o nﬁé"l@%@@ Ig@']%sf?lﬁethﬁ % L?rglity of
pnnfgﬂe@g%@gngvlbigf ﬁlg&rﬁéﬁt%taﬁﬁhmé@ ohYhé Eﬁﬁst?é%ﬂE cbafprisBs at least 5%
to 50% by mass of the semiconductor wafer. This aspect of the present invention is
beneficial because it provides for very efficient use of the semiconductor wafer starting
material resulting in low cost fabrication of optical systems. In some embodiments, the
“plurality of printable semiconductor elements assembled on the substrates” may
comprise a very low fraction (< about 5% by mass or area) of the final, device substrate.

In other words, the printed systems may exhibit a low fill-factor of the semiconductor.
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an adhesive layer to the receiving surface prior to
the assenbling step. Adhesive | ayers are useful in the
W@ewsa#te3s nvention for bondi ng or otherw se af PERUSW07/022959
The @dvantagecofsrlometilh tagterds thatdhkagquireaacssroalhamotist ptgemiconductor

I ts .tqQ . the receiving surface of the substrate
matgfial; Whichihdasscastils EXPHERNA SR PLALE S BRSIF iRiRGRIIA!S large areas
of fiRfled&VicdBUBsti@kdd). | ayers or a polyner layers. In an
enbodi nent, the present methods further conprise the
step of providing a | am nating, planarizing or
[037n c alssanathengmbadimentnthengregenhinuentiors preivistesca oredinod of making a
I . Lam nat i I rizing,or .encapsyl ati. .
semjeyaetor nasflarical st Huisine i sigas o gb Atpvipthasan optical
com@éhbhﬂhé\)ﬂn?’ ARaHGEINAl Siia ahd Bh el sﬂﬁhﬁé?@é Eroviding a
sem conductor elenents and ot her el enents on e
electriaadly wondueting giid or fraEsb] orOitel intexhalysurtdece ofdhé ogticdl comeponent; (i)
, i, i f h i he, f. (i .
proVBiB3 AL ICS S bsHERS VR FEbR SETRC g ASSEmpjing & lurality of
prin%@f@éé‘ﬁﬁ dubfrRiéthéhision e @Eéﬂb@glﬁ‘fa%%rﬂfﬁg %H?Eﬁ’éte via contact
el enents fromthe sem conductor er; and (Iil
printing;netierein each okthel prirdable \seaficandudtercélemeets camprise arunitary
. | ements fromth fer to the receivin urface via
inorgaple SeMmigRRdHGIofStydluee BViRg RO BElPREdIam 414 fandsrof 0.0001
mili{ehHe8! FOOF FIRRRANS; 8 1nibth3EG S Hbrh B FoFfGR| of 02001 millmeters
to 1000rralllirhgtens apd iam&ikhesseeiecwwmhdheehlegmbt 9.60601 millimeters to
o SRR g e i SR S5 omeai R O S mesh o te
subBfiler WRB R IO Bp e SPmAtRRF I hd-ArRid Grfidp &f e semiconductor
elemsertstasaemblecbaptie on tiae récsidng SUsface 60 thebsubstrate, fnd Wherein the -

arid Rl GrPTPUde Retvep e aBiAR compopedt ake a semironguctor
eleneréﬁtb.c!lﬁlﬁh éﬂﬁﬁ?&heﬁﬁﬁhé ‘?Jﬁn%ﬂ?é’t%#rg%oﬁ’éﬁfc?dr éérﬁ%h{ gk?rpggfes a

material resulting in 'ow cos rication of o '
semigmtdector stuchoehawirigpalleregth selectes ftpinuthalrange of 0.02 millimeters to

s0 B3 0 e TR A o ST RS oS
i, BRAe ity S o860 L erit OB BHTRIA TR e of 0.

millirdtérsftact omilliofetehandearvidih deldcted ffom thewangeoé @i maillimeters to 1

~lowfill factor is that_ it requires a small amunt of
milligigier, Srefatatly 1Grs081¢ APPIGRORR & ANgtseloqad dom the range of 1

riERGESOD AllAsRrS 58 A oo PRI Rkl Rifitter o 10

milligrebensi rteran, erhbediprer ethie prhuwiaisemimrmuw@selammt bompotesa -

serR TR P e D bargner 00080

milliReY r%%a@ﬂﬁﬁﬂlﬁﬁ&%'r ,?Eféi‘&ﬁlﬁ&ds@rﬂ%'a@@)ﬁéélﬁins%lfﬁi@&%ss selected
(1) providing a eléectricalfly conducting grid or nesh

fromothhet raege rof €0.082 msillinfeters tof Otd&emdirmeteas. toapeneyddiment, the

0 i di devi bstrate. havj a receivin
printggllelf % fc%\(/w:dylj:{éi e}\/q! (?;Snﬁr?iﬁsqé gp%@gpav ctor structure ¥1aV|gng a length
selected from the range of 100 nanometers to 1000 microns, a width selected from the

_range of 100 nanometers to 1000 microns and a thickness selected from the range of

10 nanometers to 1000 microns.

[038] Ina method of the present invention, the printable semiconductor element
comprises a unitary inorganic semiconductor structure. In a method of the present
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printabl e sem conductor el enents on the receiving

surface of the substrate via contact printing; wherein
~We2wR/1¢¥633 he printabl e sem conductor el ements POWEB108%022959
inveatign; therprintatdle gemieordusdtersglamend compriges arsinglacryajaltine

| se ed fromthe range of 0.0001 mllineters
Se”‘ﬂ‘g&%@frﬁﬁ%}' ters, a wdth selected fromthe range

of 0.0001 mllinmeters to 1000 mllineters and a

t hi ckness selected fromthe range of 0.00001

mllinmeters to 3 mllineters; and (v) transferring the
optical conponent having the grid or nesh to the

substrate, wh&RIER PESCHIPTIAN QEHn BRAWINGSsi ti oned
oag)) FE PerbVfeRct SaMBRE Sfodng St SRR aravidfe bifne present
invenfiénd Wsdsriﬂwﬁfﬁﬁﬂﬂigh% Pr g ;S’régerlﬂ%g?gfbﬁ povRIs! £alimber of classes of

conmponent and thé sem conduct or nments. In an
optieatinystares andtrelatgs methadscofsvakingrtbiesa systemspinciuding systems for
. .conprises _a,sem conduct structure having a.length .
ign el pRg YRR ot JoRbhdneB G PP raiky e Brdanic
optdBlédtidra syéten@rwiu@mgﬁate@sbﬁéal REnigor@hid i regR%S. of
0.02 millineters to 30 mllinmeters, preferably for
sonme applications a length selected fromthe range of
[040]. 1 Fig.|12 AnEtprovides scheiniatic diagramsaofdpiical sisterssiod thepresent
. fromthe range.of 0.1 mllineters to 1 mllineter .
inveghBRaP At HREPISBRE SRPicPRHUTOR e ey FIOWE I St a printed LED
array"viAfR infégrafittSptital diffiskl.| PRIPE B! sholts aMASERRERS orfd dilicon chip
a wdth selected fromthe range of 1 mllimeter to 10
withnintegratedeoptical fibars. digurdi 2@ shows lacpnnted phabtavoltaic array with
.. sen conduct 0 | emept coppri.ses a seni cqonduct or -
inteG ATt d PR Blpflgre: iR PRl & BB ByP pdSprseymprising a
prinfd Sh&t8aDdeE drtdy s ﬁrc%llb@tir% engl IFiguvat st $hoWs & el S¥anner having
for sone applications a thickness selected fromthe :
both ighjesenising @udlightlgenesatiarsfunctiondlity and Icomgrisirg a printed array LED

enbodi.nent . the I nt abl e senj copductor .el enen
and ghlodiode compgneBls s ricoraled colloion apiicg PPYIdsreR a polymer or
othérabR ot shibsiratehe range of 100 nanoneters to 1000

mcrons, a width selected fromthe range of 100

nanoneters to 1000 microns and a thickness sel ected
[041]r ofnig. Reprcxitps aprovesa dlovnschematicofor tufabirication of 4 gjle pixel

elert@nbior e ThorbBRiri R B thal D ke flnBiaspadiGvention.
sem conductor structure. In a method of the '
[042) eFRyt4 provitidsod schdifafi iINERBliGh GRITIE @BQI@?bPé pRinBERA¢tive matrix

conprises a single crystalline sem conductor naterial.
LEDhdisplaymrsariass sotystirter HEherisplayGshgwis gpmipriges 100 pixels and is an

apoff a1 180 SRRlAY TR MR =BR g A T Eliens; EEREiments, gate
line ) &rfoRiel lingdvatt 44 1iMe8\of 46s davibe e inditatel & FRiurdl.
optical systens and rel ated nmethods of making these

systemns, including systens for
[043] Fig. 5 provides photographs (Figure 5A) and operating current-voltage

characteristics (Figure 5B) of a single pixel of an active matrix LED display on a
(transparent) glass substrate. As shown in Figure 5A the single pixel of an active matrix
LED display comprises a printed TFT structure, a LED structure, gate electrode and
electrical interconnects. Figure 5B provides a plot of current (A) verses drive bias (V) for
the single pixel of an active matrix LED display. !
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| i ght generation and systenms for |ight harvesting
conprising printed inorganic optoel ectronic systens
WawaR/143e8%gr at ed optical conponents in regist r%CT/ 82007/022959
[044}; gFig 6Aprcal|@es>ph@@gr@me¢faa B4 pinedgetivas mattrixokDedisplay on a

(rar et affsssibsftaiort o: R fiass A HBhaRRRDe A $4hRgkSarial LED
drspPeW @%té‘ rtn|is§|r|i§ 50 @rﬂﬂct@PébrﬁPhsrﬂgﬁf Wfranﬁhﬁ% Pnﬁ%d on to the

VCSEL array on a silicon chip rated
devrcptsubatrater and LEDS gwfmaﬁy:plawdmmtmrsuhsuatqa hlcmt tbedetvmecshown in

FiowBh AP s are FrSLHER 38 ped ik Bpfc i BEL Pigyides Ainfofgrash of a
prrn@@ér%@ﬁﬂ%ﬂﬁ%t&ﬂrgﬁa?@o{:%ﬁ h|ne en"ﬂn@Zfﬁ rﬁ@\ < (R¥Rt operation.

a sheet scanner havi'ng srng
Flgtgerﬁé} atovrﬂes‘arpbotagnmh oﬁltvmrprxetsnthnmmam by mxlacnln@d transparent
é 5 ia hot odi ode co g_ s and integrated
comg(r)cprp EedR RleSH aé§°Bﬁ9¢/?%‘6‘sb e e%é?ymsr or other |ow

cost substrate. [041] Fig. 3 provides a process flow

[04%‘”‘?7@7‘ K pididdds Pfcg,télrs‘scfﬁw Q(fhe‘?ﬁa f%ir R rb?r'céﬁ@bof a single pixel

a prin nor gani c ac Ive nma
elerderstpcbfaa/pmﬂtedhmrgaaw&sswwmatmdrED[dMﬂay Fig. 4
provr des a schematic illustration (not to scale) of a

04, 16 HEE SlonetR pacess TRutscasmic G 2sthbbRing slactipal contact by
conip?eéaé,?oﬁepé‘t?dgr@!%[ﬁjsyraiél/| lyg[;h display. Thin film

transi stor el enen LED el enents, gate |ines,
anode lines and data lines of the device are indicated .
[047]n Figy & providescat Sthatnatic BupirationdGot phecalg) apa prinfedypassive matrix

prinf) igfreh BB Bl fef A I BCis BThE Blspiddriirisases bottom
sub§'tr§t€| akchbde n@mamseﬁh@@tn_ew ars wl%gc ah8 to usaparng

in Figure 5A the S|ngle pi xel trve trix
di spl ay conprises a printed TFT structure, a LED
[04& r fig. & @roydes pbb@@amaaofapasseleé;caddmsed printed inorganic LED

t id | ot of t
sl ERAL bl il oo PO KBTS ol e pivel of an
active matrix LED display. '[044] Fig. 6 provides
[049]h 0%“@;’5&%&1‘%3& Pr‘bdéhé AbwaschievfatiFabF bﬁnﬂﬂ'@ow %&%é‘}igﬁ’trbmrtters

transparent) glass substrate. Fig.
and ecigrapia Qﬁld-wed}ilbphdleg teehnigaeés.LED di spI ay (Note:
m ssing top contacts) conprising 1 nmtransistors

o5 LB e B oAb o kA PRl P A saricoe

and @BId>iwetd BoAdia rré@mql@éi B this ﬂaerrsbdaafcahnd&je ) _l_'Q_@tE’erned with SU-8.
ILE[Brow des a hoto of a printed silicon

Ruchres Bed BlRceR one rt(attﬁarme@swéarce ohibp qaidge A stamp s used f

take wgﬂ'be tﬂﬁ;ﬁsﬁpgﬁvésaémi gpg erS'tn U.%Sf g@yﬂgre; on a substrate

prepdtiedd WithlelEGTEHRS A Qr‘éﬁsfﬂr?ﬁh‘trhg arrhféqmmﬁ Paa@r étSigure 11 shows
the LEDs. [0451 Fig. 7A provides process

an exampteof @ L&D sirueture printed using dis mesthagr e pixel

[051] Fig. 12 provides a schematic of an optical system of the present invention
wherein diffusing optics are integrated with printable LED structures. In this
embodiment, PDMS is molded on rough polystyrene. A comparison of panels (a) and
(b) show the affect of incorporation of a diffuser in this optical system. The diffuser can
be a rough molded PDMS structure. This figure demonstrates that diffusers can
effecﬁvely increase the size of the luminous region.
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elenent of a printed inorganic passive matrix LED
di splay. [046] Fig. 7B provides a process flow
waehsimedeBE for establishing electrical contactP@lUS2007/022959

L0520 i IS RIRViSesa $asTeatiosoidiiusing/opligs COMPUANG rRdipl dgnsity

o 58 R SEIELEBIL YD By s 268 sl femion. 4

showh uS feFiduteSiaptirted L‘EE?S@U(%BP@MnMéta? %SDp@vaéUiﬁ Bptical
substrate, electrode network, printed |ILED, PDWVS | ayer

Conmmrllcatporswbbtar;duallty{ o@pticai geatteringosandess. pfh'be bgttaphpanel in Figure

13 w5505 efa g a Beafro eqRbrECobRnTna el features in a
trankP4f&ht EUBstrat@. provi des a process flow schematic for
printing inorganic light emtters and collectors via

col d-wel d bondi ng techniques. [050] Fig. 11 provides a
[053]r o &g <1 4A providsssamexemplary ppllauerrsguamre gorathedabncatuon of printable

mlcwel{.%@adg\e S qdvyrf ﬁ{g@lq"ﬁglﬁgb ndL y&fgﬁ reacorpgggas 3 series of device
laye¥s, ré#éfnﬁélﬁﬁlaZé% Ph@atHanae Wberpalﬁé@fdﬂJﬁljlagHH W%ﬁe @hilay& structure

cartrid stanp is used to take up t
are showotlrmtlmesbammnm@équagurq 14Ai rfiigt 4B pm&ﬂnieﬁ anu exemptary epilayer

strupfled 168 hticath B RaslE ruitosDF B Somarisgia Qudhtugy el emissive
Iayeﬁ'ﬂ%‘.t E}ggfw[llg%%f structre c%rﬁ#ﬁééér @s@ﬁéé‘bﬁgeﬁ’lﬁioﬂ%?t@gﬁayers provided

Fig. 12 provides a schematic o
betvogen pelladdisg andat-clatidingriagenst Specifict ¢ampoeditiores of each layer in the

epidyeniiohate e provied e Fifb A Rovidaa itte Hisficatipaghe composition
thlcl(r%&h dBBing%]fﬁH feine |or9alﬁ§’ BPAEH ) ﬁ?fr} ﬂ’\%”% F?yé@%tr@(ﬂgre( @r the

show't he ect o |ncorporat| user int
fabrigatiooaf psiptabiermidrioel HDS f rsgirre Hiasmaheemhexmhplecbf a mother

This fi d
wateg omahith pnfiie g oé?%g SORERRE friby s piddped by
phoidnmdgwﬁmy 86 @RcHiNG fyerd 9-thibd w@ghai 38IeRtivel ?é'iﬁb\/ tgqéyer 3bya

fusing optics conprising r density gradien
wet gbamlml ieteh. Fegurer B4 & dlastiatelsqrouiEiBs langtthierexaspie ofra médther wafer

o SRS s Y o AOGHA BoPokosay o
etcHi’lﬁ)é Ief‘y@'rs quﬁpgﬁ&h@ §ﬁb@c£\rﬂel? 5%'\16(/??‘\ :Ié?/er‘li':bg I%tWé?laéhemlcal etch.

scattering centers pan ure 13
shows a cross sectional view of scattering centers
[054]o mfig. slinprovisleisescheawatigraiagriamsaillustaatingatherimpeoteptibe pixilation/high

ceok§iR ot PR BB R e o B s sty Les

As s‘?ﬁ)vﬁhﬁ\"tﬁe'tﬁp bahg bf tﬁl!;rf?uré hfhe%ticﬁb’@istéhrd&ﬁ;bﬁs%s ) a first glass

onprises a series of device l|layers,” sacrificial
coateaiyla'ﬂsoaadbva-flﬂémibemmmenesm taylem (zll)adrmltaysn@mLrEDSBistructures and
r stru

) ST B Sl ErS Sl s S Todhiows e

provided corresponding to the off state and the on state. A magnification of the top view
is also provided showing the positioning of micro LED structures.

[055] Fig. 16 provides schemes for the release of printable light-emitting inorganic
semiconductor micro-elements: micro-LEDs or VCSELs. Scheme 1 describes the
release of such elements by encapsulating them in a polymer, e.g. photoresist, and
releasing them from the wafer on which they were grown by selectively etching an
AlLGai.As (x>about 70%) sacrificial layer using hydrofluoric acid. Scheme 2 describes
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structure for the fabrication of printable mcro-LEDs
conpri sing quantum wel | em ssive |ayers. The epilayer
wareaassse conprises a series of sem conduct or PCEHYE2087/022959
rele@ﬁe)by eadapsitlaingthent inna ¢ontpranadidielenteei (a. ggsulmnsmbnde) and

rele @i e dF BV el s ipfy ol ofiEing e ABaHE g Slehing the
omdizré@' rﬁéférfag ubing a”d?)é@%'do'té’sf&urhfﬁ GKﬂ@d@ S@ﬁ@m@% @8stribes release by

functional ity of each layer in Yohe epi layer structure
encapsulating theor ivithta miymfer,m gnplamibeesnstcfodiowedsby S‘elgo;twe etching of a
e of a nother

buriéﬁ%%?%{{fﬁt %@%ﬁﬁag%ﬁgwgwsawm of Gl agd 87l hydrogen

; u li
perd |c?=,g.ug f and S ec%@w{%ég\%ngﬁ ISitk %ﬁﬁ@ Ilghpemlttmg element

froncthenditiel acid-basedrietphant. 14E i | | ustrates provi des anot her
exanpl e of a nother wafer from which printable n-on-p

[0563a Aias 3:? r@r%qsagéra;nsa qbrﬁ@ ré%%gggﬂg%scﬁg&t@% i}bgvgtﬁﬁé) P%rication of
inte r%mgé‘lﬁr ké EBIIe?Ct@b’ %fﬁ@ﬁﬁﬁ%éélﬁﬁ%&l& #ﬁ%‘l’B%rSmdééa

rovi des schematic

schémptic pe:melsblflevxpdmgram iilustratig fatripationa integratediselac ell/collector
fromlow fill- m cro-sized

arrayggtaqu{p?nrp_gtjgn Qisreg'ﬁHWQf 2R qntical é’ﬁabagg 1%9 RIQVides a schematic
procfésQLffo% dltap?adﬁ ﬁ"ﬁk‘g?%'}'"é’“ﬁ% mﬁ?ﬁ?ﬁﬂrdff‘tﬁé mté% (f"ﬂ §6I‘éﬁE?IVcollector

gl ass coa I factor
arrays(ii) printed mcro LEDS structures; and (iii) a
second gl ass coated I TOor a | owfi II factor netal

10571 Fig-TE crok s SofierBtic P Sadiam Zaenh SCale) SHOBIn gReration of
the &nﬁ%qr‘é\te‘l?ggwsle%ﬁébll%f:ﬂﬁg ?@ﬂ%f h%%& H5aresi éirﬁgéc Eg%@fgptlcal system

structures. provi des
of thfeopreiskrt ingerticre A showntinlfligurei @& Faehattdn isgoilecteddy the
ondu nt s

conGiAr MISsPHED RiLS] ShiciiseoRs celin idre 18 AN an expanded
vievs?B éﬂﬁ&ﬂo@bll%@tﬁ%‘ﬁf@s&eﬂ ﬁv@ﬁfgdﬂ@émp mﬁi?lgha‘?{‘ﬁrgt%ﬁéétﬁn Iagé‘rd top

eaS| ng them omt er on wer e
conia;ct aadieem;um:ltlynetchl ng an Al xGai - xAs (x>about 70%
sacrificial | ayer usi ng hydrofluoric acid. Schene 2

054]7 oFid BBV ERSF sBlo PR BRR SRR RlE  PoBuFaeRibia ecuction

of sém%nbhetd@’%ﬁﬁénﬁbé c'i%'tseﬁmté gﬁé?? -Ifke! 1B iB&tok NFhéAlcERéSoREZe is
etching the oxidized material using agqueous potassium

apptoximatelyl2 misg thengolar delbsize liszappreixiraatelybd. 1enoaasdl the ianea

L Wt hot t, .fol
mulgicgtioh Vg i RolEctar afaand SaeRasl ated)is APPRNMAIELA00. As
dem&isﬂﬁtél‘f‘b@ﬂ#@é&ﬁulmldﬁ 'é,hSwCiﬁ tﬁaswl%%éw@of%}ecg%érd%?ﬁuconducmr

per oxi d In sc , 2 pr otects t
wafenreésults d"eamroxlmeatblygmo tﬁ’mt lightdhaevesteagtaréao r‘ﬁhimaaalculatuon

R h’ﬁ&ﬁﬁgl‘agpg g a?\td%]p @%@sjﬁ%lqﬁg@ pée{qéﬁ mvenfj ion provnde a high
efflcfeW:B/ gt loA et féﬁﬁc%glbr\ts@ éggJ R h Waer@eodh&évﬁya?c devices

rinting solar cel
and systems.

[059] Fig. 20 provides a schematic diagram of a collecting optic and heterogenously
composed solar cell of a solar cell array (sympevolent/diventegration) of the présent
invention. As shown in this figure, collecting optics are provided in optical
communication with a nitride/phosophide and/or arsenide solar cell and silicon solar cell
assembled on the device substrate via contact printing. Figure 20 also provides ray
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schematic process flow diagramillustrating
fabrication of integrated solar cell/collector arrays
W@ e@silmeds connecti on of registry of an opti cal PEF/U&3007/022959
diagram. ofih@mdﬁntd@bt ahewn eﬁ&ecrttm@rw:t@@wammucdahtyrdm concentrator

anchBLAfY 4080 3B 268 sian RSt R Bfag8Labrs (e, thir
gené@meﬁwa?r dehi¥) Qfeatgpmf @%wﬁ 9 mb% 8AQ W& doRPAIALH BY the

of the integrate ével l ecting optics (lens)
necessityaf|caystaldatticarmismato batweﬁpt layats. sipgausraystem didferent absorbing

el 8 Rl a2 iR A e gn ol Sieciéd o Snfhal Shectum
absHiptibATE! @écﬁ:@?bp Figure 18B shows an expanded view of
a mcrocel the present invention conprising an

antireflection layer, top contact and p-n junction.
[06Q]o58ig. F21g)roy@epra)s¢hmnatlcspﬁmeeas flowdiiaggaamfarlfabricationi afran

intefiated Folas Caf 478 e arrel, &G % kaBistiioR A renlcahaing methods and

confe@t bARGRY. A5&Rolh lﬁﬁﬁié%m@h%astgr [BRs érfh? iSUsBH t6Yeherate a
size i s approxi mately O. the ar €a

negative remllcaammldnfo(rmanmle;fnacrephm:nmidlagem impdnting tm;hmddes Next,

rOXI mat el y 400. As d nonstrated b
the foididt BENES R i Tsed 1 Gem gl a DA gonseve, Boliaiadens array by
r

cast‘ﬁquh%g?lkﬂt V@gfegétﬁ%ﬁghe; ﬁé%dtfv%{lbghcgagf’ ok aq&%%rﬁWF@QFe 5§ Zsolar cells
printeehamteta deee shbstnateravd pravided jrt optidal spatneumsicationt with the lens
arragr esen invenfl on Bf ovi de, a h h efficjency, and | ow

oS 2% IL9FNERIGAN & %&'ég?%f) & Present iy

phot ovol tai ¢ devi ces and systens. [059] Fig. 20

(o6 1Y O¥igles é’erﬁéh@t’?@tbb%é’ aBiibAGH PFesﬁeFl@hE@é?td fpedt ic and

het erogenously conposed sol ar cel a sol’ar cel
coneerntean(géqaupetmg opti¢,doJecuslighitto are)mall atdacfopuse ermhght harvesting

* systais ey HeGBsetlinvariion tiasherions affeys abe GSed as optical

coné‘éﬁtfétgfy tﬂh@ﬁ?i@i‘hgﬁarﬂﬁaé%ﬁ fb’gﬁ&%‘s%cﬁ?sﬁhlﬁﬂrﬂn faer and light weight

l'icon solar cell asSe on the device substrate
compaaeci wﬁhmnvpmlwmal rh@psela gthesfigrecdhowspa todallasea measurement for
dent i ght shown col |l ection and

spher&%ﬂg Pag?ﬂtﬁ? rélsecsoncentrat or and individually

addressed sol ar ceI I's. Single crystal multilayer solar

[062¢! IFg.(d3 ﬁ'ovfde'srajs@r%?ﬁétﬁi di‘é éiﬁhﬂfstr%ﬁh?% (?;St%al syﬁsem of the

typi cal ly grown are constral ned
preseett mnﬁlgzn Mhe:reyslmﬂzdnmnhgbteplpes reddor metegemies argeprovided for light

narvgfly RS DT suBhh oo BaRerasP Ty sEUEkFed ks §F appropriate index
of ré’fF&dtl?Sﬂ'to%ﬁEﬁIré WHOrRBRRS &*d&ﬁu&%n@@@ht l e’e[nd énlﬂﬁg]it ifltlle plane of

1 provides a schematic process f agra
the sumtraietw arsaldr call arrsodarreallearray| ar ceI | and | ens array
usi ng a conbination of replica nolding nmethods and

[063] Fig. 24 provides a schematic showing an exemplary printable silicon solar cell
fabricated using a silicon on insulator SOl wafer. The solar cell comprises a doped top
surface with a P/As mixture and is supported by a buried oxide layer of the SOI wafer.
Figure 24 shows the solar cell multilayer structure comprising a n*-Si (P/As) layer and p-
Si(B) layer.
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contact printing. As shown in this figure a master

lens array is used to generate a negative replica
woreod/ 143685 exanpl e via replica nolding or i nprP@I/URZY07/022959
[064]ecFig a@esowdes(a schematio peckseiiles Hiageamiitiusiatingtaomethod of

v R A I B S B BB Pl S vt ol
weldhgicdshy Bl vields b bl sdepRER Bt e

the lens array so as to generate an optical system of
[068]he Fpg 26 provides arschematif @iddrafi @ot &2 scaep shiowirigea tomeiew (in

t f F | | of
pardfigheat %&qm@%@%@@?&&%@r 1o Boaiaptsasolargraysotdhe present
| r . .
mveﬁr@r Il\@{é La?tcragégsrﬂe@sﬂwleﬂnltﬁrtan y) %Mﬁgtw@frﬁg?gap%@r@ately 120 microns
and demgms of apploximatedy asnimmmeahrecprmmﬁrratanraarrawmrmrat bhsa device
ch as thin formfactor

vant s features s and
subg i NIaLRRIER e BEOVIHES, REDINGMUtEN AT B9 ShEns aisklength on the
h

ordefr'cg"\rrﬁ ¢f ngrﬁ%gleftiﬂff@étﬁse?gdr@gezmeelgg%o ’ft_é’crts ﬁgg%%'}d?\?ded device array
of the pmbeMvenwbmgThrmfrgumsssrn@m ﬁgleixrblw ptr:pcllaght fﬁyadeeoﬁ blIfJe LEDs and

t he present inventi erein horizontal |ight pipes
a thaﬂfﬂrﬁ’?n M %t{ﬁ}ﬁd’@g‘ a%@ngm«r@aw el o G5 #Br vest i ﬁg

This optical systemuses transparent, structured nedi a

f j i ’ L4 bghif v

e e e R T

mvehhenp Theesevisot bempubss rrwrgamo photaliede arhys distimited on a lens
h arr Lyl/ 41 § ? provi des a scherratr c showi n
av'ae sab@rrﬁaaﬁ Hurer ¥priaus rqnscﬁrwpgaaérd angles amphewn @uFlgure 27

using a silicon on insulator SO wafer. The sol ar cell

[067|‘iS ¥ Lppé@?ré\g&gé)ﬁ%cbgﬂ@ rofriq‘rgn'}"ﬂllgé‘téa;}irgW'@jﬁrﬁa@%heet around
a spRegualkesutfacefdemonsteating the neekbsitpibft stretpleabikity inahexemplary
er an

“ ' a nt-Si ay.
a”'F%@EW%C?@ OF;j §s5H0 Pdﬁd@é’%?%&ﬁ@ﬂﬂ&%%é'&@@@g qftiagyplanar sheet
t f sferring a
roqUitBHMID Jegit oPUdthabiRg (0 2ol fall iR °% ot act
printing and subsequent cold welding processing to
[0685]f f Fig 28 providan schiematio modme‘erse‘lowdragrahesho&rﬂlﬁ@}a méthod for
8rovr de a c erratgﬁ eJﬁ t to scale) show ng
maképg 6“'9[06969 FrRy 91 ?pé? Pary configuration
for top cont acts to solar arrays of the present
nv n ] i
[069] FR} Bgf Easph*?rf{a"tlor oc?(’cli; %rtéfet (g“jﬁidzrtscﬁnﬁgﬁl"ggé gahrgi ﬂbg?r]gé‘t)‘ E‘gﬁéﬁncy as a function
of Sdlpprl&hlcmeesy 1 mllinmeter are provided in an array
forrrat on a device substrate. Metal features are

i d avin 60 m.crons and.l ength an the .

to7djf GEid 5f $eAnBRe iRk an fliproaedits SESuRg s edie! Faghation of s
Mmﬁ]gyé,qqﬂbgoﬁfStacﬁs)l ar cell device array of the present
invention. This figures shows a flexible strip |ight

made of blue LEDs and
[071] Fig. 32 provides a schematic diagram of a connection scheme where the Si

ribbons comprising p-type silicon with a thin n-type layer on top to form the emitter. Left
side shows the as-transferred Si Ribbons, right shows the connection (direct-write or
screen-printing). Only four Si Ribbons are shown for clarity.

[072] Fig 33 provides a schematic of a solar cell array of the present invention using
PDMS for concentrating solar illumination.

Page 24 of 98



10

15

20

25

a thin kapton substrate with a bendi ng radius equal to

0.85 cm [066] Fig 27 provides a schematic di agram of
WQRoosas3eds i ci al eye" sensor of the current i nvRET/UB2907/022959
[073iheF§Je3$opr3/dﬂﬁﬁ images shevwjaaresylisafadingng single ggystal silicon onto

plas gﬁl %ég”# W ngéﬁz%%g\%z?ﬁaéﬂdq u'?ﬁl'ﬂr‘?é Sﬁ'(;r urﬁwﬁc?{a_#%%{pm%grocess of

angl es ar
the bn@@éht inventidh B compigtible withhewild fandieasisabistrategst r at i ng
wr appi ng a pl anar sheet around a spherical surface

denonstrating the necessi t}/ of stretchability in an
[074x cFrig 36,shoxys a srhemptiejlwstration @f anﬂg(emba/w Aracesspefite present

el RSP, AP b R GHAE sART G itoo Leos

- Fig 29 provide a schematic processes flow di agram

[075]hoWig86 proEdéwan irnageandschdmatiomasaticredf a priny uskful in the
the present invention. [069 F| 30. Estimted Short

presgint gigthods et fapricating orfesm fighting syst¢mss a
function of Silicon Thi ckness. [070] Fig 3 1. Scanning

076, Pl §F phGOETAR FSA0E (557473b0 She 2R elng devices ha
com%ﬁbé paksveR) Afirassed b@eqﬁﬁﬂg‘éﬁid IoPD§ %@@%b"é@ér@ ptd%ﬂc §'ubstrates via
i bbons conprising p-type silicon wt hin n-ty

contlagyﬁﬂntm t bpe deviceimpaRdbg represents |_ae¢qnfewrmai lbﬁanl@asaﬂethm film

oy BB PPl oo 0, et

Ri bbons are shown for clarity. [072] Fig 33 provides a

[07HChEP88 providées a®cﬁém<a@ib|pr@¢és%yﬂdw didyamre semiethod of fabricating a
i nvention using PDMS for concentrating sol ar

confqrmahiaqlaEdeghpogsystengotaﬂne pesentiBeentidiges showi ng
results of printing single crystal silicon onto

[0762I a?d ﬁ% g%\ﬁ&e?s a ProdBd iy dldgxspar‘f’ﬁ;)? @eﬁgﬂné ghriLEbl lIgnt device of

m Ccrostanpi ng pr oc pre

the preeent invantion compaiting £flexible stripi de range of
substrates. [074] Fig 35 shows a schematic
illustration of an exenplary process of the

(0791 &g 16 ﬁfO\é\@e%\amrtP%ﬁjSQfa'OnﬁgV'sw ot ﬁ@ﬁf@fmélr it BDokarding system of

the %r%%ﬂg@gﬁgﬁ&?wﬁ gqu erfpattoﬁgﬁﬁ @t%a{: é@ @%‘mémately 175

microhshiek), USEDS! StflJ'@:tl!il’bS (approxmateBt ’ﬂmimlabné ahick); @ldot@des and a
conformabl e LED | ighting systenms. [076] Fig 3

PDMP @ncapsulating69aiid-square (part a) and linear (part b)
l'i ghting devices that conprise passively addressed

[08(@I Ui Cdoﬂf?%npr | ﬁﬁ%ﬁéﬁlﬁg@ d@}t@@ Qﬁ?egfgé t‘éf Ettégjﬁrte"s@ﬁﬁﬁvention in an

unbeﬂmtateelatfsstabemrs‘ame with d bénding sadius lof 7 dm| arsecayid bevgt sate with a
evi cg of .the present inventjon. r£q077 Fi g g rovi des
benging¢Adivgaf® PPothirgbant sateiwith abe ing 3 g4 cm, a fourth bent

satel @ W%Erdy Aadius of 3 cm and in a state upon release of the bending stress.
The images in Figure 42 confirm that conformal ILED lighting systems of the present

invention provide useful optical properties in bent configurations.

[081] Fig 42 provides an image of a flexible strip light made of blue LEDs and thin
kapton substrates with bending radius equal to 0.85 c¢m.

[082] Fig 43 provides schematics showing two methods for assembling ILED
structures on the device substrate.
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conformabl e LED |ighting system of the present
invention. [078] Fig 39 provides a process flow
waolp@gn#ess or fabricating an | LED |i ght devi ce BET/UB2907/022959
[083]r eFiché4 iprand@es arscbematic Somihedormationoka stieropsingleyystal silicon

o R R3O e L B s
tranSfRMd fFOMP OIS Grite PPEMBENTE] cfieRBHE RSN serves as the back electrical

(approximately 175 mcrons thick), ILEDS structures
confagptardhe wevicky Thesilidary isrteanshercdéd by dmimating dise REIMS onto the

| ati ing. Fig .4 1. ' N

electiRgE UGS AL PRGHReSI5odYe FM Sthacks et dBistp (51, planarization

. . . et at : .
o o o BT R opThelel comtabls % PR el Theltédiodts
comipieted by integratingod Idw cancentrativnueinddedl dend atiay mededirog PDMS
ont B ] (e F i A e § Sap 3 ol PSS s cosigned
SUCH S50 (Ot BERIipIN EplSBRGE I the it pln B RS iy

i nvention provide useful optical properties in bent
[084]onfhigidb provides imagdg ofra giliean solaricad dransfarremtte aflass substrate.

| exi bl trip.Light de of blue LEDs and thin kapton ,
(a) Qufica ags delsnglf el G 4 slassSubstrale Wit Boyslpang Basgm electrical
confi ) i S L GHAIE L Dcat 1 TBSHALS 5P et shown
(a) sndertAMtie5] 083] Fig 44 provides a schematic for the

formation of a mcro single crystal silicon solar cell

o8l Hiadb arsYides frastrta salt cef 2ravanned to culdsisplOiecting optics
(2) Bk Ro B R RASER Prégaler el FAn ARG uat e S ag o) Picture of the
samer dendée mitbdubthel incdnpatation afitbe RiMaway.o t he el ectrode

surface and slowy peeling the PDVMS back. Next, in
108 Fics 7 pubufed Breeheriete et fornerinaga el spacontrator arrays

withGRfEYr&leBtmEtal cHARBILEMB I S-SiRbrE SnaLEENAmiefb-silicon solar cells). The
cyli'ndrical lens array nmade from PDVS onto the device

progesseyiay offwitht mtlste\fal ohh rsetapmeshqattee frogea subatratenshown dark
bluelgd § PP Makler16hs 3180 T adens aoYiesh aaterdicatythen be

lamir@® infe@isdy dHit8 dndeivay Bﬁ%ﬁ»’&)rpéolér ?éﬂé. con sol ar cell

transferred’to a glass substrate, (a) Optical inmage of
a single cell on a glass substrate with both top and
[08Tot Figra8lillustnatesathequrocess How for) generatimg solar teligand integrated

char cteritsti cs - Typical |-V response for a device
CO”E‘HM'W%OQ ¥ under AM 1.5. [085] Fig 46 provides

i mges of a solar cell array joined to cylindrical _
[08810! IFRg 140 MoABES fiagdPof Eintibldy $Hlaf cdIlNgrray PahtetBrtd gold bus lines on
integrated device Wwth Cw indrical |ens array (b)
glassi sttbgitratass via laethin PDMS adhesive layer. Also shown are current — voltage

characteristics for the solar cell array.

[089] Fig 50 provides a schematic illustration of microcells of (a) vertical-type, (b)
transverse-type, (c) combination of both types.

[090] Fig. 51 provides-a schematic diagram illustrating a method of the present
invention for making large area optical systems using micromanipulation via transfer
printing. This techniques provides for massively parallel assembly of inorganic
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same device without the incorporation of the Iens
array. [086] Fig 47 provides a schematic diagramfor
WwQ@emwsnaedBhg optical concentrator arrays w th i PEBEYSWNER2959
semigansiuctas elermestsand semicgndueton deyices I”@ymgsmlcro -sized and/or nano-
lar cells The process starts off
smeé\ﬁ!ﬁq‘f{gr&gﬂﬂlnﬁe al '?# a net al Zresh paltotern froma
substrate (shown dark blue) via a PDMS nol ded | ens

[099]r r &g. SPhsrobvitlesa plot @f Lureht (A tvieesus asplicdn@tage (V) for a inorganic
|'am nated in registry onto an array of silicon sol ar

LED:-deviee apegmbled, \ja yransfarpsintinges the process flow for
generating solar cells and integrated concentrati ng

109215} FIg, 590 B 2ach of BEHEHEPYLEPRIR a1 (HHEEE (16Va printec

thingirashoadic VED deviddl asJ2nible@ dRes prstit QMBétraté'ﬁ@tréH@Fé’ﬂ printing.
are current - voltage characteristics for the solar

Figure|33Aaalsayproyide e sahema® diagrani of the assesmied device. Fig. 53A
proviges 8 sefudfic dladtef S AnxebiPian ShED SRS Srygity useu n the

preserfd inventioRr ovi des a schematic diagramillustrating a
mat hod of the present invention for naking large area

ptical systens using mcromani pulation via transfer
[09iﬂr i miguigs S#Ai and e4B mirgides gelirmatie diagramgofisysteyns of the present

nveibf cofprBRR BB A Ee PARERRLLFREHEERYY ithortana or

nanosi zed physical dinmensions. [091] Fig. 52 provide a

[094]! oFirire BE providesA flove idiagranlifllstestingPbiogessiny)stépd inanethods of
i norgani c LED device assenbled via transfer printing.

the present invgntion forgnaking semippriucier-based-aptiqahpystems.gomprising

partRBeH DA 38Ry o b RSBt b

electionisdiévices and dadicefdompchentd) al so provide a schematic
di agram of the assenbled device. Fig. 53A provides a

schemati c di agram shown an exenplary | LED epil ayer
[098); r friguie SBReVidesi axpermestalyesuits ﬁlwactemmq thgdmpact of step edges

on SIS, aRaB A, BB A MR pements

pr| nt abl e sem conductor el enents. [094] Figure 55

[096) oVFiglae 57 providedi saproeess flowsdiagianm ornakia Sprmtalﬁé egmiconductor
in net hods of the Esesent i nvention for ma

eleraaiis COMRISING verdisa Qiﬁ't Fella thayean e subspAueNtigassembled and
.ntemoﬂﬂgéga% BbCHBY SiaPaRipgnayict of el ement s, such as

e sSém con ased’ ‘el ectronic deV|ces and
deV|ce component s. [095] Fi gure 56 provides

[09'6])(; p &igureri8aprovicies| SEMdhragestaf miz fosgldrivells op differet thickpesses
fabrﬁ:a?eedc' from bulk wafers. (Top to bottom: 8 microns, 16 microns, 22 microns thick).

[098] Figure 59 provides a plot showing IV characteristics of an individual solar cell
device fabricated using the present processing platform.

[099] Figure 60 shows processing for generating top contacts for the vertical solar
cells and related electronic performance data.

[0100] Figure 61 provides a schematic showing a solar cell layout of transverse type
solar cells to be patterned on a <111> p-type Si wafer and capable of subsequent
assembly and integration via contact printing.
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on establishing electrical contact to and/or between
prl nt abl e sem conduct or el errents [096] Figure 57
Qr@silegsss a process flow di agram for maki ng prPET/EBI0@7/022959
[01 Oéénthbmi G2tsovides @eschemali oyvm@th&:doplaglscgemwbeneﬁrs boron (P+)

and plBroffiouain L Aas: lions ZRRaliEoq §Fing R BECHACS of the

paﬁ@ﬁn‘éﬂ'%c&@ﬂudt&ﬁ%rﬁ m crosol ar cells of di fferent
hi cknesses fabricated frombul k wafers. (Top to

bottom 8 mcrons, 16 mcrons, 22 mcrons thick).

| [01q2)9E]guFe §3rprovides amavesview sohematicostiowing the process flow for cell

tt har act&rl St c% of an individual solar cell device
pa ?rzﬂﬂq G\ 98 S §p§'he present processing platform
[099] Figure 60 shows processing for generating top

[01 03] NFRftré 64QProlides wesdhepdticcdibhgrang §hbﬁw@"&ob§éﬁh@ dteps for

el"ectroni c performance data. [0100] Figure 6
patteiming selar el sbieons illostsating plotalithegeaphysand SiﬁodﬂepoIRIE etching
traneverse type solar cells to be patterned on a <
Procges s ype Si wafer and capabl e of subsequent
assenbly and integration via contact printing.[0101]
[01 dﬁ]gngiJré%Spihbwejt‘é%uﬁs %hﬂ@H Fefﬁh?t)’\‘ﬂﬂﬁ:e%&ﬁ fém@hél Sidewalls of the
sCherre wherein boron (P+) and phosphorous ? doped
pattergidoittbamse patterned on the external surface of the
patterned sem conductor ribbons. [0102] Figure 63
n_overvi ew sch

011 EidER eBhroVies s A e deiy i eiehdorfisigarassing. After the
KOFrréhitlifg Stbp? ro@vwaép.agssmrﬂﬁbhsn i &ﬂj’ msh&w& Ronducted.

processing steps for patterning solar cell ribbons

i | lustrating photolithography and STS deep RIE etching
[0106]o Eiguise S7apovides Bosqhamalior dagers fievhaspbaraus doping RAMessing

refining processing of the sidewalls of the patterned

o1} PRiRs e s el Bed i Y BB LGB Bf et

procéiseing. bor on dopi ng for formation of top p+ contact is
conducted. [0106] Figure 67 provides a schematic
di_agram f or phosphorous dopi ng processing [0107]

[0108] g igure §9revidgs A schemmaticedingram shewinasmeapsging for the formation of

i vation processing. [0108] Figure 69
a K%‘F‘S@l deb vﬂﬁé Wermatic di agram show ng processing for

the formation of a KOH etching w ndow. [0109] Figure
[0109] Pigure desprovides gniepdtaphe showingKOB! stbhing froessEHsd A6d bottom

and bottom boron dopi ng processing.
boron doping processing.

[0110] Figure 71 provides images showing transfer of the solar cell ribbons from the
source wafer using a PDMS transfer device.

[0111] Figure 72 provides a schematic diagram illustrating contact printing and
planarization processing steps.

[011 2]' Figure 73 provides an imaging showing the results of metallization processing.

[0113] Figure 74 provides a schematic diagram of the metallization process showing an
Al metal layer, SiO. dielectric layer, Cr/Au layer, solar cell, planarizing layer and device
substrate.
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[0110] Figure 7 1 provides inmages show ng transfer of

the solar cell ribbons fromthe source wafer using a
WEDME/1#36ahsf er device. [01 11] Figure 72 provi BEEUS2007/022959
107144 hElewres 7 ah AdaRt Prowde a@h&r@au@ﬂtaseamﬁ examphtyingthe expressions

“Iate%l"’lgﬁxghé%'iwhoﬁﬂg ?@S%hg@?rﬁ%%gn gﬂlﬁ ugédgfﬁr fhe Present description.

Fugur@vak\l prodidesra opqsias vieWof pitaBie serdidbAdUdoPeRMERS cdmprising 4
schematic di agram of the netallization process show ng

semigenductestribbona pes. on tre coriexteofithis descsiptiomtnenexpregsion “lateral

aimGPRigh & BxemAlia Ry be feharE $0R0 2eEAL FrG PLgie SicoRductor
ribb&¥£6005.1 Fi evlse .%prd@%% &oss sbeﬁ&saqlvuéw BPfh%' phitabrand

‘cross sectional ‘dinmensions” as used in the present
seminductar iedemeMsuomapridng drsenidersductoofbhorsb00%w of
printabl e sem conductor el enents conprising 4

101 TRC RS 751wl 9 BB &Y il b BReBlR 8Bl orintea on pET

subsiiagyl i fied by the Iength 6000 and wi dth 6010 of the
sem conduct or ribbons 6005. Figure 75B provides a
cross sectional view of the printable sem conductor
el ements conprising 4 sem conductor ribbons 6005.
[0115] Figure 76 shows an array of printable
GaAs/ I nGaAI P red LEDs printed on PET substrates.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 01 16]

Referring t DEVAIKER'DESSRIPTION OFPHE INVENTIONE | i ke
el ements and the same nunber appearing in nore than

[01 lﬁ]e%femnggo tleg drawings.tlike numerals ingioate like elempnts and the same

bG5S0 54 0o R 45 B b P o con,

her@ﬁ@ft&?fhé@lloﬁﬁwm&sé prs to the characteristic
o opti cal conmponent s and devi ce conmponents that they

di rect ght froma relatively |large area and direct
[01 1t7ﬂafC‘P|in7rﬁlﬂgf andrieoneentrating,, ahapwlied toplics andrantical components,

oot gl 6 oL SR RS e SO ey

dire€ighe froft & réfatively earde drea dndditect R GighPid aotRéM&rea, in some
harvesting by printed inorganic solar cells or

caS%@ﬁmI@aasea [ (brlifa commexhefaaree emoﬂmgnts@caléa@ngarw

conghil Al HpBEnsHERARRY uBafhSPebRTEE Bt or o

dete@ﬁéﬁ'@ﬁ'pbwe‘? ihhi'ﬁsﬁhg by pHrdéd 'lrferQn|@%@4£fcelll§b??h@fdd‘tﬂjes
onto or into substrates w t hout exposure of

rate to high tenperatures (i.e. at tenperatures
[01 1855 sPrmiahleo rfelélﬁﬁaﬂo ma ea@!ﬁnstrmgwr%giew@ cENEeNRY)ts and/or integrated

funcﬁ@ﬁgf{%ﬁ%é@ﬁgﬁg%?éggheodg\?firgﬂéfe'r,né’ses@Hbcfy, pditerih8Pbfanizing and/or

integrating onto or into substrates without exposure of the substrate to high

temperatures (i.e. at temperatures less than or equal to about 400 degrees Celsius). In
one embodiment of the present invention, printable materials, elements, device
components and devices are capable of transfer, assembly, patterning, organizing
and/or integrating onto or into substrates via solution printing or contact printing.

[0119] “Printable semiconductor elements” of the present invention comprise
semiconductor structures that are able to be assembled and/or integrated onto substrate
surfaces, for example using by dry transfer contact printing and/or solution printing
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conmponents and devi ces are capable of transfer,
assenbly, patterning, organizing and/or integrating
W@R08/1¢3633 nt 0 substrates via sol ution printi ngP@F/US2007/022959

metbods. alix ong embodimentp paniabtePseémicabductoe elernenta of dhe present
. elepents". of the present invention conprise L :
inveBlih ag J0LEY S adip G Mae. AElFSs Bos s ahystalipaynarganic
semaeraﬁ{d%tdrrswaf@é@d IP8HE emtiih8he prinfdAe 86middtdulct B fents are

usi n dry transfer contact printing and/or sol ution
conrpeoteg |tmgnmblstrate sunh @sea Mm&nwﬂar, Vigponetosiphese bridge elements. In

ment s r esent |nv ar :
this EResT 64 e ecTerB: atritae HFuties & mpRpfiBiciement having
featméértﬁﬁf ¥ rﬁbbhé‘rﬂcélﬂ%&ﬁﬂ! &e%ﬁﬁé&%gb&fr e‘?ér’héﬁfs%f%e present
I'n one enbodi nent, prlnta e sem conduct or el enent
inveatien ceaynkee uedoped ar sloped rraaye haseasedaectad rspahalrdlsmbetlon of dopants
nts. In.this conte

andy iy B3 Sioper MHltoa Pluraiiyicl STHETaD RAaht S4tErigenipabidig Pand N type
dopEnSTPRNtAI sEMicdRlRlof BIeMBhtsy SRICIHEST the present invention may

includesholes @ peﬂprdimnsrtuanﬂgﬂ\ ane dmmtsnomaﬁ/thleaelemenmﬂodatmthte their
ial distrjbution of Qj’Eants and- may be doped_wi th

fe'eagiu?rem wafenby He intpduetiobphbmehemical release ageniyd NRgresent
el 0 S5 0Bk SEOESOAE, BT st

crossadersional dirvensiont (eoglstmctknwghs@leetedl ownshe ram;.fe ofemicron to 1000
el enents to facllltate t%ﬁér rel ease froma wafe

microRs. i hbe pERRANt Hvestion ingldde Aarnesiiuciuedpyintable 'ﬁﬁ@"'cgnducmr
elerRé MRS Havi é‘lﬁ"‘%ﬁ@éétl%hé Sk desishdl ro?rﬁfzﬁé’iﬁ{m Ldéﬁ;g tﬂfc‘kﬂé%}' $elected over

sem con nts havi ng

the egei afrato t0ENanameters.gln an Ielmbommht w;bmtablé sarmconductor
t he raﬁge of 1 mcron to 1000 m crons. The present

elemeptafthe present investing hesd tigkness dHFPﬂ$'QB$ 4655 than of equal or 1000

mmr?@%‘t ﬁ%gﬂlé‘t‘) mg%é on&%ﬁhcﬁﬁéﬁh{ﬁtﬁl& gga.gg?gcc{}{esgég% than or equal to

100trhierares) peefefably far sbaidapplivatiohs asthickne ss diemdrgiomelelss than or equal
rintable sem conﬁﬂuct or el enent .of the present .
to 18rW6Fﬂrlso%f‘ REeferaply fok sedie aRRliEAtoHA thiskress@imensions less than or
‘% rohQ00 mcrons, preferably for some
pI I catrons a thi ckness di nensi ons | ess than or equal

to 100 microns, preferably for sone applications a
[0120]i Ekiméatsle demmmdmt)rl eiemehtsauseiul inaihy ﬁpplkibatunns comprises
elerﬁé‘rﬁt‘gp ?&Eé?qoggst];gr rbrprg Ilr(m:gatg* glgﬁléy%hlgﬁlk{]r@qtg@?ls such as high
purff P RAin® SARLSARMISE Rbids SERBIiad B8y ool high temperature
proaiammg qecbmqsues nén sbmieirgathodsiang dystemsat the ptlesenslnvhntlon

urit stal li.ne sem conduct.or waf

prinfabie SR e&%ﬂ@@ﬁqfdn%pr%egn 'QV&%QP £00IREisé composite
hete‘?ﬁ@éﬁé&lé@ Gcﬁﬁn‘é@' a s@nﬁ | 26RhERBAES or

t resent 1nventio prln ondictor
othearwﬁeelntegrafedtwm at leRshone addmmnaM@mmcomponenmssttL&:ture, such as

t t t h duct

a co&@ggé{f& qu%(r) “@g\%ﬁrg”@tclgﬁérf %Iq;?r\{aldggagdl?lgr%lcs%rr]n|g8n8uctor structure or any
combination of these. In some methods and systems of the present invention, the

equS

printable semiconductor element(s) comprises a semiconductor structure integrated with
at least one additional structure selected from the group consisting of: another
semiconductor structure; a dielectric structure; conductive structure, and an optical
structure (e.g., optical coatings, reflectors, windows, optical filter, collecting, diffusing or
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ot herw se integrated with at | east one additional
devi ce conponent or structure, such as a conducting
WO 2008143683 el ectric | ayer, el ectrode, additi onaPCT/US2007/022959
conwﬂat@ndlpiccetcéx Insamie eeshodsand spstiems: ofdhe m‘res&rﬁsmentlon the
ens_of the present

printals SO iAeRE oL shTae RN P es A e hisoreisr bgetus® Thtegrated with
at Ie%%f'bﬁé’ R&oRIc &éJlé@EHh@Oh@ﬁ?ﬁl?@t@g ﬂt’q]rﬁ 'ﬂ\@grdlﬁﬁééns%ﬁ'\g of: an

ditional structure selected fromthe gr
electrode| adielgctdt layerpaheptisaoatingua nmtalsctonlad:ttpaﬂ a gemiconductor
[ ctric structure: conductive structure, and, an

di el
chargl; 3 soge meifiads and /Stemsial a6 prasent inyentioaspristiables,
semiddHiRMor 8hbRR offthég)‘?ésferﬁ‘?rln}e{?ﬁubh%mﬂigefé{gét&%%e semiconductor
or concentraton tho

elemsgrsis ehenddblée benmmtorlelamehtmd/beh@temgawo&s semlconductor
sen conduct or el enent %tHr r| ses a sem conducto

elenagntsde @ Samicagaygtans infegratedgmith ane oF M F@dd't'0n3|
matdf¥is Sich ‘%fgﬂfi@l%gfnc%ebﬁ\%tr %@nﬁé&{&{c&ﬁs gé&%c‘fé’rgsbér%ahﬂgs etc.).
of : "an electrode, a dielectric layer, an optl

Printabiié isemicanduetal elemenscinciuae, prustatniecsmdmhductoh devieks and
In sone net hods and systens e present_ invention

co"moinﬁf‘ﬁotl éf%cén'i"elsﬁlm&%frn@l"mf%ﬂ@ Riintable LERs dagers, solar cells, p-n
junc‘kt)lﬂﬁg %H&BV&M @S)gfdlé@é Y u?\@égj;ra@oeﬂ%'i@ and

e sem coO of el'enents aﬁg or he 0geneous
sens@gl conductor elenments (e.g., sem conductor structures
integrated with one or nore additional materials such
di el ectrics, other sem conductors, conductors,

(0123, siiress seetional gimension relarsite dhridimensiensaba ceoss section of
devfc@cbé’\ﬂs% tcgﬁﬁi@r@eoﬁr ﬁl%g%@ ”ép&tsg%etcﬂﬁﬁélccﬁﬁmeﬂg%ns include the

th|clmesr$t eddigs, ldrldiametsraf a, pmhble semhicondyctor elenentofer example,
hot ovol t ai cs photodlodes di odes, transistors,

prin W%ge@@@d@mlﬁ qraenighaving 3 slobon[shape are cheragierized by a
thickYRsds! &Béé ﬂr??%? Hgﬂenéﬁﬁ EFdr EQaﬁw@Fbﬂ,nglﬂgd;]lﬁé ggﬁu nd%%qr_elements

0SS S8etT o vice, device or nma
haviBgas syliseltitalosted pedaneestracterized by dedibineté iattemasisely radius) cross
radius, or dianmeter of a printable sem conductor
seciqnalgHpensign. exanpl e, printabl e seni conductor el enents
havi ng a ri bbon shape are characterized by a thickness
08§ | »
[0122]050r ucgrgép? ri‘éi,rrrme'@;dt"@f getl)éé%uﬁﬁﬁ}bﬁerzl %‘fl@hﬂﬁbﬁ refers to an
orienMoacstueh|tlzauhb)lomglwcmmmes(odzlatmmﬁdtnomd;fyeleménts)such as printable
Gros sectl onal di nensi on 1223 "Longj t udi nal | ¥ﬁ¢ ) )
semizanavcley glemgnts, gg QH?T“&ﬂlﬁ}Ibﬁ ally pagilel 1, sgteckrgt alignment axis.
€
In tHee&%té%(tt& tRfS dﬁf@?ﬁ@%h?&aﬁﬂﬁ@ ;?Qr%ﬁlel B% l:éi@@feh%ﬁ! é;f’éfers to an

axes o oh o Such as prin

orleammbowmﬂuntmrdwre@eeot an abselutaly pataiie| eﬂmmam | mbteypreferably within
rall to a selected al |%nrrent axis. In the context
5 d‘fﬂ"e?ﬁp agapsalutely paraligherigitatiant y parallel to a

sel ected axis refers to an orientation within 10
[01 ﬂagﬁ@rﬁggﬁ@s m@%ob% Shendtié drgl usd §RbAYINBsly TR e present
description and refer to the ability of a material, structure, device or device component to
be deformed into a curved shape without undergoing a transformation that introduces
significant strain, such as strain characterizing the failure point of a material, étructure,
device or device component. In an exemplary embodiment, a flexible material,
structure, device or device component may be deformed into a curved shape without

introducing strain larger than or equal to 5 %, preferably for some applications larger
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5 degrees of an absol utely paral I el ori ent ation.

[0123] The terns "flexible" and "bendabl e" are used

G 20981 Y36B1 X in the present description and re¢EDS2007/022959
thart Oreeqial to t‘y 7pfang matecpieierabit forn somesapplications @rgerdthpo®r equal to
05%gn'ponent to be defornmed into a curved shape w t hout
: dergoing a transformation that introduces

significant strain, such as strain characterizing the

[01243i *Semicedd0Eto?f referdrd €z}\fn'yﬁthzate‘@“br ﬂ'\%‘t w&*maﬂéﬂaIQﬁaﬂ% an insulator at a

devi ce conponent. In an éxenp g nmbodi nent, a
veryfipweRIRe ratrefaut whigh haatamnpre@e lecaleeiricaksangiuctivity at a

em§ERRER B 360 REMGE T i et B0 B
semﬁUo?ff%ﬁﬁ'lé( ﬁt@rﬁdeﬁﬂ@bé‘@@hé@@h‘t Aith ds%rcﬁ%fsrléﬂn G trRASAof

% and nore preferably for sone applications
microataptionidsaancbeleetyical devic€s.5Semi¢atiutiors Sseful imthecprasent invention
ers to [

may GRrip s FleHHent SeaGOTONRG an U85 FECOB Geram AR damond, and
comPRAASHIL ARG o) 2 BRAUSH) Kaipodhy SRS S as SiC
and @iGehgraup ¥ senicordiuctars sushiastAiSbeAlAs) Athe Al 8N t@asb, GaAs,
h hi t th of I c
GaNy3AR; BStr Inds. 13N, At mﬁemuw%ﬁﬁgéﬁédcﬁé‘@@oys such as
A|XG%.XA§,n§rdup\4ﬁm 5OMIcBRAUERIT® %Uéﬁa gﬁ & P8 D 0¥ $Se, ZnS,
such as s |anon

I con, germani um and and conpoun
and safie; gmﬂp:t—kﬁlsenmcmdta}to:gr(bm@l xoumkpe M demiconductors such as

Poss BTGNS, ByelSAmiconabsiore aush a5 Al Mbse SopGagasexide
sem%%uc%?&"sugﬁ%s lﬁ‘@kénd'di‘@f% 'rﬂé'teﬁﬁ‘@ehﬁxn%k_ Cléﬂxdé/s intrinsic

ternary sem conductors ys such ‘
semiganductadrylandeaxtrinsicl semiconductdrs dsatCe&alop€d SyithCoife or more selected

matgiils, MGEANS SanicOPAUGRR Pauha R bee-deried TSRS AnpiT iype doping
mat&&s%rob%%en%?@a? %I&Wa@??oﬁé;b &%ﬁpfo? ’ac%{p%_% a?ﬁ@catlon or

oxi de sem conductors and _
devicer Mhederrocedicondudtocinohigesicomposite anatenalscohprising a mixture of

semigondiiclors pelar cpmaater araic ﬁ%@\?émﬁﬁgtoggﬁ@etga'%@i%efm in some
appnf"éﬁoﬂg q‘f’tﬁé/P?eéé?nPW nﬂ@é fricldde ath‘ﬁQré‘enévylﬂﬁlt R, Ge, SiC, AIP,

mat eri a O provi Cliri Cca pro er ies
AlAs;AISb| Giadl, GaRyi GaAspaSbcmA, imAsrGadb; o8, Iks: 108byZn0, ZnSe,

2o R o B SO LR S ST 08 o,
AllnﬁggAﬂﬁPdeﬁfA@P @tlﬁAé ah2InwS AlahALSh, AlGaiRPBand GabnAsP Porous

I catrons o present invention I nclude
S|I|comsem|condm:tarana@|naIme (Bietiyl for Bpplidations af Bie piesbint |nvent|on in the

field%}%en%ﬁé@nc%ﬁé&eréﬁt@ig I@j%@% algargsgh %If@t !g?}@%ngég@ges (LEDs) and
solicfgtE?%> é%% ﬁﬁﬁur&a&ﬁ npéa%lgbﬁafﬁ%&r‘@ %Dﬁé:l%tgﬁgé%%@%nts ions
andfesmoalecules other than the semiconductor material(s) themselves or any dopants
provided to the semiconductor material. Impurities are undesirable materials present in
semiconductor materials which may negatively impact the electrical properties of
semiconductor materials, and include but are not limited to oxygen, cérbon, and metals
including heavy metals. Heavy metal impurities include, but are not limited to‘, the group
of elements between copper and lead on the periodic table, calicum, sodium, and all
ions, compounds and/or complexes thereof.
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silicon sem conductor materials are useful for
applications of the present invention in the field of
W(Se(wslbliiﬁiand light emtting materials, such asPCT/jk2007/022959
[0125} { Plasgc’alie(f;e@stO(eLramyptl’zﬁm ardiatdrady eceunriaganaterial or combination of

mateerr%u | tt'g%?wlq%@%w ume@ég{a%é%@'yﬁd@féﬂ%r Y 8{1 g%]sd hardened into a
desifRITsH UEJ(é’f'h Efdsﬁbé gkeﬁuﬁ‘ W@'d@%é&rarﬁ%eﬂ% bf2he present
provi dtot m conductor nmaterial. Inpurities ar
inventiare gncluds, @utrataenoulmitegd tesmiynnerssmmmmtﬂwelhﬂose derivatives. In
mat erj al s which negat.i vel e el ectrical
the RiESHEL Secebph b R pRaG:S InteRdaiainclie Sompdnie Haste
mat&'ieﬁ? ESFn rlbm &b 6Pm‘é¥éf 9%t|c§ Wuth%“he @H"r%F@éé&ﬁves such as structural
I nc heavy netals. Heavy netal inpurit
enhanuelrsdelersa dibess, plasticiders; stabilizers drrmidgwesrwmh alanenovile desired
betx\een cog%er and | ead on the periodic table,
cherpiga) o{,Rhysiea{iRtapedRg: al | i ons, conpounds and/ or
conpl exes thereof.[01 25] "Plastic" refers to any
N4 I
(0128f TNBL o T8I0 piyRle haltialihith o 66 stretched ot deformed
and getoen W ity origieal Meeﬂﬂhwtobd’mtam:aénetmamem ddadmmainbn Elastomers

comppii Hadeiaorsubstariial quiwsa? oGHeticRs: (remplaD SRalomArs useful in
the éregbﬁteﬂvéﬁhorpﬁ ﬁin'?pns’ee Qdc&%&r‘rlb%s% mptog}t?n materials or

erivati ves. res crlpt
mixtptesssofi molyraersiamh deplolymelrsnc Eumomemp t/er eefprsaktt a tayer comprising at

leashBng elARTEL e BIASAITRTIG ST (Y. A156 METHes GepATS AR ashay, non-
elasfdn'?(?ﬁéma‘i’écﬁaﬁé' & 7k6 e B@é?h' mztﬁé ré’éetﬁ%édt%ﬁsmé‘?irfbﬁhde but are

may provi desiTed Chentca ysical propert

“not I[rﬂllélﬁlo 't rasaplastic' elaelbmersxstysemhwimals otefemic materials, polyolefin,

o o P o U eSS et Fs
o O s TS P 5 s

polychlergpresenand silieonheésonElasiomersproside gladtpmeris,stamps useful in the
copol ynmers, conposite materials or m xtures of
p’esﬁﬂfg}%ﬁ‘%‘;sand copol yners. Elastomeric layer refers to a
| ayer conprising at |east one el astoner. Elastoneric

[01,272yel“r§n§@‘ daliRe” idisls et 98@?&%? delite onent ﬁa%%le of receiving,

nel astoneric materials astoners us
relogatege assemblimy and/omintegratingde elbotendoe array of lelememtst such as one

or mge éan?rﬁﬁ@gé&%ﬂ@é@;ﬁg? SIS of RS dAGRaSatel G the present
invefli corﬁehﬁ sfé’r%?’@d‘t?éé halingBieSor RBM contact surfaces

po y[)uta | ene, obut yl ene
capataé pf esgabdaslmng maﬁbrmﬁcengalcewﬁh elepmbytsrwtdmgmsg transfer The

ol ychl oro ne and.silicones oV
presBnhHEdA 5@99%@95\5@@% &S PRRIoNET ﬁ wlRuerblof Ypplementation in
connettidhlwitha %%%fsgél’r ecc?om 6diR %n Qoﬁ?e\ﬁ'cctﬁ‘ar%?e |c5ée Useful
conponent capa rece vin ocat| ng, asse
elastomi¢ric transfegdaviceg |rmiudahg mnéIastomemcastauip,edommte elastomenc
stan%J,Cat}\ &ast%rr}?eric layer, plurality of elastomeric layers and an elastomeric layer

coupled to a substrate such as a glass, ceramic, metal or polymer substrate.

[0128] “Large area” refers to an area, such as the area of a receiving surface of a
substrate used for device fabrication, greater than or equal to 36 square inches .
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or nore printable sem conductor elenments. Transfer
devi ces useful in the present invention include
w@ovBo#IeaH| e transfer devices, having one or nBPECEUS2007/022959

[01Zﬁint“g@lnf@marl&@@tacg’arsé&fséownm gplabyshedybetyeesy stifaces, coated

surfeh e dh e S SE Py HERTIAR o e8] b on, i n B B setul for

tranéférrrmgrras%@muuagl @ﬂgahmrﬁg 8RANREGHRgdtiudtRes (SIS &5 printable
devi ce conprising an elastoneric transfer device.

semigastductasiedements) oo a subsifale sudace.en one aspectgcanformal contact

t t ite elastone
involy A BToseapls aRaptBfiGR 8T phe of ke Sonta shiraray ef & ogtprmable
I
tranéﬁégg@ﬁggggfrlhé gvbﬁa\ﬂ a‘bg;tﬁ gﬁ/ﬁnégrrﬁes s Qtéaf;éa ?Feﬁmé%ﬁfégﬁ'ésofaan object
such agregprirdtable semrbendlfmtor alemaarga In anoﬂngafaspe«a eomformal eontact
a substrate use or ev

VOGS 2 IETPSROPIG ACEP O P oraig cq@aewﬂm ol arrantermable
rangledHevlce, 3 TRl SRR leadil & i il cBtact wity out voids. The
terns corfacraal tentactgs irtendéd te be epasistezd withewseoof s teimriayhe art of soft
Iithq%ﬁ@é@fe pﬂér@p é@r?ta;tgrrgglyng% a%gél?sﬁe!drgegwp ?12' ozrI ﬁgreaé]gre contact
surfB€84 608 ¢URIaBICHERLIE) dVIce aRHDSLitke YUFEEE. AferRafvely,

aspect orna contact 1 nvolves a macr oscop

confaienal edntant miay decestablisiveel tm:twbantormwrfraoescméted contact surfaces, for
conformabl e transfer device ,to the overall shape of

exaqipi eontact syffaceshaying adrangfarfeategal, ﬁﬁ'nlﬁﬂl%(??méﬁﬂﬂﬁm&@r element,
deviReRidm n%}fdrﬁ éerF&é\ﬂb@P@Eo&ieed"'ﬁ%?eoﬂ b %%H?@Fmﬁ?@?r%s er device

confor contact | nvo S a m croscopi c adapta

andansulsstrat® sarfacet Atterrmnwéw«; esnfofmal @tmtéotrmajp lbe dstablished between
device to a substc{/ate sur gce | eading to an intimte

one Qs TPgHe bae(as coated, eRriact surtaces QrmRble dianelasdavice and a
' i 0t .
sub%ﬂf%@%g%ﬁ:cﬁ&ﬁcﬁ%ﬁ ?@%%r&%%ﬁ ﬁ%l% t‘?én%f@f @aﬁregr{/df,‘béed?ld gHotoresist

layee spraipblysinerdayer, de tmeﬂm onfluid. bare contact surfaces
of a conforrrabl e transfer device and a substrate

o134 :BBCermiant Ber ek tatrsdp e b 62 ktsiel Bathod or device to
tran§férr aa@?rﬁablfe‘ﬁler% RRh G t”e{)?ﬁﬁta%lé’ §é’rﬁ nBG(‘!ﬂoP%IéFnent to a selected

t ranst er naterla prin e sem con ctor el enent
posifioni elﬁwercra‘;aune o thapdsémon oéothes déeivesianepbridnds, emu:h as‘ electrodes

orma% &ransfe devi.ce and a sypstrate surf
or relalies Ieae SelEce @&%P recaifipg SUnagg. beoed fiacéuracy
refePSio' Tt dE 8pl8/of ?r‘éﬂ%%?' ggﬁ‘ﬁﬁa é”eié”fﬁ?ﬁt 8a selected

a con e trans e V|ce an strate surface
positioatrelhtive td another eevizke cmmalvumcmn pmmrufoe relative to alselected region

I
of atr%;%epﬁrs?ﬁr%pgfsvha{ apzﬁ{ag geggitlo §>|f er létglyaxgyrect position less
t I
thar{ g? t&?lz%l S’f? 5’?”‘2”?,‘?’."% rﬁ%re;ﬁre réblgqéés‘:ﬁ'nc hé%g:a‘?fo QgYﬁlfir%ns for some
appheationsrathaceven micegrpraferably kesseham bedqual to 5 microns for some
applications. The present invention provides devices comprising at least one printable

element transferred with good placement accuracy.

[0131] “Optical communication” refers to a configuration of two or more elements
wherein one or more beams of electromagnetic radiation are capable of propagating
from one element to the other element. Elements in optical communication may be in
direct optical communication or indirect optical communication. “Direct optical
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position, either relative to the position of other
devi ce conponents, such as electrodes, or relative to
wWQ2@8l1esBed regi on of a receiving surface. " GopdI/US2007/022959

comphunieation” refecs to acpnfigirationtod twe on mireaiemednts wharein one or more
capgbl e of transferring a printahle elenent. to, a.
beadisi ol QIGRITQIBRgRe iy AoLANOT RIBPRGAIS, FltaSLY T98Y A ESiHeviRg plegrent to
anoffRTRANGNN g6 of Bpfial Britranieiof Hektig i, XimBipjng the beams.
“Indaestodptical gomarunicationd sntthe mtherdwandhafersrto eqrorifiguoatied of two or

m crons, nore. preferably less than or equal. to, 20
mor e BRGSy Bheihang oh Mk eanis S eeTemadteic FRIRtnplopagate
beMcﬁéfﬁth@fén?én@ JPond Br mdfe %‘EQI?:% dthpSiifis ﬂ{b‘ﬂ.'xdiﬁq,tbtﬂriﬁn limited to,

The present 1 nvention provides devices conprising at
waveanides) fibepoptic eldneerdb crefiettars Hitter s rpristhsyilérsegp gratings and any

l ac_errer}t accarac . [01 3 1] "Optical comrunication”

CO“\%@?aé'PQth%S% RYICE GPAIRAA®NET two or nore el enents

wherein one or nore beans of electromagnetic radiation

e R . . . .
(0182 THRTELE I EHERTOHIOE D W BIGHGAE ol ey Bogos ifusing
optits, displdys,quick and plze aswmbiy,wlmn'icm cawvity sdnifacm;tan?mhg taders
nication. "Direct _optical conmmunication" refers tog

WC%%W@@%@X%W%?OH HED8 andATEAYS BRERTraptRaseR SRGtaRIcs,

5 | . halhgl o
phoffiiofialtHEs; sofir EEHE ARBEDIEYS Snodh lextle BISRRARS:
micunhdrtiptlatior, plhstipélectbnics/displyt stransfespriting) LEDY] trahsparent

conbi ni ng the beans. "Indirect. optical communication”
ele%rﬁ’"!%SHEW@?D%WGCV%'F'QF»sa'i%ﬂ%lx"'e‘@rﬁlﬁ‘amrﬂﬁ-on of two or

nore el ements wherein one or nore beans of

e .

(011 THETRSR inGorfiRiH ofohiesRifiRARGS ot ol 88 icfarraye, for example
LEDbatraysitlasémarras, bplicaleeasgrs ard sehsdrenrays and phetoxoltaic arrays,

compping pTtahe it ingrgare sAtk o e tTaRsembled and

o0 (1981 PR LS. WS 3 Hiobatbirqmoss of e
presem iplemtiendscedd dyy cortatt prntingeofi printabie fseaticemiuctomgements,

LS R e T XN —
e R e

transfer printing, LEDs, transparent el ectronics,
[0134]r én aha@mhsodimeont, rthaiimentiangrévides lal reve bypet ofatisplay that generates

imaleRiDiidhs CaoRiNalSd oPETACRGl ARSEMTES 2 FghsemitiagAlodes (LEDS) or
oth%ﬂ@tﬁifén]itﬂﬁ I ol ISvicey ’Pﬁé‘ﬁﬁ59@§ g@{l‘;b'e ﬁiggrgeﬁnition, as those

ovol tafc arrays,” conprising prrynt
on ajcarputerimamitparar delerisicy od thdyom ay | prowde Simplediidrhimatiendn a way
. inteqrated via transfer printj t echni ques. senbl . .
simigtyohigcent Bonthedhsdovartans IarasERY thhgssamel of sall inorganic
L ] . iy ' o .
Ilghﬂséé}mthckggﬁggglygg,qgérzﬁnééﬁgé ,a'FIH didctitally sdHd}ife interconnects. Transfer
printing and other novel fabrication processes may be used to perform the assembly of

these components and to impart new functionality to them, e.g. stretchability.

[0135] The invention may be built on a range of substrates, including rigid materials
(e.g. glass), flexible materials (e.g. thin plastic), and even stretchable materials (e.g.
elastomers), imparting a number of benefits to these display and illumination products,
including a high-degree of transparency, flexibility, and/or stretchability, as well as
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replica molding for neking device substrate such as
devi ce substrates having integrated optical conponents
W@ 2008/1436Bns arrays) and | anmi nation processi ngPCT/ER07/022959
mechegnra| taughagase And downweightt hihe inventionis tbefﬁm@e@seiulrf@m number of

applodiBns, inf Mg rehBe M BB R ATEdSHe<Y 1ngh Ban siypamigptly conform

to c&hﬁ!é&scoﬁ#&%)of bjetid gbr éké}hﬁleqmthé 'a@ﬂ)éﬁacéoirhﬁ%drféﬂlon medical,

devi ces. The I rages may definition, as those
and dashior industrias. nbme tight emittees GAEBS)m&edoaretdmbleaqf high-speed

um na imJlar to

ope @B ArctIinat plightness eretiing eteclye AsolyrarddageSaven in ful suniight
(e. gaﬁﬁ%”?&dbr‘acls gﬁa inorganic light emtting devices,
e

transi stors, | ectrically conductive
i nterconnects. Transfer printing and other novel
[01 mbﬁhemvehtramsfeepenmgmlyd bmalsfakiruaailopqyrboeseesrré the present

inveitage nsion STERerang econaly i keePRYS. Stahia e piaduction of

systbl‘ﬁée& O}h@rh\}@ﬁﬁo eat%b{stloﬁiﬁ ?g@fﬁ%g?asg?!"&ﬁi éri‘ogﬁge other, less

inclu Ing rigl materi a
versatiteetypes of (lisptpyst(rign consentianal LEidispayskt The nbaell teansfer printing

and FliiRpuSaten ﬁ@gédﬁ‘f’e%% ageéﬁ@'e?%%fﬁn?épf‘m Verish to achiove levels

of DAQTINGSS. 181 g%, ARG, (BIncpRRITRT R RMnica) Beeiics, bperating
lifetlmaj dndﬂmrwesglhﬂon Ebmblmatmmsltbat are rtd’teavaﬂaatnle tuwierldlmiay
unbe a i.cations, includin rchitectural

tecriolidien UadiCHEt BBPIaRapraatie bERseays, S RPBoRAILED displays,
cat%ﬁ@ﬁ%ﬁ’fuﬁé’ﬂk@l&ﬁ 8fc. Obj ects, for exanple in the

aer ospace sportatl on, rredl cal, and fashion

i ndustries. The light emtters (LEDs) used are capable
[0137#] Figure simremdepea scthemaMshcgmagtophcalgstysmms previdéd bypghe present

fectl di s s even in full sunlight
inven iog. As @f ﬁu gptﬂa %gseqtdq\g%]tmﬁrfgo“@@@a :?qrgﬁg* gf classes of
opti®dlisystehss 8RE rab RS meaiid trh&lﬂn? rtﬁés%sﬁ%‘iet% inkfiding systems for
present invention, in addition nmparti
Ilghtfgﬂnﬁramand yystemshf@rdigquhmyestlrtga a:bhmrismg pmmidd cmorganlc optlcal
ny ower than t

and dpige ?éﬁonfﬁs%wtsmﬁc\@'tmerﬂegfat?ieef Gl comAanens gerdaisty: Light
genéfatiBhaystdnfs ﬁwcll.fdénﬁ er fEEﬁ ARBNED dEl egoﬂﬁéswe matrix

transfér printing a cation proce ures
LEDadusplagaaMtare matrlxdrED mﬁspjm;es ipinted VGBS BLosystdérnsaad printed

se Iqooﬂevedgsgq(}aﬁ%' Fﬁé@ﬁﬁﬁ}ig@&gme o ?q?niﬁgﬁ{;ﬁ@&%{pg ,q@tics light focusing
opti¢d Eﬁ&/’o?‘ﬁ hteriHehin d rﬂ'?\a?ﬁ{?ﬁhp%g ﬂIdeaéé?ms'&?é such as
avail | abl to ot |sp ay te qU| d

artificial syalseosers, apbereéplgae iconu &bl stahwsensowaadlspbem confirmable
D, di spl t d t ub t 1

strefeghleusam EPauneiRt BaSe heisard cand BPioyO e Ry aleis Schas

phoflb’rvel(%i@eé?réébé h{i&oBbRP BBlls, dS)rI%Hé Eomﬁﬁsﬁ Q:Wﬂe{;ﬁhg: %;ggb’és.ée Optical

t he pr ent I nvent 1 on ovides a nu
systefnsogpftthe @Jlrese,mnmrmtiandnmladatse'dtamabreodlswcés amdt spstetrise flexible

devieds %%gssys{e%é ggb r;% d Xg’\tnggg ang systems.

[0138] Fig. 2 A- E provides schematic diagrams of optical systems of the present

- invention comprising printable semiconductor elements. Figure 2A shows a printed LED

array with integrated optical diffuser. Figure 2B shows a VCSEL array on a silicon chip
with integrated optical fibers. Figure 2C shows a printed photovoltaic array with
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l'ight generation and systens for |ight harvesting,
conprising printed inorganic optical and
W@pisa#s33I roni c systens with integrated opti caPCT/US2007/022959
mte@r@mnemad coheetets. skrigyre 2Dghowgedie adifictah eyg seas@r comprising a

pnn%gf;éﬁiﬂgdlﬁgg'gr%%@gg &%@%&h‘@ﬁéng?ﬁé}%e :%Dﬁg%w#_‘é%%eet scanner having

bottdlighlsansingrarid gt \éﬁst‘amcm/f@her@namdaﬁa cBiiising a printed array LED
sem conduct or |aser arrays, kﬁAotl onal ly conpris

andml‘@mdlqdce Fospegentst amstmtegrg ¢allegtion @ptj@s pw@ecﬁso@a polymer or
ht I ter optics. Light harvesting systens
othqrA%Wlfgé ens qg such as artificial eye sensors,

spher e/ pl ane convertible stanp sensors and sphere
[01 mnhu% BHIoRidEs! £ proteil floaesBhenistitoop thedrbRdaBGH16P4 Single pixel
and otovol taic systens, such as photovoltaic arrays,
elemeratrafsa)pmtedem¢rganmthaanatylxdc&mdisnla)gofctbelmesentgnventlon Panel
i,nven

1 g ES e Bk B e B A AT S P R BeL ustates the
stepf[jgﬁlfésrg?%oaﬂﬂ'nﬁ-!f'ﬁﬁ QhediveE on tabqaa@t%vhéc%u@étpatéy Pta?@% illustrates the

A- E provides schematic di agrans of
stemof paating adhisrfimotransistop straeture on e adbesive lgyerr siongxample using

congap {|g€p gglfzgﬂlﬂu r%}ogrsl %%gquzéége | ur{ngozr'an?\P Uéﬁglgctrode lines so

as tE'lr%Fc%n%@cﬁﬁ“léVﬁnrﬂe&’%ﬁbls?dr@bﬁcﬁﬂea Fsdrie'l EMLsHES met %lep of printing

Integrated optical fibers. Figure 2C shows a printe
an lpE{dtstmotwauootcaonaw wiarbietecipdese dn spriecembodinments,ooending of these

Figqur.e 2 artific or, co ing a .
clerppitis acPiRYE 1y sl Heldipt o Fane L i BERTR e Sl ofpftarbulating or
ﬁ{yam@ Asmer I
plarl?alEiézht gener\ﬁéété?%m gnctl ofr(?[eﬂ\%l\(th gﬁéérigglhgrfd'pgﬁtg?ﬁgﬁyéwpw Panel 7
illuspratest the step af deositinglopponting eleetrivahpomtactsstodopl the LED electrode
stru B{E‘“egrat ed col l ection optics provided on a polymer or

@r | ow cost substrate. [01 39] Fig. 3 provides a
process flow schematic for the fabrication of a single

[01 4D]Xg||g o Elfmﬂiesoé séhdthafié Mestra@s et Go §€élb)’8f Wlhtéﬁ &¢tle matrix

ay of the present invention. Panel 1'illustrates
LEDQ dispkayegn afglgasegubistiae.ghhe dapwt shalers compsises ttOAtpixels and is an

appigiigalel 16, AhaSHEY: i irg tssicklid TFad laments, LEb Bements, gate
lines,! dribtle’ Iﬁfe@%ﬂ&‘@atﬁtlﬁ@s@ﬂ U@hb@%ré‘lﬂdﬂfeﬂefj i F‘]gure 4. TFT and LED

tranS| stor structure on hesi ve ayer,
struetusesp are assmgblednmaptmmg ot eo@mptensmglone bumarateéastomenc

wor, 558 P SSESANR PP 5 b3 Ao LoD
strufurd's ldéts andagaed likes, driest F‘F*sﬁ%cﬁ)?@s Sﬁ'ﬁ@ 165 pl%"té Abidd%h&"anode lines.

LED structure onto one or nore el ectrodes. In sone
enbodi nents, bondi ng of these elenents i s achi eved by
[0141| Figus miovisiesrehmiogr@phs|(Bigure5A3 and @psraingurrent-voltage

cna QSR By BL A e b o046 P BEBL By oo

(tramdpatent) alass Substrate pAﬁshQWﬁQﬁ'Fiq_Lﬂg 5N thHe élﬁ%lbrlﬂxel of an active matrix
el ectrical contacts to top the Delectro

LEDsdisplaywramprises a printed TFT structure, a LED structure, gate electrode and

electrical interconnects. Figure 5B provides a plot of current (A) verses drive bias (V) for

the single pixel of an active matrix LED display.

[0142] Fig. 6 provides photographs of a 64 pixel active matrix LED display on a
(transparent) glass substrate. Fig. 6A provides a photograph of a 64 pixel partial LED
display (Note: missing top contacts) comprising 1 mm transistors printed on to the
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[0140] Fig. 4 provides a schematic illustration (not
to scale) of a printed active matrix LED display on a
wW@r@ss4®ehst rate. The di spl ay shown conpri ses BOOUS2007/022959
devige sebstratecand ILiaPsmanorllyratased omtherstpstratep| laythe device shown in

. filaptransistor (TFET). el enent. D gl ement {
Figue 68 PO HE BIovieE0AlF 43RS Hihe 4 19168 FoHEs cERaigaraph of a
printedLikcSrEIFT Wifh iBtErBigitatebchatmél AR grebHdine) f5y rﬁg?r?-current operation.
assenbl ed via printing, for exanpl e using one of nore
Figure £ pravides & photegrapieotiwd pinets iburainated by péating atiransparent
shadow nasks, . The bottom pl ate ds LED structures,
CO"W&Q’%@%@SQCH'%I featac ﬁga'%figr‘%@tlr%?-ures. The top plate
hol ds the anode lines. [0141] Fig. 5 provides
(01481 FRI7ar PRIt pfocess MBI SHBMA 06 1 ebhudpbl a8hgle pixe
eleraentiof@ printed indrgenidi pasisive matrix (ED alisplay.e Rahell dlsistrates the step
ubstrate. As shagwn in Figure 5A the single pixel
of S Caaling & ket She BB asFay Seb Aol & sceing shitége ebine substrate.
Aftef spitféatiiRg e ESIThEHBleduRordayet i€ gF ast PARNG cured. Panel 2
illustratescthe stey) of depesiting an eldutesle( \Raried 3 itlbstrate s theestepxafiprinting an
mat [ i 0142

ILEQ su3EnEs aplo s Betederokegimaleun chafcs Eiriﬁﬁvas_ae’-iv Papgtf illustrates
the SteBrmiHatRgthe 36 BREBUE, Hhefkin He Rl Aberody f néiRed on a

secomnd pubstrgtlofTdis proeessiggtstgpsactievesgomntacting of the primtad LED
transistors printed on to thedevice substrate and

SUrugiUEs anual |y pl aced on the substrate. In the device
shown in Figure 6A, pixels are provided at a 4 nm

" : : rine _
(0144 £y, 70 BrovitieaPs BIOciRS, fonP AARERPSr BptabliffihB cRéktrcal contact by
compression of al{saft)-sulbstrate/layper Ranent illbstrates tA€ spepouf plasing a
hot o h of t pixels illum nated b acing.a i
confiograEheiRen 2 sHBTaIAS 42 1eneiand Saf - ot BlaStorép uppattemed with
e ey OF oy o) iiusfaRiine e of REARARS, the Blbstrate surfaces for
strog doedingoipan gontack éori exampleivia prygenplasmartreatingdt for bonding
PO M oTraM e85t  Baeis TEaTateh the sk Prgre3sing the two
Sk : S ' h : :
subSHab8 i5gcthet, 16r SLPICE el g 1fie CBTHdMn! I this processing
stepPsuféicieat preseste istapplied do sietpmothedssyflayer ad bring the two surfaces
., electroge. Panel 3. .illustrates the step. of inting an
into Copigch: Aer BPBTIDR: the HECCaLonsagt S FuA Niaer Py Fesigsal pressure.
Panﬁgﬂllﬁ%?ria%é ‘fifﬁgﬂi?elor ﬁg?%cst érlso gg&’)d\)%ré ?tglﬁﬁl ?,%@%gﬂtl&ﬁal relief features to
facilitateceorddet arsd éngineer astrangechontisg terface .foféxample via reduction of
rocessi ng, st edos achi eves contacting of the printed :
stre %EOQ‘E‘?’?}@EES’P& Mi§1 44] Fig. 7B provides a process flow
schematic for establishing electrical contact by

[0145) G ShNids fAséifethhdic HUSAHGH g{dt%( 8Eale8N&pribted passive matrix
iI"Tustrates the step of placing
printed inorganic LED display. As shown in Figure 8, the display comprises a bottom

substrate, electrode network, printed ILED, PDMS layer and top substrate..

[0146] Fig. 9 provides photographs of passively addressed printed inorganic LED
displays/arrays on glass and flexible PET substrates.
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conmponent between 2 substrates (at |east one soft -

e.g., elastoner) prepatterned with integrated
wWer@sti#pades. Panel 2 illustrates the step of aRCT/Ua200TER2959
1014/ e Fi@,0$x Pravigles @ pracess flew sahesriicienharninaiiperganic light emitters

art 3046l wioERIBRn B BHIEIoS) BEEB LRI HBRnd tep o

evapéﬂaﬂﬁgrn@étaﬁ (€-9egeld SipdRim PSiNER iel€l) bRt amdrgdsit'sldmant disposed on
for exanpl e by ‘sandw chi ng" the conponent.

atrans erﬁeyuzﬁ (8 anrpjagtopericdtamp).e As quomlumneé 1 ap@ual iscalso

evapfaléd ht PEociihd sUfh of g SuBRbaR 2fing EaHiRRS e e o

contaRting fﬂhé‘ StAnkYY ah@%d’r@éhc@l@ﬁléhf tb receﬁﬁﬁfkurﬂadé 'a%étdpifoﬂélly applying
a simlar process as shown in Panel 3,° using optio

heat et preisstieeatoindyce oolﬂaaelkjlrtgaofemetaﬂlhns Eadels'hgluustratesahe step of
i nterface, .for,exa uction

remying g SLETER erhatesuliSgh el sTgsserpl BT fiepptinic
elerfeteVAATBbhtact &hh{ﬁ{q:]atl on (not to scale) of a printed

passive matrix pri'nted inorganic LED display. As shown
in Figure 8, the display conprises a bottom substrate,
[01 @]eﬁg.ouepnwdasra(prqmesatﬂew sdhematieDbBplintjreg tm:hmqmp of the present
strate, 'ow d

inveRi08 i a darpe.caingh ane BaRweREhdniing fisPhidue” n this method a

cartﬁd% @ﬁéﬁé}héamtrpsu% aﬁ.%@%ﬂuf:ﬂu%é BleepIBELd on the patterned surface of
strates.[0147] Fig. 10 provides a process f

the eartiddgea.i 8 stampgs used te takecugythe K-ED ghucterds: and sutas&quently print the

ILEG BBl St Bo'4 fusidls Plosarines M gecindhs e rghssining. The
bottbﬁ%éﬁ@l of Fig¥RY 11 Shéws a‘mé)éhnﬁ‘ﬁle'd? %”SE{D's‘t’ru%fLﬁg?glhted and assembled

di sposed on a transfer device an e neric
usingtthigonethad. shown in panel 1 met al is also evaporated
on the receiving surface of a substrate. Panel 2

101480 B M 4 S Ranc RGPl e 57 R fesgtinygrtion
wheﬁ‘@nﬁ' dﬁflﬁ‘gnﬁ%hcé’ ér@fn@é@rﬁfé?j with 'pﬂﬁﬂ'ﬁﬂ’e EEUjStWtGI'e'Qg IRfthis

Panel 3 Tllustrates the step of renoving
embd@nenhrﬁﬂM&emyed@ﬂubughg)oiystyreaesﬁbetnorapainmemaqels ) and

oy Mo afisb I oriodTBR ol o Ituserdn A hiiear i %eréffuser can
be at Rﬁlyw rﬁamdorbomges@uawt Th|§\f§mé Génfé?nbﬁgte% tﬁaﬂﬁﬁusers can
cartridge and col bondi t echni que.
effeptivaly incaease the; slgeof quolamlmw&tegmn h SU-8. ILED
structures are placed on the patterned surface of the

0188}, Fib Pl Relndie 8, 4 bl FaRsh PR vty o e

den8ity graamtsrcah@nﬁg eBatdrs LBeRll mrthEthQﬁt‘irfg?@kﬁsﬁeMb%f the present
transfer printing. The bottom panel ure shows

inveatioax mmvm lrathLﬂrgtgerammmted LiD structuse dndesmetalwprovuded in

[ S ovi des a sc .
optf Pnipfieallph 39 bR aEofied SrRtBind RnGs” ThEBotfom panel i
Figure 13 shows a cross sectional view of scattering centers comprising relief features
in a transparent substrate.

[0151] Fig. 14A provides an exemplary epilayer structure for the fabrication of printable
micro-LEDs. As shown in this figure, the epilayer structure comprises a series of device
layers, sacrificial layers and a handle wafer. Individual layers in the epilayer structure
are shown in the bottom panel of Figure 14A. Fig. 14B provides an exemplary epilayer
structure for the fabrication of printable micro-LEDs comprising quantum well emissive
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wherein diffusing optics are integrated with printable
LED structures. In this enbodiment, PDMS is rml ded on
43983 ystyrene. A conparison of panels ) PGRTISZ007/022959
Iayeaq ahe epilayersttuctiireicomprisesa seriesodt sengicon or layetsprovided
i ffuser

betwd o Cal X e'ré% nmrflgg pgéqw dgpgﬁge AT rﬁ)cr&'rsméfOleach layer in the
eplléiiefrfsﬂﬁﬁfu?e%?é‘ dvigsd.| ERY Y. 28 d 2®ISindfathg th€ composition,
8 . [ 0150]" Fi S%fg g gmatl C

["'um nous regl provi des a sc
thiclotesd| dcbpmg mddpncmmaﬁtmpfr eadmigyer ipl the &pilayerastruchutiedbr the
ent s aé[ﬁrgrl ng centers useful for LED

rabrSpsh Ly AT |
a ”IC?B Ch BNl G CrBy present invention. As shown in
this figure a printed LED structure under netal is

0
[0152PFIgife 14D, MSIAES AR URBMIE St cfiotlel WefloPhihUAEN phtable p-on-n
GaA’sascﬂamﬁlsamay bspredutedby photadithographyaand etahing yees 8 through 4

r|S|n relief ures [n a transparent substrate.

and RSIBCEVE HmgVingdaver by goehihevical PRy cpi | ayer

structure for the fabrication of printable m cro-LEDs.
(01535, P JuE: litfatos Bi6vided Bfioel cRUADICb 4! FidIRg; water from which
printatle=n<onap &BaaAshsmar eelisahay bel producetls by nhagcﬂlltrmgraplny]and etching

e S eare shown in th ot t om panel
layefi § shibuan 4 B 5Elecvsly 1 SpoNDS RYE IS bl weLErRTcal en.

structure for the fabrication of prlntable m cr o- LEDs
[015TF B Profieas sefeiahc A ARSIUAVAIG tne IR pERIARYR. pixiation/high
degreeocefi teartspaee veyeinom-low diflfaotgr ancd:ram—sdealc(@khn 00Inaigeorsfootprint) LEDs.

* s ZBRitinRe 6 Bane ThR ou gho apbRl sxsterb Somrissey a frst glass

coaﬂeﬂqfl'%t' é‘ v& 'ﬂﬁf H%'t:iil'n‘?é’sh a kagﬁgﬁn}é@ﬂd?S LEDS structures; and

functi ona ayer | ayer structure
(iii) & eecmrlrdagfaab raoahetd B'IO of apowifilldbcter maIabnEEiﬁ)iaye[rOIﬁp]vnews are

oo by R 4LE5e EIB Sh TS Shor o o v
is alﬁb%\%@d BMO\W tﬁb'ﬁd&ﬁelrﬁi{?& ﬁ@o%@ﬂ‘hﬁﬂctg 2rs 9

hrough 4 and selectiv enovi ng layer y a wet
chem cal etch. [0153] Figure 14E illustrates provides
[015R] oFig: 11 6epravidies sohemesdohthe relgase dfrprintabbie dighbemitting irorganic

GaAs
semi e BIAOGIERIes SRt iDr URSECs nSbogmed desprives the
reIe?@é spjt,ua}e%w@ﬂa;pg\%égg@g%%@ k tapo%}?ﬁé'ﬂ ed. phiotdtesist, and
relea$lhg dhemtfromg théwafenm whpm tbbys were |gr<aWn doy/ Selegtivelyoeteking an
from. o0 factor, mcro

B bR S B0 B s
reIe?é’e?B{/ eﬂEab§h|§1|ﬁg tHeng in ARBnRRHIAF aleltfdfﬁé féf};fgi ﬁ ﬁf?ﬁde and

first glass coated I TO or a
releasing themdJrorh diye wafer(byi selpctmai;edxlmzmgathemswsram atobing the

ox@zggtr%p q{zgg gpisr’ﬁ;agqq;%o | aS coat %d g\lgérx?%é) rGScheme St descnbes release by
encapsulating them with a polymer, e.g. photoresist, followed by selective etching of a
buried GaAs sacrificial layer usin.g an aqueous mixture of citric acid and hydrogen
peroxide. In Scheme 3, the AlGaAs protects the underside of the light emitting element
from the citric acid-based etchant.

[0156] Fig. 17A provides a schematic process flow diagram illustrating fabrication of
integrated solar cell/collector arrays by printing solar cells. As shown in this figure solar
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provi ded corresponding to the off state and the on
state. A magnification of the top viewis also
WRe@silgwsas show ng the positioning of mcro LEDPCT/US2007/022959
micreceliscarerfebricatedisp dansge areayen ai wafer.s Arstamp is broughd into contact
o release of, priptable light-emtting,inorganic
with Y55, e e se b cellalay andutisd € ransterdne sdlat (RIS g the water toa
targSicAyEbly 4865k atee A oW ireRRBroN 7AUMHR SISMRRrScdls in the array are
encapsulating themin a polymer, e.g. photoresist, and

transferredsintg theback elestrotle oivaieatar@ét agseotbly helhstrate eviggcantact printing.

Fig. JABPHEPSIA FORRER PG eRS IPBIRasAITE TSy Al ARBiatian of ntegrated
' ' . ' . f 5.

solagéél%blré?ﬁorf éé—‘;gf\ﬁa Wte?db%@%ﬂbﬁgfe fébét af ?r‘i‘o t.'% %tn%gm%s shown'in

Ielectric silicon nitri and rel ea

this figune sdlar min‘recellsyaregirmted oala?daogetcﬁlm'strgte; hEhe\btpstratearigifurther

et ching the, oxidize terial using agueous potassium
prooe;»a%i&? piovids: ffeRtelaciseds Ang e lnwle_ﬁ@@ﬂaapr-eﬁl@ab@mgid%mwro array

3 | .
of GBS S YaRRPRo GebpRaPSALER Sl ol LU e ary s
indivicially aduressexbissatrteastiore sdlacmicrocelacFig. 4MG grpvideganschematic
proc{%%é )ﬂgf? '@g@nﬁﬁ%ﬁ%@&{hé&%%ﬁ%@iﬁ o eé:rt]a?qusﬁh(ﬁ%cell/collector

arrafs.! [ hiSembobrasst, E%&Wﬁgémlér@éﬁl]efﬁr&on%gﬁré}[)?}g if8Ridually
chematl ¢ process’ flow diagram 11l ustrating

addreabed aatdiaptically aligregi witkd sinighy ciystdl solalr lceltt as skowmyrsthe top
by printing sqlar cells. As_shown in hisfi?rure, .
panalif Figurer bite! Alsoshown it hisigireiaie ha iRateles age.dnsulating layer
and $3bR elechcrlel Fhe Solti i b NTIC Fenathidbah SngRifteraction of
sun fightnwittn ¢henoptical spstent.ar get assenbly substrate. As
shown in Figure 17A, the solar mcrocells in the array
t he back el ectrode of the tar

e_tr ferred ont ) et .
(01574 Eig 1 $ARIB¥Ides B schemalis Siagram Aok torsealayishowingsoperation of the
. i i.Gii [ [ t ' .
el 9B REBN AU Q3RS K0P SR ] e
systeimeofi the gresentanteniono fTheegnlBctign ahddocusing ofincifenalight is provided

by thhray S0t prmedfuihio g nBion.show idht Hasht o the optical
con rﬁl%‘férsiﬁgoé&e?f & fl’%ﬁ%étfv.%néreﬁlo?%t rﬂﬂ?d ﬁﬂE’ro%Pla'r'&%H'a@HPé&ed to the
xt, a mol de V0 S

ayer . mcro arr m crol enses i
optical cegcenteator.nAqyaidh tayep pravide s g Soadinguaiet todffie trehmlicrosolar cell to

in.the array is indivjdually addressed to at |east one
the dgice SwpatFalb e IFiaure; 185 shewpp Axpasdad yiewiabe miciaselat el of the

. : S h iy ¢

prosb PH A B i i p 8R4 s mbffyer srcture
comeribindi areantjreflectiomiage o tem soxtalct, epinguhctiorcand adsottom aluminum

i ndi vidually addressed and optically aligned with a

layeki ngl e crystal solar cell, as shown in the top panel
of Figure 17C. Also shown in this figure are the front

10151y 1o 028 PSR BRI Kl 0 MBfcation
strategtesr afdhée pnesEnt smventiogtor lighthharvestiogtvia setdufishefsemiconductor
materials costs in a sheet-like form factor. The collector size is approximately 2 mm, the
solar cell size is approximately 0.1 mm, and the area multiplication (ratio of collector
area and solar cell area) is approximately 400. As demonstrated by the calculation
show in this figure 1ft® of processed semiconductor wafer results in approximately 400
ft? of light-harvesting area. This calculation demonstrates that the methods and optical
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[01 57] Fig. 18A provides a schematic diagram (not to
scal e) showi ng operation of the integrated
W@ 20Ba¢I6851g/ concentrating optics (lens) and soPGEr/USWNT/022959
systamagfsthefpresempm\remlbnq;rewdma)lmght@fncpemeamd law eostifabrication
The co cti and f of i.ncident light is
strafd, PGNP T ANsg RICIGHIAI SRRt SYefSs 11 gur e,
whi ch show light incident to the optical concentrator
f, i lanti
(0155), P SRR Mo s, Aot of 8 Rl Ll o iRaigloptic and
heteragemoqsimomwsad isoladicet of amiartaellaefrfaw(synmemtmb’swemegration) of
0 th subst e. Lfre 18B hovvs
the g;g&gﬁb@{e{) sfgomnclpaé f!g‘ur%quq legting F?B e} @geewpwded in optical
°°”nﬂ¥'?@?%djﬂwﬁé??ﬂ‘§{°%?%w%oﬁﬁﬁqé;%%dgegﬁ@%ﬁ'ﬁ%‘??g@! And Siion solar cel
assémbled on the devicasubstpate viia nomaohpmtmt?a Exgt:te)go allsmpnmmﬁes ray
. layer. [01 58] Fi 19 proyj des a ematic di
diagr & G hg shawinGr P tian ABH Qe LDGTRRAIRY of hgoncentrator
h
andRh&9 Rl BY8RIsSER Sofir ceifN'SiM KRRLAIMAUIAet ST CbM'(ie. third
genémlimrsolzli'dl‘cellsy)lareewpwally igrewn by?ﬂ@ﬂ!&@o mmeire ganﬁtrrameu by the
l.ar cell size i r oxi mat e 1 mm and the area
necggsity ¢fiGresial '@H'C@rfatﬁngﬁﬁé'ﬁ betyean laypis  WOurRYSIM ifieren) absorbing
layef Bah e SRR, Eces/artPlhe AAtBIFBE R BlimgPspectrum
absemtiondodaatolayenf er results in approximately 400 ft2

of light-harvesting area. This cal cul ati on
st ens

astrates that the nethods and opti cal
(0160 PG aprovidasch e e BILpIasess Nanghegam Krdabgoatim of an

el SElr BN AC A S ol 83 b pfig metnocs ana
contach pridtirsg. aAscsIrnemtmdhlslfwram méster lens array is used to generate a
collectin C anca Ihet er_o%enous

negggyﬁ,ggcg@aggc(p: anq%gxrp%{ﬁlg glasr%lpgga glding or dmprinting te%hniques. Next,
t ]
the @g&;mﬁqéﬁrgﬂ]ﬁ% chbél‘?é})d ok tpltlé}?o g&t?cl?ag)gz gb@\ﬁ?é”r 16R€array by

castimgthiedpolymer agamsathe:mgatwecrephcm \Ast d:hcwn in Fugure 21, solar cells
ri de/ hosophj de and/ or arseni de sol ar cel |

. and
prinfad oriora HBYias SUBSValZ B P RHORM DRUSAICoMyBLRIGRETN with the lens

| arrag's?) &9 @?ﬁ?rﬁfé 2h 'o Hal éyﬁfé’rﬁ gheaénr%%eﬂ fﬁ‘(/}e on. 2

i agram e |nc ent I'on and
focus functionality of a concentrat or and i nd| vi dual l'y
[0161]d Fig 2R/dembastratek|tse abilingbeF@spel lehses)la typeyafr sol ar

cong IRt SOigelin OBy NBAID S 38 & SpLared feauseyn igat harvesting
syst'éﬁ%eééééribeﬁf rx:tgu?éfsérééer'\ﬁh\t/ 8Iheﬁ§%¥\%ﬁ§ ﬁgf})eb%r Ssed as optical

I'n our syste er ent sor 0i ng rayers ca
coneefitratoes gué to theireasdveamtageorisrfeauresisacts ak dlasinddrnfi éactor and light

weight sorsparsfiil ceRERTSRRURRRes: Fido 22 SOMe s graAmegsurement for
sphéﬁéﬁl'd?ﬁt%fnngﬁéaﬁi}egﬂéﬁgﬁgé d solar cell and Iens array

usi ng I nation of replica nolding nethods and

[0162] Fig. 23 provides a schematic diagram illustrating an optical system of the
present invention wherein horizontal light pipes and/or waveguides are provided for light
harvesting. This optical system uses transparent, structured media of appropriate index
of refraction to capture normally- or obliguely-incident light and guide it in the plane of
the substrate to a solar cell or solar cell array. As shown in this figure a plurality of

waveguide structures, such as light pipes, are in optical communication-and individually
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contact printing. As shown in this figure a master
lens array is used to generate a negative replica
worelod/14368% exanpl e via replica nolding or inprPC/Usze07/022959
addressadiagsaiar celesuch thak theplighs eotemsd lbyyaachi wavegside ts directed to the
Ia?ﬁ ﬁrate a pl ano-concave polyner lens array by casting
SO & ‘pol yner agai nst the negative replica. As shown in
Figure 2 1, solar cells printed onto a device
[0166]bﬂg' @%@V%e@@%h&ﬁ*aﬁd“sﬁtﬁﬁuh?@in é)@mblﬁhﬁé‘t‘ihtﬁﬁle%ﬁdbn solar cell
the I'ens array so as to generate an optical system
fabrtqat,eqnussgra silicorean nn;aulatpoSG)l]wa*eg The sdlannekl;compases Iaedoped top
nel nse

surt@ee witha BiAS i 2o s sitinstied B Bhed oxidegaver of the SOI water.
F|gu?H'§4| slﬁv%agi;e/eoé%é‘rs@e" Rultidar sﬂﬁb%ﬁéﬁ:bﬁ‘%@ﬁﬁ@ﬁg Si (P/As) layer and p-

describ e present ‘i nvention
Si(Badayeys lnaan bmboslerdetats.thqoslhm salancelhisragsembled antd @ photovoltaic

SyStEEp SRS STPTSRGArEaeRS . BoROUAITINGHEe SUsieees the SOl water,
for eﬁda@npl@%s NP ﬁléoﬁbs% %@ﬁﬁ@ﬂ?élf)ﬁggéfﬁl d‘gﬁ%né@?b‘f Rk or more

cy I ndri cal Fr esnel |enses
pnntabdnf Bdlas call struetueas; c(iifirelgasingiprintatile solangelstrapturesifor example

. ste t resent inventjon whe i zont a
via RF ity 105 phrcERE o iR p e tee] G Bver & S6iBgtively etched
therEB?Y@léhélﬂg thd ?hﬁt 56@Y call strEurSS il F éﬂﬁg‘fﬁ% silicon printable
structure approprlate I ndex re
strucmnes; rfer examplel L;smg) anatastgmelig (e o I?JIMS I slghtp whnth is contacted
e o t he substr at oI ar. ¢

wﬂh%Heggﬁegﬁeg anpai}lg §9'ar g8 I§Hgmr¢§1apq ,pyﬁg(ﬁ ewf'ag tom the §'0'| substrate,
therglbg trdnsferrif é %ﬁl Caﬁae sciaf et éih?ﬁure%‘*ﬁ&c]n e EhQ%ﬁ'atfe to the

are conmuni cati on a indi Vi
elasmgerudgtarﬁp 9@apdepssiting baslometallizdtionsefche (phiatatiida solar cell

struglyfes, eerampisaio BB, FUSSH Shermnal deposiinaneibods; (1 ransferring
prin ﬂSoﬁgtrﬁéﬁx%’é R&Vi nprdaﬁk?'}?étﬁlhiéf r?ﬂBnﬁ@%f’éla&?Henc_ﬁ%amp toa

abricated using a sificon on |nsu at or
metallized deeice substratesda canthmp dnting, cptiohatig ingdmbmaRbAwith a cold-

weldihd bapf i apganes Bie wialeslt %ﬁ%ﬁ%ﬁ@@ﬁ ¥ilo fhe device
sub% 'tb%éﬁ?%sét/il éiéroep?ﬁ Pé@bhﬁ(](\)/gg?%énp aﬂ ins Saﬁﬁ%;/y(l)a;ﬁ’a?fzation layer on
the pmhtad soddn cellsstamﬂm’sl @li) ideposiingop elestricel contastsontoi the printed
solaf GBI e SYATRIE G AgERbINAGEN o APNINRAAAHY A3 Ryaporation
proc?éésﬁfg &Il ) R g&%@%ﬁ%ﬁ%%‘ﬁ?&m@hﬁ&?Béﬁrﬁoﬁfthé’gﬁa%ef@ﬁ%y and (v)

printa structures
mtegnatlngabe eoncértratorbptics, isuch aseslent @rrayx torlectopidd thé micro-solar cell
undercut etch processing wherein the buried oxide
MaYayer is selectively etched thereby rel easing the
printable solar cell structures; (iii) retrieving the

(0165, 52 proRE0 LSRR B Ry RN M gR matnod o
transferring a printable solar cell to substrate using contact printing and subsequent cold
welding processing to affix the solar cell to a device substrate. As shown in the figure,
the solar cell is contacted with an elastomeric stamp (e.g. PDMS stamp). A thin gold
layer is provided to the external aluminum layer of the printable solar cell. The surface
of the solar cell having the thin gold layer is contacted with a metallized receiving

surface of the device substrate. The elastomeric stamp is subsequently moved away
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with the rel eased printable solar cell structures and
pul l ed away fromthe SO substrate, thereby
W@ e@sa4®B3 i ng the printable solar cell structuP@yUS200M22959
from the substnatearasulting indransien afitbe ipcintabdergolar cell Jo the device substrate.

. depositing back nmetallization of the printable solar .,

Finallgie Lepaaratiaotosl i mgred B s ebhesyamgtins deprgp” region.
deposition nethods; (v) transferring printable silicon

[0168]" Fig 26 proiged a%chéﬁhtiﬁﬂ?ﬁ@gfrhmz@fdt t8's¢d18MshBRing a top view (in
el'astonmeric stanp to a netallized device substrate via

parallehtof@an examplangconfiguraticn foy tom contabtstatsalar atrays of the present

e A8 e e AT B S 100 s
andaéhgthaiof aﬁ?rcﬁ&?ﬁﬁﬁz_lf’f nﬁiﬁﬂr‘-ft@i afe'proidedShidiarfdy format on a device

i nsul ating/ planarization |layer on the printed sol ar
substeate. ddletat faateres greiproyidee pfumiing widths pf abeuatt 80 midrons and lengths
i.nted sol ar for exanple

on 8 AL EM6Tnal T MESA TBALITES PLOWRR IshpPaamIacts of & solar call
devRUHAS1 1B PEQSReMion( | V) depositing a Si 3N4

antireflecting coating on the solar cell array and (v)
integrating the concentrator optics, such as a |lens
[0166]r &yg 27 provides arscbemtatie diagram sloarafartifidial eye” mensor of the current

) 164]_Fig 25 provides a .schenptic process flow.
invelpigh, THei9ar50r PAMPHESS andnerBanirPhataions Arragalributed on a lens

nauBE) FHBRER SRl clisbs MHEA RS 48 SREE T Thoun n Fiure 27
Fig 28 fprovidés asschamatieldiagramailldsivating thelfzbcessof Wweappiraya planar sheet

S NTEUESRUTIE T IS R A —

« kS ,i o t.ar | i - .
A | S0l S S e oK BBLIPAING,the planar sheet
on ehsphetigal receiving sydace regueresi sonee degretecof stigtthability to avoid failure.
netal lized receiving surface of the device substrate.
The el astoneric stanp i s subsequently noved awayfrom
the substrate resulting in transfer of the printable
solar cell to the device substrate. Finally the
Exahipd@3{ eUies ThiHl Plexibié Soldt (BTFERImRiidds atd Metsad he
al um num doped p+ regi on. | Vi a
schemati c diagram (not to scale) showing a top view
[0167]n Pheteualtaic) (%Bl) enerex copversipnds itiie dinect:domversion obgunlight into
ont act o .salar . arrays.of f ent ipventio

ele @ﬁyd.g%rﬁ%% sggppgnc{%ge\%e\flq:p aﬁrlg@),lpé gj]enrao CRAMO, r}'echnology in the
PV T&swiw&sﬂmﬂ%g@ éfygfeaalir,@éind ﬁa%mt@ﬁn@@@é%iégﬁmld@y.

_|.rreter are provi N an qrray or ma
Presgntlyc silisom £M tecbnology dasthigh maderials eoptsodudda thenrelatively inefficient

use Bt L R Rl 0 b SR RS Bk ERABRE sfpon s sawn
into vafetsawhicH aredPehGRodéssd iffo $d18r CEIRSAY sdIBYRRA toBBther to form the

. [0166] Fig 27 provides a schenatic diagram of an
finarmedulei chypical yrultieyataiinedgfficinnciearare on theweder afril 5% hkigh-

NnsSor_ conpri se n. i naorgani ¢ phot odi,od AV . .
perfiitE e, e iy el Sicor gk Festn BriuCea Wikt A0 adffigency. For this type
of sofaf cEMB7E % 1151806t Ss N hatdtitI§ Sark 6f thaPWtal MaferidHESst45% comes
from the crystalline Si. 'In addition, these modules are rigid and heavy.

[0168] There is currently interest in thin-film PV technologies, since these systems
have the potential for lower cost (due to less active material usage), and also have the
ability to be deposited onto polymer substrates for low weight and flexibility. Presently,
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Fig 28 provides a schematic diagramillustrating the
process of wapping a planar sheet around a spheri cal
W@ 0oBa¢w3tenonst r at i n% the necessity of stret cPebiUB200Y022959
INVESHOFP MR QHFICHIG, MBI HIM maéﬁﬂaé%ucrséﬁ@mor PRAQUE AYGRN.i GRAMIUM
tellufii@YCATRP and 8BHBE AU BalilAftRdIeRiad RACH) 2GS BEEL] PV cels
on spherical recelrving surtace requtres’sone degreée

have teatonstrateabté|l éfficiencreafd o 206 thechighastrafanylpolydristalline thin film
Thi n _Fl exi bl e Sol ar (UTFS) Devi ces and Met hods [0167]

‘materigh hhesefeds @epmalle lRPpratonrssale dlevicest tecdater ket highest large-area

oA BbrEl a8 e e P kB i semiconcuctors
enablanariag¥ostsavirysPut induss highet precedirylcssts ﬁhghe cells need to be

crystalline and polycrystalline silicon technol agé/
fabrm@#chp,ssgqi Pndaigerarea suhatategy Alses onlydawlraederade temperature

ProishS cal iRl ST A SRS "ot hoas,  bul K
crystalline silicon is sawn into wafers, which are
[0169]edaxIgcens Aduldlike ROtGhbIRR!the siitfle Rlstlimsitdcpablioyfds, which

to formthe final nodule. Typical nulticrystalline ) _
havefrhigh effigiency-and large insluskriad knewledge; basieg witbrthe domsost, lightweight

and JeRAE BRYS CBYE i B i mgrbtics TR feentdfa T Blexible Solar
(UTssgtedrmdd@; beides!the nfatthsadf ddhfé_viriq)h aghtwdight, AbxibRS$olar module
42% comes fromthe crystalline Si. 1n addition, these

withrath ihigh effisiencyianddawenmalgrials costs] Sinesrwe istart with@npurg silicon

subfPaeB: fEhabls ik skt Blgh RletRINT pif ot o Ae ke fiffee pocessing to
fabrit@ite YRite®f-Eid-alt pesREMhnc@Rblaticefis.have the ability to

be deposited onto pol yner substrates for |ow wei ght

and _flexibility. Presently,invesTi %at ion is orbgroi ng in
[0170]i Theinrasenttiayention providesJiadmimblexikle Sala(UTRRrPevices

gen &red i €ty abueA Ry RBRGm kNP G e rat ea cel 1
efficiencies of 19.2% the highest of any

pohy cAry altra-thim@esdrthant 20 microhe thisknesEy epstaliné silied® solar cell,
smal |, | aboratory-scal e devices; to date,_ the hi ghest )
| agsRwRARd atched on @ sieglatcsystak siligamwates. Jihe size ohthis cell is much

o 15 8 144 o HE o] R IR bR o st

coprecessesier examplentredsdlar duisiravel Igngtae/apdosiess Bt afe on the
| arge area substrates. Also, only | ow noderate

t eRftarafJ00 Pickers esprae gmiodisedtson t he fi nal

O L

hayrenfithe mbtresriwaieeand trangfdraitde al flekitié pPofimérsulstdes and
base, with the | owcost, |ightweight and fl exible

naBurAutematedintericanpestafitbe frapsiegiesscellste foime thentinal module, if
Ul ?éﬂ{gfw n Fl exi bl e Sol ar (UTFS) technol ogy provides
t he ans of achieving a |ightweight, flexible solar
nodul e with both high efficiency and | ower nmaterials

[01Z1]s Meth&isand sgstehsay of thetgresentuneeritioni wtilize Ubiirostamping contact
i.t enables the use of high precision an

printing Rracess dhak amoids\eedain prellents arsociated evith,past silicon transfer
technologies; namely, the cracking and defects formed by attempting to transfer
relatively large pieces of silicon. The present microstamping contact printing process
also reduces the overall module assembly cost (compared to conventional die pick-and-
place techniques) as thousands of micro-cells can be transfer-printed in paralilel.
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fabricate state-of-the-art performance solar cells.
[0170] The present invention provides Utra Thin
WO-R@Rid685 Sol ar (UTFS) Devi ces generated via aP@DUg§1007/022959
[0172bThe solancel deviesransbiabriaation methodwoftherpreséntrinvention have

coudP 302 DRSS sbBICHIE IS 1568 ShebL B VD crystating

serrﬁddrid@@fbr%f&udma IRt ﬁbf:mnnéd td) smgféeéﬂystaﬂmwrbdrﬁéﬁd other higher-
(e.g., two orders of magnitude han those used in

efflcpﬁr’@yl roaterigig, istoh asrGalitimrAnseot Qa%s)fbrachdmwrploammﬁatnon of an
that . are

ultrao a%ol%?'clg@@n Vaﬁpclgﬁé]\ }Eﬁg%emg pﬁgﬁygesgndmsPems havmg low

. i r
i POUEAGS RS R PBLA  Tph e AR L0y or s aspec
of thet pteseat $ysternslamdookthoels. substrate; and 3. Aut omat ed

i nterconnect of the transferred cells to formthe

[01 ﬁ]n?@r}g%@wﬁeﬁ gRLH r edqﬁ &0 qil Eg&cgs%ﬂg(ﬁ\gélgand Séowmg a method for
malgrg@é%kr glé}td%}%rl"{){) % ? dr8&&ntaMR R NC &Ad ﬁ"r‘%”f’@g?g@@ 29,a Si

ocl ate I'con transter tec ,
waferasmrycesseel snas:to generate d@lwrality df gilived- tiasedtmremsolang:ell ribbons.
relatlvel es of silicon

nsf e dar
ThesicosrRaSRAMIoSOIR! S R araseIaAse R M che subsifals. The released
r
A T AP ol A5
usirlglmuelastixnerﬁc transfef dewbe clrbbloastaf gilisbrar@assémbledninto a
devi ces .and fabri cat

ol
phoffibflaiedeyicy Ay Ve itisedheBhpiosASHRY o m'é%g the Slep of providing

[ [ t
S 06 06 ko S, Gl
concentrating éptivstsehtas &ilengl @ray.yst al | i ne silicon and-

ot her higherefficiency materials, such as Gllium

01717 A% v Goire. 29 i 19 s %&9 St el aranstaued to
polyder Sibstraieh ?ﬁg rﬁ@?&ohﬁé&tgalt? P¥ nY"ﬁ'rﬁB&ulénr‘P' ag‘HQﬁ’ner that retains

nmechani cal ity lene 1s a

. flexibiity. uSelection lof theathiakniess fof thaesmccmeompsyenmfsthersdlcon solar cell is

.met hods. [0173]. Fi.gure 29 ro | de S
an ISPRAGELDRIARIF T KL iR GRaM YEBIOe a0 SFRToHmeNh dorexample, the
thm%‘il&bﬁ%?)n%orfeﬂt s édl@é(ncgfgﬁl%ead?ﬁ@@eé.‘ﬁebﬁg@@gl cg’%? ~15%. The
shown 1 n Fl gure ,,a waf er I'S processed so as to
pnrrmy\ impaet of tpicknad;s on the call pedomaraceeid an theaotieetedaririent; with a

thinpey Gl IS oS 8T AR PR @O RGP Pen Sadent 1S8R Talpd. Figure 30,
prO\hdiéé S%Icﬁfcff SfinL‘é bF HICHRISE SR rdes ShPEIVETRI cmﬂf‘é’r\t‘i?sc as calculated for a

substrate via ontact printing using an el asto
smmlatadsSmeIU@(pased teithd 41 .bfstandard speatremasseehfor éxtrésitial-based

solq?ﬁgﬁgfj?ﬂg e cha?%ﬁ' S a&\{g@g Vu::]'rge uakﬁr?g Pgr?ttmg&es t Sréc’tla total passes

through the Si layer (Once initially, once after reflection off of the back, and again after
subsequent reflection off of the front side), and that the quantum efficiency of the cell is
relatively high (90%).

[0175] From the results of the calculation, a silicon thickness on the order of 10-15
microns would be required in some embodiments of the present invention to achieve the
desired AM1.5 efficiency of 15%. It should be noted that this relatively thick absorber
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devi ce interconnects to the mcrosolar cells, and
optionally light collection and concentrating optics
Weows/1a3R | ens array. [0174] As shown in Fi guP€r/B82007/022959
layer rs due tathe fiae) thait silicon &an andiest-bandgap maiesale A elmllao solar cell

substrate terc nnected t,o form /
usinBca it &l e s TR i) il 5% iger e
t hi ckness of the silicon conponent of the silicon
[0178) Mulglér stacReof amabm.nd%ﬁf mr%rcambé lrtﬁnreroewu&ng a
i nvention. In an enbodi nent, for exanple,
combinatioprofddipamdwet etching. cElgere)aglprm\ode& lacam;n@ etee:d;nonemlcrographs

shofiing Sasiertiaf ogmalint of BBt dver iRCteef weAtkERrSOrs Bibodiments
of tre brisBAeinvERtidn. TRESe B@h@ﬂsciu?eﬂlﬁl @aﬁeﬁgsﬁamdnmﬂ?ﬁbmns By

| ess current 1Is gener at ed 0, provi des a
appudprigite peyoessngi lom;e@sdlodesetbesmoam beloo:nuetted untoedtcon solar cells.
(Jsc) as calculated for a simul at ed Si cell exposed to

e AML .5 standard. s umu
(01377 FabfioisssTiba8 B3nStsy dechripies BBsall bue.thedfiofh averina olass
carriét, 5§ 4% t?éﬁgfert ﬂé@atl\/em‘ard@&é?astchrsﬂléohqt@c STHe of the major
through the Si layer (Once initially, once after
issuesfwithcthiese tta‘rfsferfteclhmqbe& Rre anaﬂkagad deféats lfomewsmqherﬁi layer.
reflection off of the front side), and that the

1A B ROk oG B o BBt hstegeo i ayer
We P eh BESAA9S Ay profss Uiy oyt (o)
materialdotgripnandtransfiee thee silieonitsa pelymdrisubstratd.i ci ency of

15% 1t should be noted that this relatively thick

0 SR Sligh PELSL PPN 18 UgeRf o1 the subskiafR th e SMiaL applications.

For %pﬁbé%&e@%ﬁéﬂ@d}ldﬂﬁt Qrsgébe rﬁié@lrbo?ly“arﬂﬂel édd:'ﬁ‘éﬁ R8Plo%an be used as
can be thinner. til'ayer stacks of

a sybpstrateamia¢eriall |Kamom lsldnenbarmaallyowtamler’m space sipplications, although it
s KEOH B0 Ber oy car e Pl s e b Prerotéiad alorgic oxvgen (AO).

sequential formation of Si nultilayer ribbon stacks

[01803efAfier tranSRIYRf Gd S hB&msStoOthetdwyrﬁé ESEYtraté MABY 'a?é‘ electrically
These are high-quality, dinmensionally-uniformribbons.

inte@pnagpieddoifatra the 6ﬂ%|ssﬂlafgce||nt|0 q@me emamemtaemdmmal Si ribbons

are GSnfEaHa i &vereh SBBRRTA E0, JhraviHss gissomatcidagra of a
conhé‘étﬁfn $chetn @ Wwhese B Si %borﬁ@brﬁbﬁéb %&%@Eiﬂéor‘i RiRld W ¥-type layer

| arge areas of silicon (~5 the maj or

- on tppdaésymwthenemittese Aﬁemtf,armfet, @omectmshrwsecampmag aadducting ink

transferri

are Qﬂﬂfel qntB%ré% élgbB?S sql%ev\glaa@ﬁifractc\kgé}(@]ﬁﬁg% ar via screen- pﬁntmg. The

bottbfrepératishedsthe la@Pdnsféife @St Ribtsshs?dhd fHé%PtdaY\%I shows the
stanpi ng' process using a polé di met hyl si | oxane
n

conpechiar) (direckwritg ot scrgenmpriatiog). r @nkyf four ShRibhidnsare showa for clarity.
pol ynmer substrate. [0179] A polyner such PET or PEN is

(01815 CHe SPthe ' d1FaStitie SARE prdsdrttedHAIdG isTREY it &4 idSble to other

absorber materials; for example, the same microstamping process has been used to
transfer gallium arsenide. The use of these materials has been demonstrated in
concentrator solar modules. Fig 33 provides a schematic of a solar cell array of the
present invention using a PDMS concentrator array for concehtrating solar illumination.
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For space-based applications, a space-rated pol yam de
such as Kapton can be used as a substrate material.
0#836B5 nechanically suitable for sgace PCT/US2007/022959

LU %aqggpmwam'neaﬁlu%ugﬁeilmg. 197 RURRHPY BEIHEIRaEaM. HTesenyly, siicon
ln 5550t 8B EBORE bl PV B RS

industrlesdt issariigipaaé@ thdtlesenaf @uIRISi@bstsdall brck to pre-2001 values of
i nterconnected to formthe final solar cell. In sone

$20/kanasicapacity catales LpwdIh demandevesatheests withéematn higha As

merfiBhbH RreARIS Rentody SLEMIRISHHET o7 sRENTE Piitaline ingot nto

waféreMhenSsrobBe$3iNg tisd Wafdrs imbtdalls, 4md their $al@sring el ceM8 together to
top to formthe emtter. After transfer, connection

form theefmai smasiulei mhe presrndtindustiynikend is tpwandsetiumr@e!laesmce Si
ri bbon eith via a writ.e, process or via
thickgig388 By Bhi 170 iefrt {5k Fibit ) U REAERR By ore tight.
Curi@htly! MRShRINeSASEP VRIS oAl oier! SIRSRARRIoRD B ealb%ut % mm).
conhection (direct-wite or screen-printing).
Hangliing sech Hibinatersandhe frwmal' gtV cebpragessinglsid m@gmtubn is a
h |§ he attractions of the present technology is that it
cha eg'gfppl icable to other absorber materials; for
exanpl e, the same m crostanpi ng process has been used
[0183] Oorvehidndl alitd-salvmgeohsigued Pesutsia plprdXidately 60% waste; that is,

mat eri al s has been denonstrated in concentrator sol ar
0°/q1@6ﬁmeemglmal@l@9npnw wiagds aipsashdustt iFor@f 2QPewificientompdule formed

out @g%%% H’y%rgp %fg 61)8 gﬁlﬁé'@ﬁtﬁtgﬁélﬁg:ogﬁpgr%s estimated at $0.40/Watt.
ConPsldelmﬁgﬁﬁél 1Pe. dlﬂllmhte%gbéﬂ oF S PY ihtl0Stry id toCtihidvee §ﬁwatf‘ Ghe materials
tor over. $t>u per logram resent 1y, silicon plants
costgrfer sueh a@wmuleﬁeeswmf@entt he needs of both the PV and
m croel ectroni c industries. is anti ci pat ed that

(01485 ok indbleSeRl LTFS %sﬁﬁﬁ'sgvnﬁégﬁe?wga'i%ﬁ mBfRAGs pSdts is much

Iowé‘fOSE\%rV\aédunﬁlﬂgﬂ WaSledF-5096, me' 186 Gndi LA St Sﬁmlcron thick silicon
present-day SI' PV is fornmed by sawing a crystalline

the madgrials sosiswaie @stimated at p$0.688Yalg Tircostisavingsris primarily due to

the ﬁ%\iérsti’ltwgﬁﬁj%rﬁ)gﬁﬁgsg q‘%’i{ Hﬂggéﬂ( w%% §p§ ggﬁfng et §I|go% over a greater

ared thamriconbentie methdds asd B66icSs. t hi cknesses beyond - 50
mcrons (see Figure 30) do not absorb any nore |ight.

the thinnest Si PV cells are on the order
[01 &ﬁ] 59@ nﬁnélnarpgom&:uavqlag@ the liftofipf thegdavigenglemearnt from the mother

suod 10 o S5 o B 58Sy SERR BBl rom th aurace of

the tan®p fAtertardet shibstiates Byeapproprifteaddsigr ioftHeclinddiBtt etch and liftoff
waste; that 1s, 60%of the original silicon ingot

of thasecRlementssfremsheir mathar sabstete, it isprssinlel o perfoRTife lftoft step

ity Y18 BB, i e, B A GHBTAT P s bnaing

betwéden thet ¢lgmiedit endlthdtargbesibétiaié usdr betweenha@dmERt and the stamp
$1/Watt, the materials costs for such a nodule are -
or by |t@¢1 use @éﬁtrong adhesive layers on the target substrate. In both cases, the area

of contact between the element and the coated or uncoated surface of the target
substrate must be sufficienﬂy high to enable efficient transfer. In most case, the
dominant requirement is for the bottom surfaces of the elements and the top surfaces of
the target substrate to be sufficiently smooth to enable large contact areas. This
requirement can be satisfied for a wide range of systems of interest. The systems
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[0184] For the present UTFS technol ogy, the

sem conductor materials costs is nmuch | ower. Even
W@gs@am;mgs a waste of 50% w th a 15% nodul e w PET/US2007/022959
congidefgddndhistexasole iare extiemiely well situated te maas these flatness

estl 02/ Watt . This.,.cost sawvi
reaufBmath ngs tneSont e Bldrmetd it BSsreh A suface and target
subéﬁété§%t will cBh&i8Ebf pd}%hea%enﬁeérﬁﬁs&t&%a@a@ silicon

over a greater area than in convention nethods and

devices. [0185] The printing process involves the
[0186]f Fig 84 qyrovidesdmages sbpwinghrestite of priatingsingle crystal silicon onto

plasfiteQe58 bl 106 AR and P YR Y i miorg g brocess of

the prsBft inYERE6H & ComBYIRE WithRd WiderdiRe &'Q;Ubfstrhft%
undercut etch and liftoff of theseelements fromtheir

not her substrate, |t is possible to performthe
[0187]f ian embq;dlmenh the gtanyps:Lisied torpisktupesand transfer the chlplets are

typi GRS BNESSFh ARl cipSid T Bl ek Wi of Bty ARAMSYE ‘master
sub&%ﬂé’eﬂ?ﬁe ‘pBﬁeﬁ{se&%@én?&ﬁi tHehéh FACRBF tAE “RastdrecHs Be%pllcated with

strong adhesive layers on the target substrate.
extremely kigbdidelityndownda tbé naoometer soalejernen fowv moeimhmt silicone such

as idfiaiTeindSo@ne PAller Ais bsed o bindie,he siambd However, single
laye?stdrip€ Hade’ é\ﬁﬁff?ﬁls soft rggfié‘naPé‘ér?e?&Bpo ??cit?@'eéhequerwgntpg printing

requirenent 1s for the tom surfaces o
procesd. Aba resplt scodrae placemariactaraggtis sometimesareatizdrbwith these soft
suff |entI smoot.h to ,enabl.e | arge cont act ar.eas

Sta"”rﬁ’ﬁs % KIES R iRcludes.inomeveryse of GararositeRjamps that provide
excSlEHit %!ﬁ:e%edt%@&?;trg anH’;S’atféfﬁtﬁ% ong)i sles sdnt ﬂﬁbﬁs’&g‘ilon No.

exarrp are extr situated to neet t
11/111595¢% deor Kwuposteeﬁa'serrmmaevmaeyon &vfoLubogﬂaphphx gssued as U.S.

Pt 0 5 OGRS R St o v
predeini u?!/énﬂbﬁ\él'n@% th@cQﬁiﬁcéfﬂb%t@E Hy%wérbﬁ @ﬁn RS bﬁﬁﬂeﬁxger .

single crystal silicon onto plastic, ass
InP wafers and thin film a- S|. The mcrostanpln
[01Q8rloé\d9w roodulme rpafeslehtsuchaerRDMﬁ ||33u3ﬁ;d1fmtth®hest\mtem taallow

contdrita i3 3y Ha 8 VBlch S Bics Wthdhe 1f siRacd B e Satbicondictor device
compoReRfY. NddRMAI thin Gietd (UchHS ;Sld&t'ld“ﬁlnﬁs or %agﬁlf_}ﬁ@ kaving a high

pi ece of rubber agai'nst a "master" substr
in- piaaemodmslupns;aseﬂ tcopretvleet mtplaae enaxthanical defosmations aribg the

t.h t h fid A h
wan§feR, Frisina S oStnaRTs st s abSanraidas ERtRRs oS observed
und@pé }‘ngﬁ ﬁ‘i‘ébhlficéhbﬁhﬂ&%sé@@ﬁbm@? ﬂwéﬁﬁ@%&%n&%‘r ‘éal 1%xt1 b%m area

anps. However, single |ayer stanps made out of
are eolmeva.lﬁeem saft lithagraphy pginting téehoiqued. duri ng t he
printing process. As a result, coarse placenent

c | i dvvlththes ft sta .
1o18Yic . B olfodiFBh 8 Rrinfilh sEEEm crtabise Ty Edages R Sesigns
optifREORI bfickdri imstdiaindXoP Milith & HiRbridRE uﬁ)kﬁ@sﬁeehent of the printed

accurac and loattern fidelity. U S. Patent Application
elements, ( phyS|ca mounting jigs for these stamps and translation stages for moving
the substrate and the stamp with sub-micron precision, (3) load cells interfaced to the
stamps for force feedback control of contact during the ‘inking’ and ‘printing’ steps, and
(4) vision systems that allow multilevel registration. In some embodiments, printing
systems useful in the present invention can handle target device substrates with sizes

up to 300 x 400 mm and donor wafers with diameters up to 4 inches. The registration is
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11/1 15,954, for "Conposite Patterning Devices for

Soft Lithography" , issued as U S. Patent No.
W@ 208543633, describes conposite stanps desi gnsPERUS2007/022959
accorsphighed wibadpng warkiagstistenee mierpsaope and feCPcameraihat allows

s SR R 6 o P ari<het b P R aignment
marks bAtthe 6Rbr Wafdrs! 2y henhrjetBlLibétrates. Whichade@rady witl®iwihich the
contact with the top surface of the sem conductor

standipy cae beqgsiticnedsandialitineidoisal0.5 pm The eegistratiorhaccuracy, when
. lasti¢ filns or glas fiber%havin,a hi gh i.n-pl ane .
implegaanted with nEw &/ReS QhdstORION-Hes LARPOREe SEBMESIS also In this range.

deformations during the transfer. By using such

conposite stanp designs, in-plane distortions (as

observed under a high magnification m croscope) | ower

than 5 microns over a -16x16 cn2 area are achi evabl e
Example @f t Gonftvmgitzle Thim Filmt LED Lightimg Systems[ 0189] I n an

enbodi ment, the printing systenms conprise: ( 1) stanps
: 1.t Q. designs optim zed for efficient transfer and for,
W‘%hﬁr‘i‘&l PTEPERIJRYSRHIRN PRRVides RIINdipgRaseddechnigues ihat provide a means

to irﬁé@r’é‘?é‘frw%r9&u%): Iiﬁhb’éﬂnﬁﬁﬁg P’Rﬁ@si wWith inﬂﬂeiiBfebéﬁlfs?r%téé. afiRi$ approach,
and transfati ofl sfages for noving the substrate and
as impleraénted with Autoniated highhprecesiors printer §3tehsads asefukfor fabricating

o 5 et e RSBl o R GO o afmotive and
e ¢ I L . O

otndr gt Saih, 131 A8e/ i B, WEVG) SPrani g

~ present invention can handle target device substrates

[0191]t Ahei presentomethagidtand \Elemmimvolvel tabicatian ef sonfiotrnable ILED- -

di,aneters. up to, 4. i nches. The registration . .
based | eéﬁﬁﬁsgﬁﬁea %Vtcﬁsgolfqu@d aiap?@tmnstpaﬁwéf:ﬁﬁ ssingashesive
t <Al ; - )
congi, BRIl okl Lo RS SRRy erporaton o
encapsylatiemandpldrarizing matetiaisrcoatings andrnaydrsdo eahgrte mechanical

ProRRiBes Db ustema 18 APS & The Tt SHHELy 85, WBMMTgRIS and spacings
of tH€ LEDE ¥nd WP%? ds?@b%’@é?&ﬁﬁin\é" th8 dé‘%i@etd’%?s‘?%nﬁor specific application.
“Tree ¢o also 1n thrs

Istortion nposite stanps, IS
range. Exanple 2. Conformable Thin Film LED Lighting
[0192]s TeamsfE O pOOfndgrobemuremanvscale ssemiconguobern dksces fromi styirce wafers

o Wik Pl Oeghs otlaret bRl ndlidnG chi P13 Ergtiets. s used in the

preﬁm%ieﬁ‘ﬁigﬁﬁo gé}bt%a%’ Ebﬁ%ﬁab@LEﬁﬂ@gtﬁgﬁgge&é EI;IgP{ﬁ 35 shows a

aut omat ed hi preci sion printer
schémati¢ dllustration of ahiexemplaiygirocessloftbetmaseratl ihyention, as applied to the

prinfig of PRBIAbE (OF A SREnicNdudthrchmen ks M58 JaBiar aitee ink to,
and‘r’ffec%rﬂ,o %r?\é’la%ﬂ%eﬁ@@féfn@ﬁféléﬁékge? %g%ticgh)‘ﬁnfb’o‘?ﬁél the adhesion

s and systens 1 nvolve ricatron or conform
energyEatthsesiampt‘imkf ahdn'ink’egubistrgtelsuifaces. flolthecase by Fig. 35, printable

inor&%ﬁ%%ih&@d%?g%gé%ﬁ% géggfri}gy? H}?qdqgiezbgﬁggond: ﬂgis type of process is
caphBeBrhasipLREAGRBAALORILCSr materials or devices with lateral dimensions
between 100 nm and hundreds of microns, and with thicknesses between 20 nm and
hundreds of microns. Electronic and optoelectronic systems of various types have been
demonstrated with this approach, on substrates ranging from rigid glass, polymer and |
semiconductor wafers to thin flexible sheets of plastic. The printing itself is performed
with a fully automated printer that provides both force and feedback control of the
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encapsul ati on and pl anarizing materials, coatings and
| ayers to enhance nechani cal properties of the system
wWab@sgaiwes of the thin filmstructures, the nurdBDS20aT022959
transfgaomuﬁsofogelﬂmrlMEmieroacmpmbasextﬂsWy&»&ms forradigniment. Figure
devi.ce de eci

0192], .
36 DroVifiSs an IoiaR R seRamant SRttt Bhh aBnidraisafiin the present
metRsyd Sﬂ‘fabﬁbé’m@@éﬁfﬁfﬁ‘m%@%Eﬂ@a#djfﬁuﬁ Andii r%i S

target substrates, including thin plastiT sheets, is
used in the present invention to fabricate conformabl e
[0193}DUsinghsuaiyan approach, Bismalbpasivhmatrix8xt lightintg pad has been

NI R M e i ey T o
preda‘ﬁ‘é?ﬂétﬂhfetélﬁm @%Hﬁé@lrs @g%? dfg%esmﬁgééi 3PS gérfec@art #) and

from an astoneri c st
linedry(partrytlighting Wenices Ithat cognprise p@&&mlpaddr&ssgyl biwe trioeganic LEDs
i nk' -substrate, surf

d
assqnbiERLpn Blste iheliales vitieoyant eridihg: UhIdeYioe i Raa4D) represents a
demlo'ﬁ@ﬁaﬁbﬁ%féh ird finf ||§r§t|rH“8ewbé‘EomgT§ & Y80 aneOIEE‘(DS-based

I's capabl'e of mani p ng sem c orrra
||ghtdvg/systemvmftthe lprésgralinviintiens iAo smal etvaiem oﬁﬁ%lmuﬁﬁibased thin film
hundreds of mcrons, and with thicknesses between 20
lighting derice s @lsishown if EiGeR<: El ectroni ¢ and
opt oel ectroni c systens of various types have been
{ [
O et R P SRt L HepRent
invention hiave utibityefos higheting applichtions for athempbiled and othemzlehlcles in

soms: oy BRUBESSOr SraBPlendNd BEHSRL EVEBHOR Brofes reliable and low cost
ILED! '"t%ts(ea'iﬁufrﬁﬂmmig?%aelv?c%g%ﬁ 6ar‘£bé 'ht@b%é’& PR Ht%?@%l way with the

vision s nment rovi
relevaIagmrmmésa)faormembbilé br otl"tara!tehmie of a printer useful
in the present methods of fabricati ng conf or mabl e

[0198] Pichite SO BMERS ouiamaticaacP e IR diadroga! o sthed gf fabricating
a co?ﬁ&n:i%f{ S,%I@ﬁﬁ\g%}}cgﬁg‘ﬁfttﬁb B nt REARGHC AESRown in Figure 39, an

asse onat e strate with
adhesiepmateriakid (NEXAY! is iused ho &x ¢Idﬁlandstopfbogt037 spsiated defore injection

of Ph)ﬁgg g{n@t reé%lirrart Fpgégr?\ggpl9w @neessg%%gqadgd b%Pore u? ection of
PDMS % %ﬂ&thg%rﬁﬁéﬁﬂﬁbﬁﬂm‘)@xt@ rﬁa’?khe ré B}:ﬂt H8LASWH'IA f Figure 39. In

cont printing. device I'n represents
soméegmbedinntssapla is imstalfed with tiiéd anglede\a vascuum chamber to

remgﬁggbrugé@g@t%pﬁ%&g g‘ébs'hﬁméﬁgfﬁlgﬁﬁgf% p{rpd?r;\negts pressure
is a;{)__p:rlg@& mﬁnttﬂb%tfdslrﬁtés' Bh{éegga Q&YthE?bétﬁ/e?hstﬂe ?'IFEEYE EBH electrodes,

[0194] In sone enbodi nents, confornmab
as slhbgmmnggm;esiiaanmjeﬁtlcnrm pPBMS encapsutatinglageris uﬂelflhllfommproving

tne Sginn EBaradlediis of e dP¥ien feartiyf rlxxafﬁalv\éﬁ‘gﬁwéé motion) and
t
e S e G RPNt "can be

integrated in a conformal way with the
[0196] Figure 39 provides a process flow diagram for fabricating a ILED light device of

the present invention comprising a flexible strip. As shown in this figure, a thin PDMS
layer is provided on a PET film. Electrodes are defined and deposited via evaporation
of Ti/Au and shadow masking technique. Printable ILED device elements are transferred
and assembled onto the substrate via contact printing. As shown in Figure 39, an
adhesive (e.g., NOA) is provided to the bottom substrate, and the top substrate is
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rel evant surfaces of an autonobile or other vehicle.
[0195] Figure 39 provides a schematic process flow
welrmgn#ssdf a net hod of fabricating a confor mePdBEUSHDT/022959
bonde@tq thegdeyvjer. e rhhef exteenab pad @md wire infixashandha RidM&radhesive is
ur e hesive materi al IS _used

inject i) uee - of Y BB ACUEE cPaeliBpte i bs 16 b lgpplanarize the
ILE’YRetukés some enbodi ments, external power |ines are

install ed before injection of PDVMS to prevent

contam nation of the external pad region, as shown in
[0197] g frigure 90 providlesw eobs deationa vievaoha eonforinas tLED tighting system of

the pr,ﬁsgef @ateg,%kygggrgmgnéﬁ B%,%‘é 1 chas%g.r sqmt@E%(approxmately 175

iR EDSHEERICS (pAphRl, R RErt . ggtodes anda

PDMS @crt:apslndatlngxsoamg\nr layeF{apprexiGtately i@0e€ 80 onicrdnsathRR)G
encapsul ating | ayer is useful for inproving the

ro1io i a1 e oSS o s Befithe SetbBitorfie psaht ifvention in
an uHbaht Sta @t?rg ﬁ'%i bBAL&SIE With [aocg)r-fﬁ'lﬁ éz raHinS 05? cRd %Vé%c“oﬁoeoent state

process diagramfor fa ing a | LED'I'l
wﬂhc&abera@ngfradlbs qﬁﬁmnmlrdrbemstam withnp besding radmse)tmtﬂ em, a fourth

ho t hi n
benfSiale ith 2SeTERaraULT of SinBnd B tale LRAGt TRIRAREG dhé bending
f Rk
streé’éeag"i’ﬁéla grﬁg ééls th ﬁi@gﬁ’g@}de éic/%t’cdeﬂ?@n%grllﬁﬁéq@%%%é@%s of the
presenaimsfeation pravide aisekuibpticalpropertibs irs best cartfiguratons.
contact printing. As shown in Figure 39, an adhesive

10195, Fic, 42 PrhaSs B Thads o actexdte Rl Nt caade @'@ﬁt@%ﬁm thin
KapRRCSERS 2l fith ohiifade S BRYRO RIS ve i s ] oct

opti onal 'y "under " vacuum condi ti ons, so as
to encapsul ate/ pl anarize the I LED structures. [0197]
Fi gure 40 provi des a cross sectional view of a

a oli]f r mal htln Is‘.ste rese nica
Tabfe ) %mm% Exb8 i Eohaichs oAe g e Meshanical

PrOPﬁﬂ ERRQrS-hi ck) 11 FDS qt ruct ures

Bloxi mat gwy ;00 MeRs iperkiing filE&trapeasg g @f’;? Operating
Pé’ﬂ%spgncapsu at | ng (¢ gattr?{]%ngc CheckJef " ( appr 9% Fal @) 40°"eck3 Note

O 40 Orilcr AfeGBMIMMK) | [ 0X98] |Fi¥trel 4 O gr odftedes Jemngessos Improve

1

2 & 19 | ITW‘S/3QOPm)C\I t antx n'F h®/°nr ccht ) i nWPLnt | ~3¢mi 80%

3| O O | TYAUE/3008m)T T T TR © 0% T a1 7% [ 8em” [ 70%

4 | T PTOIEITATRAu@aoBmonm) 1T T S bert—t.at Wt aoenpr g

5| rad| s ofmiAussienrgécon@ bert ®katle va T asokendl &q 50% improve
radfus of 5 cm thind bent qtate wth a |bending radilus- ugm:'

6| & £.& CMuMesheHht h|bentk stdtegwi th & bandiond | agdihuy so% | problem after
of B cmmand 1n a state upon |rel easp of tihe bendi ng repeatable
stress 1 The images iin Figurg 4 1 cpnfirmthat test
confornal |LED I'ighting systlens of|the gresent Delamination

7 imv=mi on Tpruerece® usef ulo optli cal pyopertji ex i n| bent X from

configurations. .[0199] Fig 42 provjdes gn imge of & Ztﬁgatg;r
f+Hexibtre—strp—t++ght-—rade—of blue—tEDs—and—thin P

[0200] In results of experiment, we observe that operation of the present conformable
ILED-based lighting systems is improved in cases of thicker electrode and PDMS .
coatings or encapsulating layers on PET. However, it is difficult to fabricate a strip-light
with only thicker electrode because alignment of ILED on electrode (by hand) is difficult.
In some embodiments, the process uses a by using an aligner to provide more stable
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kapton substrates with bending radius equal to 0.85

cm [0200] In results of experinent, we observe that
wopesaticdh of the present conformabl e | LED- basedr/us2007/022959
andjacgHtate @ssgmbétrsAn Optimizeslsystem fonsemeambedigiests combines thicker

clocfioie, PR 2pnq 8T P EmB B ofigBss BY Flafa™"

strip-light with only thicker el ectrode because

[0264] Fig®e4DBrovided seheriatics sadRirdPiwddrtodssfod a&éembhmg ILED
In sone enbodi nents, the_process uses a by using

struglurgmen the dpyviseisubstratee Eralowesmanet shows anmewmlwmethod using

ey P! TR E ey Ao, e g an e

Whéngezigtdam aRgesroiighanED droarééiroﬁegthém&ﬁbﬁ&\dpé@amg ILED are
schemati cs showi ng two nethods for assenbling

greaityrluctaases because adiama@e gnelectrades nsmeducewgorrmm@d to use
woSf4% 786k FRRRP Mo FaRal B oh! BONERN BE AGER R ectrode

strudfureger . V\hen we use an aligner to align |ILED on
el ectrode, the number of operating ILED are greatly

al i gnment betvveen the I LED and el ectrode str uct ur es.

o2 B ?éf’th\Z’?'f«'gtyéwﬁ@E@chqﬁ{Eﬁ 5 ot 56 S 40kt sion

soldr@elltwith o~ ieRel ﬁhc@htrﬁtlﬁ? s, Slhnaé ﬁrétrsv/é;s fd) the |nh|@f2ﬁstructures are
e

solar cell with [owlev concentrating | ens.
transferad &omPDMS onte an emedded@!emr@sieaulach rsanea‘sasm back electrical

conld Ry ebREr e SRR EferrEed RS TnllHefllo 14 EBM8 orto e

electtddeCsUttdce dricPsloiey p&slingthe FPDMSE bark. tlh@xtpﬂ\@eg TQBE pldHarization

el ectrode surface and sl'owly peeling the

follawead by ihe tormationof the tomamelal cootactsisi padatmed. t e device is

corb BRI Bl 1R 3Fb S St 5% Mg D PO

ont& e AVitE fdtep @NS Irrthiginaedép ft'cam b d&erPHa® tﬁ@@eﬂ@ym% designed
(step c). Inthis final step it can be seen that the

suchighatdbe iaws oé siligan gelisialign with thedocabweindof the lepsrarray.
cells align wwth the focal point of the |ens array

0248255 45 B AAHEES HTREED Bt s
) Sopeashagect S1m ket gk i s
8l

contasts. a() dwipical &YoiRsPPASE for mﬂ@wce wnan (@)azwqrwg 96

provi des i mges of a solar cell array joined to

[02(? 4 i 5w8§% ?ééggf %g\ﬁ? a‘fge\b(a?l)layé Bﬁ &5 cg énélf?%ggollectmg optics.

(a) Iarcnmé of(tlbé fuﬁalcmuly tedratdibdevios with\vd 8£EiﬁdM¢élhéM afr@g. (b) Picture of the
i ncorporation of the |ens array. 205] Fig 47

sang deviee withoythenneopomtian efrihe densgaﬁay ating opti cal

concentrator arrays
[0205] Fig 47 provides a schematic diagram for generating optical concentrator arrays

with integrated metal contacts onto mS-Silicon solar cells. The process starts off with
retrieval of a metal mesh pattern from a substrate (shown dark blue) via a PDMS
molded lens array. In some embodiments, the lens array/mesh pattern is laminated in
registry onto an array of silicon solar cells.
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with integrated netal contacts onto nS-Silicon solar
cells. The process starts off with retrieval of a
Worewaii4sesh pattern froma substrate (shown daPKI/bE9e)/022959
[0206] 4 Fig 4DRBseriasthel pracess Hlew fon genasaing aolad cedsand integrated
/mesh pattern is lamnated in registry onto

con%qpq%tll%iggpa%psm licon solar cells.[0206] Fig 48

descri bes the process flow for generating solar cells
0207]9 Fig 48 @r&Vigss ﬁﬁé@‘éﬁ'&ffﬂmé}% éUPér'é‘él arF itelidhtd Bold bus lines on
[ (mowgqesg’l mages of m cro sol ar cel %rzlrgay print g
glaserswsgate@ math:m@@Mﬁ]aghesseiay@smat es via a thin

PDVS adhesive |ayer. [0208] Fig 50 provides a

ro2aiy FIESD Proyines histheane uiRualis ot mie@eeiSht a verisal-troe, )
tranB@drRe! ;Q@S(c ?&anr%‘ﬁSﬁ%f%tﬁﬂ&ﬁﬁ%r&é?ﬂﬂgﬁgﬁ?ﬁgg& producing

uantl 1es O |ngecrysta m cCro-r
bullmuantms iof simglen€rystal I sickeeribbartssfinomybulle silicop adfersieas been

recei el bnRc die Aopionth Bl WG 8:qonEaIed BEGR "SactVe ion etching
proc%‘s%%‘c%éié WW“%% S SfadtBtds. PaRSde bhpgndELwaﬁ¢ass.vat.on

from angl ed m evapor ati1 on deposition
eithemframsangled elmtrohdmamlevamtnod eresmon of afetais(ordramlchemical

vap&éqrj] éql%ﬁiop S@/@i l@,%ﬂy L&ngﬁ%ég Ié’llhqlq §lgpcig " Irl)‘/) %nISOtFOpIC wetv,
u I -
chef (09, ROMEEn 1 TSIy R b B ol e micr
ribboy perays-in pnntlmg}reada,r f@rmsmBoibdremcai hrd raeseerse type pn -junctions are
advant ages over the

proyided P8R BI4Sant fverliohe WHIRE hasdls qwaROrgpages over the other in
mmr‘b‘&eil%ﬁﬁ?lﬂ‘éﬁo V?ehﬁ:%ng)ﬁ% a;m JurkH6Rs Rdvéd BEeH :%ﬂmﬁ}r@u&d for -

icattons due to It processi ng
photmbuam &ppdicaumgaedmeumits easyapmnesélmgtvhm bUIkewafbemaJnd large junction

 areq. BRI other L ikl isadyP oA ao s A BGre ghglogs i ferms of

trangfé?%'\é}hbﬂél Yu bIé’éGﬂfStFét9§ and H?o@éibili%noﬁ b?ék side I;ummanon (i.e.

mnatlngsaovvln I Ssues e to net

ehrmﬁating shaslpwirey issybs liue tblmetaegndm)r ﬁvhrlamm/smy exbivitlimited
their intrinsic

perfQuBARcE B AkRUN; A dRsH INtOSRENbLSME 5&%3&%?%%9% design of the

preéaé%‘é iﬁe\%@ggf}r%ﬁggﬁﬁmﬁﬁ%ie\é%é%%&{% cflé'rlu‘se which may take
aboge-mentioned gdvantages). Allof bite junetion ﬁtmeﬂmrexen qn}pb)ycan be readily

el d whi ch th di ff
tabrigpt&E bl SEieciin Ao od oam s, of wiial iherPaL LS PBvgS SBirton-dopant is

con@&’é’tbaglePPPECQfD gﬁ%ﬁ@‘i@?&r&?h 'rﬁgsi}g ?‘@ngﬁﬁt%ttﬁfcpp?gfénd pattern.

vertical type c don

‘For beftmabtypeecmllsnlg mmtmamdln@mtdmmst beﬁolre?ctmtlhg microcell patterns,

whilback B HibRIG. As DK SHHBESTIRIC B Hos dbsompliSied Ripeemicrocell
panhg BRSO SRR b s@@tr%g?mmw&aé@mf» Sl coverea
wuthtdu;zanmﬁndamu’o@eqtmpt thetmaal diffusion. After this BSF doping step, the
microcells can be transferred again to any desired substrate. For transverse type cells,
process of selective.n+ and p* doping is more straightforward than vertical cells, simply
by using patterned doping masks repetitively. Microcelis are created after finishing
these doping processes. For the combination type cells, front side doping is obtained in
a similar manner with transverse type cells, while back side doping is implemented by

following the procedure of BSF formation in vertical type cells.
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m crocells can be transferred again to any desired

substrate. For transverse type cells, process of
W@ 200844368 n+ and p+ doping is nore straightf oPGEDS2007/022959
[0209] a'rlihe@fe$emllnvm1tiosl also inslydasylLEE) digplays mathadtriogtrucgure as well

etitive M.cr s are.created after
as Spa%l( 8“:}"“@3@ %”%?’@j\éé £85Se¥%yr t he conbi nation
type ceI I's, front side doping is obtained in a simlar

%g éd?r|édl¢rﬁ‘t§Ycﬁirﬁ\%cfldﬁSn%‘?é i€s o Prirted Tiltichl S9stems

'S 1| nplement e oW ng € procedure o
BSF formation in verti caI type cells.[0209] The
[0216edi Batprewmmvemloal movudaslm@lbsds aAD systemaiysefwl far establishing

qooffaidriicdl sPhEe HlsiSteSieppdicy hafed officatysient tbricated by
cont{agfz%l]‘?m{ll_ﬂ%tthd&é Slﬁfd%bgﬁhg%té&s’ and d 9169 Igngégﬁés o fHeSpresent

e present invention prOV| s and
investien pnovids effidieritomeehanichilys robugt gnddhngﬁlyecondmaive electrical
necti.on of sem ¢onduct or sed opti cal st ens .
conrﬁ%%m%ﬁtw&eaﬁ'%fdm%Bewpﬁﬁ@naf rﬁ@m@c&ommfb%a%gswbled-wa~

confBEEBAIRY, 16 bEeeol pRSISEERD fppd BAQRIGRE Lod PUREL 8 compative
wnthcaarahget ofvadecttiealtinferednrewh pattérnimg bad weasessingctechniqaes including

i ces and/ or device co onents asse vi.a contact
9“019??/’199'%@"0%%0%3&&#@99? R %%@@né)/'ahaofa&&oseaph'c (e.g.,
con&%PBﬁﬁt“ﬁ j,aql{et,%mﬁgnpatl ble with a range of electrical

I nt ercon t patterning and processing techniques

i ncl udi ng photolithographic processing, deposition
a. t ecPlanarizingrfkdbricaticn Stratégiesard DevicegGeomettiest

printing) patternlng a. Planarizing Fabrication

0214 7,38 2BRell ittesehit b a0Tor by derbarigng Rsicasidsteps and
plangaf @l@%lcérqiao%étﬂéé 18 \h ﬁ\ﬁ'n 288NE¢ édrﬁﬁleiél?*avmdg' Hbg@%atioh of electronic

conpl etely avoi d degradation of el ectron
perfpefnamemhd@vm elbetricad inderonnecs! arlsmgsirommtep 1es|gas |o$ sempiconductor

BRI .
assEMBRAINGIE HeviReSSUBtAE 0 contiedt ﬂ?r‘ﬁtu?ﬁb% briE Gortb Rt of.this descnptlon

contact printing. In the conte this descrip
“planpiizing iefénsdd ar proeess wbieaelp rommea:rsnmleepmtablemermconmucaor elements

are RéaaBe st B Unacs Habstarg ol Qi hbitads i@ s dormed having an
exp 6§€d"§*|§#f£@é’\9vﬂﬁ aBSULRIRRRAY pRaHdrYednd n@}"‘ Pre?é’r*é%iyq% b@H@’apphcatlons

pl anar geonetry. Preferably for so I 1 cat’i ons,
the emnae@kswfmaw|mgaa|smgsmrwamspmmar gébmewan@ludgsoneturynore

inciyfiay S8R0 e BRbER Bnuendiito” ehmnid tiat calinespatiamed with
AT e o S T by U oG ioRfaphy and

depwtmlm tephmiques. pA@lmar@eonmtryyggmeuyardfgrsrtefesMa@ eonfiguration
sur f ce conﬂ&urat on wherein all BOI nts ﬁg t he

wheggjpal RS Qe CHPY Accommoniplang, hinthe contextiof this

description, however, a substantially planar geometry includes some deviation from an
absolutely planar configuration. In some embodiments, for example, a substantially
planar geometry includes deviations in surface position from an absolutely planar
configuration of less than 2 microns, preferably for some embodiments deviations in
surface position from an absolutely planar configuration of less than 1 micron, and more
preferably for some embodiments deviations in surface position from an absolutely
planar configuration of less than 500 nanometers.
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description, however, a substantially planar geonetry
i ncl udes sone deviation from an absol utely pl anar
W@ oivBligaeBRat i on. I n sone enbodi ments, for exanpP@r/Us2007/022959
[0212) hElanarizaliony inihgrpreseridreention isachieved by pravidingsmaterials, layers

and P lEEET ot LT R rdElof e PRl st tat he step edges

of the8EBtrRIERAES B ted LRYI AHd/GMRirimiZe! frﬂ#ébP @ﬁd)\hi'n@rfof eféttive
an absol utely planar confi guration ‘of [ess than

patteingigand integratios ob etsiotice inte fapnnectien. stibictdrese nlnsan embodiment, for
exa%ﬁtﬁqﬁﬁé gﬂgﬁq' gﬁé{e{ %&g\?eq | “ nq]gé]r%%ﬁuggr ellentweerlmé is filled with or
othePRIZRBICEp rnb%rtﬁhé%ﬁﬂé%éé ispBstrite! itRIPHHRE If‘ﬁatenals layers or
|nvent|on IS achieved by providing materials, |aye
structnsoproyideddouhe slexidesstdastratenopa icambinationi Qfdhelsﬂzt dF?Iananzmg may

be 3R LIPEREPL IR PR u5BuE FHEPBA§! Bt AG Tefoss including

embRHHRY G oPRIoE PRH DI BEmi CHNBRIE R iehn BhtsShCA Féd(";—fi\hng surface of a

i nterconnection structures. In an enbodi nent,
deviee supstratetdrea p\aaaezuhgtla\wrpradpadetherepm rAImlmatlver, planarizing in the
uct or

presSRE LNGNHY ByPwio? BRORLEA I M prescat ipubntiinMaydia pciveved by
ecs i BBl SnichPHSERr Sarh i S SRRy ifdod B o
subgtrate doyi cnnhag:trmmtlbg andrsubseduently pviding evaterials @ntayens adjacent to

si.ng a nunber o cessi ng, et hods inc) udi n
the BiBHIE SR GRB0UFIOR BIed b AT TaRPELRAIBE B Retwen agiacent
t i
oS D8 BB e 3 v e
strugtueesri zing in the present invention nmay be achi eved
in the present invention may be achieved by assenbling

l°21§{li 88 efocpetf etibis pareck: Be e S asBR Ao TGS Axgetnod of
T B I QUoR A SPAER Sy PirecifiSiF e SEPSIAY) drbuiding a
devieeisabstratet kavirg aﬂecelmjge&_wi_m_eptu) asselmbbmg onaduanare printable
semfEoRLEteT sisher e rr@ﬁ?@?n'qm# elgbe heRtaG: vig Gpbtac prnting;
erd 87 FBFarihg e e h BRI PRl D 8348 AR o g eceiing
surfaces teerepy rodkingithe penmcmdmgtai hasedamtlsabs;st@rne [t awni emgbodiment,
ec e|V| surfa

the Jansiang S\ S hunis.a SbiBRaRt BapAr andor SmobY) fap surface on the
dew%érsDBEﬁ t%ﬁn&lﬂ@m?&h%kfrﬁ‘ﬁ@olé's@gﬁ@éﬁd%&ttor%léﬂltehﬂg) Aethods useful

1 anar|2| e printable sem conduct or
for cﬂvmeefab(nsatlcasamtdaedns,nhe fseibstandially planaoahde smdoth édyy surface

gen%rmwssqe)q%gg gﬁﬁ%&% [3 grgéj ggﬁﬁgcal ad}%ﬁtegrgrinltéblg réemiconductor
elen$é+§§ta§§éﬂnﬁiéd’or9|ﬂ%‘ﬂf!ce Qﬂrf @Omtﬁd?%l i se Smggwﬂ}fzgr a planar

devi ce substrate inclu e printa con
and/eir smaoti &p smrrfacaamlctmiedu enepm&ed‘ surfabesiof @nkearrmoret planarized
[
pnntlagf;al Lcat! oau(:tor e?erﬁgr?tsét $ eneglmgl fgr Srnoa\l/rldlra\lg e|e%tr|caq%ongct to the

planarized printable semiconductor elements via additional processing steps, such as

lithographic patterning of electrodes/device interconnect structures. In a method of the
present invention, the printable semiconductor element comprises a unitary inorganic
semiconductor structure. In a method of the present invention, the printable
éemiconductor element comprises a single crystallihe semiconductor material.
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generates includes exposed surfaces of one or nore
pl anarized printable sem conductor el ements assenbl ed
Woposhesesecei vi ng surface. Methods and syst ensPOBUBIVG7/622959
[021cﬂ]aﬁ2m|oaaliv & metied of thepresentiovention fudther eappsises the step of

curigd pfRREng st Srabe. ity BeBRbafEfa el g neinriptable
senfiéSductsradlement ambetied et MdreB @'ixlhg' tAb ??in@able semiconductor
sem conductor el enents via additional processin

elersenrign the ptamasizing layery rBlphadzipgdayaraioh ghe)fnethods and systems of this
odes/ devi ce |nterc nnect ftruct res

|
aspRet 1R pressm iMVaRYRR s 14 Vel 1ok Meshe hicahintediallog arintable
serf R ABPEREMIR AR Y BARRS ol SOAEHBHRH the present
structure. Inarreﬁ lﬁ resent i nvention

invemtiontfatther comprising the stepsiof lpattermmgrpnemsn@resewqmies/ebctncal
crystal line sem conductor, materi al . 0214 tionall
in eg:q@gpﬁtsdo&nq Wé“ﬁf%@’é?ﬁsqdrﬁ}éfﬁqe&? ) PI@é\a”é dpFin

senﬁ%dﬂc?d’r AbmeHt | in'?:ﬂ1j e%%>fﬂ§ %bﬁsﬁﬂt@ glb;?léﬂﬁrc'aﬁdl% é%oﬁ#?op surface.

nari zi ng | ayer avi n € sem conductor

Patlelrmr'fg reﬂectrddeém mtm't:@mniects ban deyadhieuetibyt h@anslklmb&bi il the art
em conductor. el enent in the planarizjing |ay

'”C'Wlﬁﬁa?‘#tzﬂq{é'm"&y‘épsoléﬁ‘cql H@qgé@FPfB/d 9%%‘“@%@%‘1‘&5 te9-5 CVD, PVD,
therfid] dfe Oglfthh hgﬁtﬂfeerﬁ\?; éids\’tﬁ)'?lt g@[&ﬁ nﬁtl(): on ?D:,J softHhography (e.g.,

mecha egra pri nt

contdce pantusg vanmcarnbmtlons eﬁbwseataptldaulyomaiéthod af thed predent
mveg{tlotﬁ gpngyrreﬁ?%%r@:é\égg ! b?;{éé&{tﬁ@é[aoéﬁg {5}:/ E'Engtggfé sSemﬁ:onductor
elerhPASPIETRLSIvird it ofTRE SUBKPARSHa BURICEF Binfila; i

planahizirguthetplotalisl ofypriritablerseanidonductiopeiementy asserhbled.on the receiving
Patternl ng el ectrodes and interconnects can be

surfaedi eved by means known in the art including, but not
limted to, optical |ithography, deposition techniques

[02%%02% Iatnl%(\ﬁoocf’ P‘B thg i %ﬁ%&b@) cci%ﬁsrétegtatﬁltﬁ&tlallxﬁlanar top

surféee @n the mt/mtswstrate hg\)mgmb printablesemitondlicton efsment(s).
naléﬁgfh a nethod of the present inventiagn

Pret%%lv ifQi $RIne RPPYealion the;substantially Plagas 19n BHEace gomprises an
exp8§éc¥‘saﬁé&? 6?%5&98 el nt&lj §mo?1to?1€ 6rré?eﬁ1§ﬁf°s' é_’és%ﬂwcpled on the
(0] e substr g, an

surtace e via con printin
rece(lvmg soirfacar |Pzeiegab|héorp$0male|mboduhepts oftthisl @spect, the planarized

onductor el enents assepbl ed on the receivin
R g A e ﬁ@e'vmses%a&ﬁmhméeetque features

thatHrB §éd fg%ggzt mhﬁ%r‘e%rhpw%?? ligati Jrfscl‘ésg 'ﬂ?:a[rg ? micron and

evi ce avin nta e sem condu
morel pretaralbly for ﬁméap@hbayndnsrless;tfm%m haadmeters HEhis aspect of the

invegiipn s Bseil Lot dereratingeSthicedhab e BRGNS ClECHIRAIN o
lnteﬁ;%%‘?u@e{ A %%Iéﬁgmvlhﬂggr%ﬁ[@ﬁﬁerﬁf %fﬁmlﬁf gﬁﬁ’ﬁep03|tion

NOAa I 7e
methedsconductor el ements asserrbl ed on the receiving
surface exhibit step edge features

[0216] In an embodiment, the planarizing step of this method comprises embedding the
printable semiconductor element(s) into the device substrate. Techniques for
embedding one or more printable semiconductor elements directly into a device
substrate include raising the temperature of a polymer device substrate so as to achieve
a physical state (e.g. viscosity) capable of displacement during contact printing.
Alternatively, planarizing may be achieved by direct integration of printable
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that are less than 2 mcrons, preferably for sone
applications less than 1 mcron and nore preferably
WO 2008443%85 appl i cati ons | ess than 500 nanomet er BCT/UR2087/022959
semigarsitictasfelementsintmpiepattemagsecessedfeajenesriatheteceiving surface of
tructur hat can be effective electrically
the erﬁeé‘i"i%ﬁH‘B%F% ; for exanple using lithographic
patterning and thin fil mdeposition nethods. [0216] In
[ozﬁr] fBAGiHER BibddifeRt, @ﬁ@blaﬁaﬁgmgtsq@p of tHi8 fetiBd BEMprises
onpri ses enbeddi ng the printable sem conduct or
embﬁd@imtr(espnntable semaicdrduacter elemam@t) @ amlzm.galayfeoprovuded on

the EFGERING SRR ob heai ol Subkitdtar o Fik. ol ortbisrgihation. a
plaria®RRRY Y 6F Ri&s 1B aol‘égél‘“@f matetiat §U?H5’ﬁéd B ?né Féc%?vuﬁé’ stlbstrate such

achi eve  a physical State (e.g scosi t capabl
thatcnrgm¢semmunddlatorre¢ememsmm lpa enmedged/drumplmued/mw the planarizing
be achi eved direct int eg{ ation o

nar| Zi n ﬁ L
layef PHsce SHORRATIS: BIEnerieabuets|retnrisbyBelediake Such as low
V|scb§i‘f’yeﬁ§|6§ tfh%?g% 8§pélﬂe"o'ﬂ gfiﬁfl diéﬁ]ﬁcﬁr%ﬁﬁ&er frratnﬁ@mer\1 so as to

recelving su strate. n anot enbo
accpmmmdate prigtest mmm:bndbctsr plenhents c @ptionaths, paheridzng tayers of the
th t abl duct | t ' . .
preaTLiEHTIYAAIY SADIS 3) ChRNFa AT DHESF Ao alianvaltas rggeiving
prlnﬁ@e‘dlg% QSHIé"o“f\o%'éRﬁt |é&hents 1B Hd? eft oéHh@g? o%tﬁé?bv%e change phase or

ription, anar|2|ng ayer refers to a |l aye

viscositesucth thm;ﬂpmenmdzdkigdtmmtedacsenucmrgjwmsélenteatsamﬁheld in place.
ed sem conductor elenents can be enbedded or

st suct
OpticRglhs e\ VeI %PI%QM“P%W?' th aﬁ i pelymerized afer receiving

e GFRRETSE LS k) SRR A BA b  pomer

~ layepltiyatiis afoss Iaykedcaftes mecaivingedhe mnm BEnmmcm elements.

accommodat e printed sem conductor el enments.
o2 8, Rk ben A o 5 ol B it B 58
pro\ﬁaé& fo fr%cr%émggy@um@ﬁﬂ ﬁnﬁﬁm BRUUH &hd §b€éE‘i{Ue?1tl§/‘&ontacted with

harden, solidify or otherwse an e phase o
the pnetabka sgmmnuucmelement(m)bdd dlmd qmmbammént,dhe Elardwizing layer

recc%llefﬁ] rﬂabl@agpéplcp lgctgf élﬁm%ggqsé{%{edic}}g}hq rgceiving surface.
Alteﬁi%t%‘é{]gﬁ%?rﬁetnﬂnvreﬁ%h Yo éé“ﬁefﬁddétﬁll?ér%lm the planarézmg layer is

" semcC or elements t1 onal t he anar
prowdgda to the mcpmlr)gmurface/aﬁtertthatste;s otasmnblmgdﬂaé printavle

eI B MERTEhOh e arei e SUBtho T BEPRimar, the planarizing
Iaye‘P'@BﬁNn&'éd“Qo h@X@"flllJﬁ' oP bg‘f’% QE%%BnE %?tﬁeeféec'eWﬁtg%&Hétfﬂé Qo asto

or structure thereon an sequently contact
planamizeghe priatedesernitioaduchoc elemeitsnent (s). In this
~ enbodinent, the planar|2|ng | ayer receives the
assenbl ed

[02‘4%@C Z’tha;?alr{e ni'i ggsggfj &Ft%ﬁﬁ%@ qsgé |ont may ﬁpg’g)éﬁp a range of materials
uncludgﬁg :Etljtgrfbt'IlﬁﬁieHQBSpHI‘?H%‘Pgspr\é/BS&ﬁié?st&ﬁnﬁéﬁ%h@rl&% having a
polymer component, gels, adhesives and combinations thereof. For some applications,
planarizing layers preferably comprise one or more low viscosity materials capable of
physical displacement or rearrangement to accommodate and embed printable
semiconductor elements. In an embodiment, for example, a planarizing layer comprises
a material having a viscosity selected over the range of 1-1000 centipoise. Planarizing

layers for some device fabrication applications have a thickness comparable to the
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provided to the receiving surface after the step of
assenbling the printable sem conductor elenent(s) on
WQ h@si¢3ses vi ng surface. In this enbodi nent, thRCT/US2007/022959
prln@mﬁﬁemmﬁguc@y élemenigasseakipd en asreceiving surfagceprin an

emcBich ot B SRRl Bveh OE I TEBSHOCRSHENL AR A8 fetected over

the Hn@@&fflw mehdrayers too1 00T mEreASNIn Eoimesmbadiffdnts, a planarizing
I ﬂ)rlsearaneof materjals including, but not
ayer p

hecresent ipyeptien bas pribiskngsa:similac (ergo svithin adaetor &f 4.5) to that

of t@%ﬂ%g@l %ﬁ@%gﬁ@@g?&%ﬁg& gggéé@Bﬁ%d&ﬁ]evrﬁgewm surface. Inan

embdld#fiani thientBickAyss éf mreq:flsﬁm!. ? m@m §é1e@t@€ c%r R Aarigevef 0.0003
Vi scosi ty material s cap ab ySI cal di Sp acenent

mmde Or3:mm preéerahly foosmecappmdah@me@a’dm%p thentamigesof 0.002 mm to
em conduct or el enents. In an enbodi nent, for exanple,
0.0 HPanar|2|ng | ayer conprises a material having a
viscosity sel ected over the range of 1-1000
[02201 Nt TREIpFEseritlirMtibAl kb IMdKRIeS dfticaP rﬂg\ﬁoﬁﬁ)nsmq planarized
fabrication applications have a 't hi ckness conparab
printable sespidomdublos esementisndoancemeodimeant sa assugdridedtastbased optical
ng surface..ln an enbo
systpfy g PerbreR R o bRt Adbvies sistle baUiRg a receiving
surfaéa; eHied) &vé%rnotrél9|arrﬂﬁ&@dqirunlébleéem@rﬁﬂmdr%lé&@ﬂ% supported by the
m crons. In sone enbodi nents, a planarizing |ayer of
receivieg pudaeenwhemgnthemlem sabstrete having thierdrieaor meregprintable
rlnta

semitendich st Rls B tiecupsBarinifu et Stdes el inciudes at east a
ponﬁir'f SR8 prinfate sEMSHAR YT dié®ehty, Wﬂé?éﬁ tRé gghﬁable semiconductor

planarizing layer is selected ovér the ran
elements comBisera uplrtawgmcwglawcfsﬁmsonduetppsirueture)havmg a |ength selected

| d f 2 I 0.02 0220
tron s GG S ADL i BFtErSty frdd uliesgis aapclisigqed!trom the
rangj@ﬁip 0L G00IMRiMBERTS %68t 00 mlifRER S 8RY %Otﬂﬂikﬁbgﬁ selected from the

el enments. I n an enbodi nent, a sem conduct or - base
rangmoi €000 1smélimeters be QOMhmaterSnmamembammpnt dbs priptable

semfretchisfot <ipBRhY FBRMER AsaeiBiN e ind A ferath selected
fronPtHeingB bf by 0bNRills ety 01 BoSHNIfrRERTs, V&?fef"fwwh R@|1t2¥d BBm the

substrate having the one or nore printab
rangeeof OdRimdtimetars dore3N mllhmtemepm@bbjnfor abing empsimahons a length
ort| on_ of

40 055004 R o s o
andd 6M0aPhflimRiars 36 Mt aliMmetere %?éfb?a B dote QPHITHatt|6F1¥ a length

I norgani ¢ sem conductor structure tﬁ)ﬁaw ng
Selesmdefc:omdhe range bé 1 aillimetsrs to OOOmIImnetbrsTanelreswidjh se@eted from the

ers ect d fro e aof  0.0001,

rangf pf 1riEérer B bl eleree fope <SRedinent dis edatable Ssmiconductor
elerﬁ&ﬁt%ﬁn@&lsfersoé'Sérhﬁ:dn@ﬂ@%r%iru@t&@@@@mg'é H|él§{e%§%e1é2:te°d from the

lineters. I'n an enbodi nent rinta
rangseof OIS cmdlimetessiant0.3 oniflimeters, areferatﬂy)futmnn applications a
thlcfﬁéslécsfelfec%eg ?r\cl)rr? 91eara|n%régc§fh0 %)‘5'2 mi Ilmeters to 0.02 millimeters. In an
embodiment, the printable semiconductor element comprises a semiconductor structure
having a length selected from the range of 100 nanometers to 1000 microns, a width
selected from the range of 100 nanometers to 1000 microns and a thickness selected

from the range of 10 nanometers to 1000 microns.
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fromthe range of 0.02 mllineters to 30 mllineters,
and a wdth selected fromthe range of 0.02
WOorRdoBilgmwsers to 30 mllinmeters, .pref_erablg f or PEDNB2007/022959
[0223hpOptianalin shesystage of thelpsesent inventioniferthencemprises a planarizing
ayeidBE, 5 o ok bR P Sl 5 6 el
I i [ lri I
S e s A BRIk (N Plehel BBy S 1B Sfstom of the
presa_r\v\irt_s?emicsreltbetpeidltable settieonductps edéments rei pristable tedect®nic devices
or elBehPRETHAVICE OEPERRIIE: St LEDSaSQBhHElsh Rersrsensors, ransistors
. r . . Vi' i
diodBb! B GERGIARY IiEgRISd bERGS InRNBRARIYPIA bES coRfifthent of these.
for sone applications a thickness selected fromthe
[0222) nGigusés B4AENAH4B pravidesssehentati2diagramsrof systemisrof dine present

ST el -
seminBGERA eflérﬁght%rybfoaé}%eerﬁﬁ?m mne%wgfésq&irég&ﬁooo itself (See

mcrons, a wdth sel ecte romthe range o
Figune5d AR De alte tnatit €I 0n & placarizing thyar 5020 k{BexsFigate64Biprovided on a

ool 45 B HRENE s oA o S Bk b 540 o
planhHzéd %bnﬁgjﬁfﬁﬁ?ﬁ ?ésugtfsﬂh %”BB' bbled @E Rac®5015 &‘égirng%tst?lﬁsetantially

recel ving surrace t he device substrate,

planar geomigtry veitioh inohgdes some ldeviation frone aerdixsdiigd plandrivenfiguration.
[ er. Inasstegof t he present

| anarizing,la .
As Sr’)‘ﬁ%‘rfﬂité%e tigiresy itap gxPeSedt Ay PRI incyding axrosadesurfaces of the

plan8Fiz&d ﬁhh?ab‘?é EGEE&H&E@%@&%?@S@'O%H@N& d&%p8ed surfaces of
conpohent’s, such as , solar cells, lasers,
substeate G060 drrplarsarizirng Ryedb02@s Figure S5uprovides s flow diagram illustrating

proc@g%iggrﬁéﬁg Bfrln%ﬁ&céw _Sdf[tggo@tgé)sv_q%ltt&ami y '8 z&ergfég%émiconductor-based
optidl %Zét‘éﬁ?s é&ﬂﬁpﬂﬁhg %Igﬂé}%@ﬁ;ﬁirﬁégé%@hﬁ%ﬂﬁfctér}@eWeﬁ?é? "Huch as
I nvention cohpriSing plandrized printable

printable semitoodoctoebased etectidnicdeNices ardidevicd wontponents.
el enents 5010 are enbedded in the device substrate

(0223108 ik 1556 Pt iredaimias cariigUEmiy s dabisation methods of
the ;?r%%tﬁhf’iinOSnﬁéH fS‘E‘ﬁﬁgﬁk”g‘ﬁﬁ igégg%t%ﬁ%@tc%n%l%étmaﬁm printable

ese Figures anari ze
semuondugtor #lémentsds Wet establisheddp fertipergerdcessingstepsPdbeh as

ithogERHG0d SePERIPR ioesssiich o GuE B RRIEDRIPY SR P fRsults
chardbuf AT Ehes i Sl drPBELRIN SR BoRBLEYg anclor
betvesmm printdblet semiebrdectos eledidhts.n Eapelimieatal residixgarsesponding to
prineRsTUceaSkAE! FRETLS FPBRNANIGH IGHN 1415 EVing Sigp edge dimensions of
290 ?IW CARRFAMI 1 D5eRerdns drdf @.@qﬁic?édwé. hpsBf i Qg{éeﬁg SA5W8'A micrograph

or maki ng sem conduct or - based opti ca
and sohgmiatic showiragntiei dexitepand ekdotricat eantachgecmetries. As shown in this

figurgl, Sgga %ﬁpgaﬁ&%zég‘) ;rlﬁg}sg&g%clégg H%{;ﬂ@%%r)lg B SSved for step edge

dimensions up to 1.25 microns. For step edge dimensions equal to 2.5 microns,

however, a significant decrease in conductivity (e.g., resistance equal to 1.7 ohm) is
observed. Planarizing methods of the present invention, therefore, have significant
value in minimizing the magnitude of step edges in assembled printable semiconductor
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[0223] A benefit of using planarized device
configurations and pl anari zati on net hods of the
WQe@same3s nvention is that it allows good el ecP€T/T&2007/022959
elergemsatheralpy ACGASSNG PI2BaArZRd dewee Qegé}ﬂtﬁt@ﬁlmbﬁi ot eftective

mp@piefiaiidh, bfaelof HhARAS A CEEERES Pl on or oc2ssi ng.

Fi gure 56 provides experinmental results characterizing

[0224]e Ih apystendbf Hie aspdaemeommab@téerﬁubbﬁmcﬁbeélbmm(s ) comprises a
contact to and/ or between Erl nt abl e sem conduct or

semiganauetar stracherei hawinga lengibiselested &@psbtneu ragge of prazmdlimeters to

30 TSR S iR TEe e BGHY Il 81,608 et s 20

mllllﬁféie% In'H SYAED:. of'tﬁ@%sp@f:t 'fh@ bﬁﬁta’i’)@e §é‘lﬂY&>n@uﬁlo‘? leREhaRls)

schemat’l ¢ showi ng the device and el ectrical
conmtseaa seaicnnductos structushbaving iat tedsé ohie domgitudirtad gohysical dimension

oG s O THRBHIRSE g8 s v s
the Eﬂhtaﬂ@@erﬁ%ﬁddbt@?@%rﬁ&@t(@% prisesZa Semicon@letor szructure havmg at

owever, a significant decrease in conductivity
least @S\ﬁé@@@tx@nmj uhlysical dinvensiion) s¢lscledsfeomdble ramgemal 1 millimeters to 10
tian her ef ore

mill eIy o ey g Sl R Hsperiibs pantable SediianGuctes Hement(s)

conﬁﬁ@;@g d SerARoABHEBH sf?ﬁétﬂ?@ﬁbﬂn%%‘l&éﬁ@ dreirosd %@%ﬁmﬁmension
thereby accessi ng pl anapzed dévice geonetries capable

elecﬂecéfrOEtme\rangeplf Qr%}QBamlluneta‘rs tmOiacmiliimemrsolmacsystem of this

aspffk e SitaBEr semicatductor Slelndiii SPriisssiaedmgonductor Structure at
Ieas‘i%‘ﬁb%‘?aé’é@é&fonﬁl HHﬁérﬁ&‘ 6n Barcrsd ﬁ‘oh%@#ﬁn?@bﬁ@%@ rﬁﬂﬁﬁéters to

the range of 0. l'ineters to 30 ters, and
OOMHIm&wsected fromthe range of 0.02 mllinmeters to
30 mllineters. Inasystemof this aspect, the

[022@i t 2b| Syt egﬁpoug t or enrﬁéh%p&; ?@gé]maiéiﬁggf S\anarized printable
semi@stuctsh éléﬂneﬁf!é@uﬁ;iéne‘@'} W@&U‘?@c?ﬁn@‘&ﬁﬁc@r ARekdig said device

range of 0.1 mllineters to 1 mllimeter. In a syst
subsiraterhaying paidtprintake menncmﬂte:t@reeieumu bas san@mt(asﬂy planar top

surREManinudes ALIESSRS ERtii & <aiTblfr g8 fudbie sERiganuctor
elerﬁéﬁ‘l@evaréln rélabh igT8BRS SriftablbGemicbhdBASF Slenidht %oﬁ')éb?fs §la

of this aspect, the printable sem conductor ele
serrumnﬂuogy§two§5m hayingia lengtbiselacted tromalhierrgnge 0If @6001 mnlllmeters

R8s 2 WA selEEd FoRT Rl aRGR &, L8P} miiddf&to 1000
m.u.ﬁfetéfy ancha sieknedd SoleéteBfrdth thé PARECHId B TR0 18hRIEEElSo 3
conprl ses a sem conduct or structure at | east one cross /

millis¥atetsonal di mensi on sel ected fromthe range of 0.002
millimeters to 0.02 mlllrreters. [ 0225] 142. The

0258 S AP BEA BE oBr umhd oribnisasa pgnarizing.
layeYpréAded bAcRicf Fet@iving Saf8ce W84 dbvicd SLSEatE Svherein said printable
semiconductor element is embedded in said planarizing layer. In an embodiment of this
aspect, system further comprises one or more electrodes or electrical interconnects
patterned on said substantially planar top surface. In an embodiment of this aspect,
said printable semiconductor element is a printable electronic device or electronic
device component. In an embodiment of this aspect, the printable semiconductor
element is a LED, a solar cell, a laser, a sensor, diode, p-n junction, transistor,
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substrate having said printable sem conductor el enent
has said substantially planar top surface that
WO p@BOdESS at | east a portion of said planari zeRCT/US2007/022959
integriated aincuit eacomponentiheseefirdnian embedigant ehthis aspecti the printable
printapl e sem conductor elenment c rises . a . :
et BfRs G BRnC B e e s R SRR Cor R S Ktihe ptagrateg,ith o least
one lRitlonAnStradtule 9918ated frdrTRé BFup Sordi&thddf: hh8®ie? s8micbnductor
wi dth selected fromthe rangé of 0.0001  mllineters to
struatoo®) arilielaatiie stractara) cantdbctivensteuctare, andeuh dptioal strecture. In an

e i S T Bk EL A g gSh e
senfiRUCERStucRire riﬁ‘t’égfétéa V\'a@%é’(r IeQét%Heﬁ@l@cﬂBni% %ﬁgfe?onm ponent

recei ving surface sai evi ce substrate,
selestadifrpmi the agsbep sensistimgl of: taor eleCteodenta dielextieldged amoptical coating,

said plapari zi | ayer. .In an enbodi ment of this )
a mg@ggﬁt’ac 9@@ @Ha]gqﬁgrﬁ@pnggﬁﬁgf chaane),dn ap ermp%élment of this aspect, the
prinflee S AKERIREICE ReEhEfss & MEIER oo B R FFarR of 100
nanemateistent 0@ Mmicrons. aspect, said printable

sem conductor elenent is a printable electronic device

ectroni c device conponent. In an enbodi nment of |

[02:?7{]i SJ hedqesent InveNtan inFikigee odher steeqies dor avaitkenmitigating the effect
of stepbagesif etfatiEhing Seb T8 corhet B8 Betweerd P andiofbetwecn printable
semid¢undector dlementse nincetinme embaidirhbnts, g examplé,the printable

ri nt abl e senm conductqr elenent c rises said . .
semiaRtGIRI RGBS A - b eate R BriBRIACWENG Bt leaskone side having a
hE oSt ; fr r .
slopfff ot offeRkisS:dredhall1apelifg B’ THE 255G IR provides a gradual
chadge htther ¢dges of thet prirdablesethiconduectst elentemt,cas eppbszd to an right

snolbeo e e oo Bt o byt il S igoncuctor
- ; et . |
clerff SSBU  8EHHOR S A Rc BB are
assembadssuahgthat a side baeing Irtlun@l slopingleddeys) isi expoggdupoarcontact with the
[ a netal contact

t I j ng, d and » _
rooclinySuHaGe: O CIRMETY SloWa RCERBb I RERISUBSCRHPa: processing on, the

exoB585 e PGPS SR ISP AN o bERRRII A R doompapt. The

presEdd ofithee sloping] éijE8) of The prirtabletsemiconductor elemiants;sherefore,
otheh strategjes for avoid or mtigating the effect of

redugesdhe dpeact of slep 00PN e @iRting electiical dMgecanngstion structures and

elecidldagen to and/or between printable sem conductor
el'ements. In sone enbodi nents, for exanple, the
printable sem conductor elenents are fabricate such

b. t haElecteicahbterconnhection bising Meshand IGrid Eléctpodes or
ot herwi se gradual |y tapering edge. The sl opi ng edge

ovi des a gr.adugl change at the edge of .the printable
t0228t 6 ie e it Binci4150 4101 d3e HeiaS GEOmp e Apd RrRiEBSIng methods
whe‘i@iﬁfdrgglbéfricﬁm %ﬁa@ctmg%nem% gridIddifodeigtisel tb Bfectrically

printabl e sem conduct or

interconnect printable semiconductor elements assembied via contact printing. Mesh
and grid electrical internconnection elements and/or electrodes are optionally
assembled via contact printing methods on a receiving surface of a device substrate,
optical systems or optical component or assembled via contact printing methods on
exposed surfaces of printed semiconductor elements, optionally using a conformable

transfer device. Advantages of the use of mesh and grid electrodes include that fact
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element is abrupt. In these enbodi nents, printable
sem conductor el enents are assenbl ed such that a side
whaoosngpeBhe sl opi ng edge(s) i s exposed upon coPEETB2007/022959
mat\m@)hcﬁlfhbereéf@étl\(ﬁlh@agﬁfﬁ&ﬁ:@efmfg@ @'eaﬁethegemr allowing for greater

oG8 TR 7 RigBBfher L HBRTAGY bt BEBGRES SORicirub RS GRS dssembled via

conrabreprmmrrgabue mTﬁfsC;ﬂ'666§§rﬁg ahbRIRIgtsadVartagd Fssuits @ aNBlaxation of
edges of the printable sem conductor el ements

proqers»ern@f@fetrarréa apdglevice gemaetry trleraneps inuplved in contact printing-
rical. inerconnect i on st ruct res

bastd bESBhH Aintae sERicomOuce HIBGRRLS  Fan EXEHE  Nes Af mesh and
grid: %'I’éi:t e@ daﬂoe@é\h&dﬁﬁer{c%ﬁé&:ts rf?éeﬁﬁ %Ia‘x@!%& g‘h‘hrﬂi plRcement

i ncl u vi ce geonetries an proce sing et
consthaintsi cm the alignmentaad positiorduaftthe grimatile semigondiuctor elements

electrode is used.to electrically. interc t

assqnBlRcL iy Comant imlinge /Bradelio Rse of SRshAR 0T lactiofge allows a

g P RIS St RIGT EmE Rl o pectag S etfcally

intercioanecteddnta ginglat( ongmraﬁtriwaimrbnf prroceserngrsmg)ss uFfirdioer, tHe thickness
bst ate tica st ens 0

andfs 1 aRr Shmesh BaiidleciSes a8 Secrd suethiben they g opically
f

A S S A AT s

reqlegztraagmsssaﬁn oheleakemafnetis adiatibrgthrough thet medb or grid, such as

d'Spﬂ?&isc Qﬂe o %‘Qtsag that‘%ﬂtigggsgfi%gy;%%;\g%r’qu\,/\ﬁn,qéifrpr&tional optical

t t 0
syst@ire Bisont StRnafie, e G618 B fn 0% gptcgl fransparent
at arserlerﬂedrg/adetangﬁhofselpctvomgnegc eadiatiesi gn advant age

results in a relaxation of processing constral nts and

Vi ce geonet.r 0 era i nvol ved in conta
o244 I A allimbsl SREPIS T d Hiesbrb nyenfia raeriss the step of
proﬁérﬁﬂ%ﬁ&ecﬁeéll &Gl gl &f m??ﬁ"hé @tr Eor‘?t'aEPMtH‘A?Feasta
devi ce |nterconnec s significantly re axes design

portrmtjofrthamlmmhle semicormlucter elemehts adsegnivted onaanckceiving surface of a

GoRS 4T B BB P A Rkt
portiEPs¥ tAE ‘E)rﬁ'iétﬂe %bﬁﬁédﬁﬂiﬁ:?oraélér?ﬂéﬁtsa Iha{)rggmpgmntofhe electrical

pri nt abl'e sem conductor elenents to ectively
cona¢ctiony fremlithg grrdtmrmeshrtmsaad printable isaglieonductarredéinents is

estalifhed by RorBc BRRRhG Fri.ghd o "ﬁeﬁsﬁﬁg&r@r@t&? Dol el gectrodes or
eIec’Tr‘i?éaﬁ*ﬁ‘rﬁt@Fi:o‘iﬂ%@ﬁtr?1 §fruétb?é§ rﬁrs%n?é’bfﬂ? |c‘af %r%@ﬁr"sgﬂ.tthe present
e i npl efrented in

l'ows these conponents to
rnveoponc dihesstep efrpraovidjng then grid oamseshsisi edectr€al contact with at least a

h t h id
port% cp{t th %E%%%grn?ﬁ{g{ I n|qtlgr[ngH ngqsgaeq? r@g?(/ila contact printing-
; .

s 0T LS GRS g
elastpredale.gr, #3MS) stampt Irassmiecarhbodiments, dogexarople, this processing

el ect romagnet.i c ?diattion. : .
step comprrses e step of transterring the grid or mesh onto the receiving surface of
device substrate via contact printing, and subsequently assembling printable
semiconductor elements on one or more surfaces of the printed grid or mesh, thereby
establishing electrical connection between these device elements. Alternatively, in
another method this processing step comprises the step of transferring via contact

printing the grid or mesh onto one or more exposed surfaces of printable semiconductor
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[0229] In an enbodi ment, nethods of the present
i nvention conprise the step of providing an
W@Rk@sti#dedal | y conducting grid or nesh in el ect PCT/EB2007/022959
eleragnis previously assembiad ontogberecgiviog sunface of theadewice substrate,

ther§ 67 pSRBING o iEE XahnBETa Befiaeli\uhs® Beick demens

el ectrical contact fromthe nmesh to at | east a portion

[0230] t [ieamsthe aRbBdfeantc Hedprelsent RVERRSH ?rovidésaé‘ method of making a
enbodi ment, the electrical connection fromthe grid or

Sewmductorsmsadmpmahw%emmmmmthﬂ steps mdt)s)roy,ldlng an optical

compppeRthaVEa anintentadineBet [ peSvidpod decficall E8iducting grid or

meshéieE&ANARTHAIYUrRCE W sHiESptidal ésmboﬁtenf 'a.ﬁ ﬁfbtvid?ﬁé a device

systens of the present I|Invention.
subsirateidiving a Inecegvung sorfages(iv)i asserrmimgua:plmaimmohpmntwbteh

seniordbRids efiehls OsRhbia o a3 SRRt Sha.contact pinting
whePélﬂcéea%ﬁl dfgsﬁalcf gﬁgtﬁ’bg?érﬁlcﬁﬁhﬂ&o?e%@ﬁé%ﬁﬁe;ﬁ%&ﬁ?nductm

devi ce su toneric
strustune hawingdi leagtts seleoteddramthe rartde ef nraﬂﬂasmlllngewrsel:o 1000
i ses the step of transferrj rid or

m'"'mﬁngrst RViFELe71GE e fraip the range Heita 1sru mt@f%tqm&)oo millimeters
andcaof?ﬁa&\tglsg%b@c!t&gfr We%@ﬁ@%’f‘@bbdoﬁﬁﬁlﬁ%lté@% 3 millimeters; and (v)

prin e sem con uct or enent's on one or

transterfing saidadpticatcemponent faving saidrgrichor mbsh ébgaid device substrate,
est abl i shj el ectrical conn i on b n these

wheiip: 530 BPHAHL GOBTPORENE 1§ RATURIIEN O PRSIt Seriansiucias alements

ass&MBIREGH ESlderFQaBQEPéIg@iE?JrE%e%f %@loo%uﬂgtr%@éf\ﬁﬁér‘eﬂgséf i lectrically

contact printing t or nesh onto one’or nor
coneugtingegricar nesbds pfovidedbetweerssaid optidalctonmdremnt and said

semfiaduatandlenBatos AngHIaTE) S48 S8 AL 87 Bieehiis peayded I electrical
con@%?%ﬁtdt@%ﬁ? Bn"olﬂﬁéﬁi p&rﬁﬂéﬁl‘é £hfifEctor le?h%h& Mn an
t he pres

anot her e ent 1 nvention provi des a
embuelirmedt, difie prkiable sem@vndaoibn elemehtacomiprigets & sémivonidestor structure

navigg b iso: gﬁ'ts&e%%tr G inarandadt S73 mulmdidie e i limeters, and a
wndtﬁI dctbG 7l 'rrY tl'ibofé‘i’\gt%tdf” O@%ﬁhrﬁétef?fﬂ“ %q?mﬁhgte!ré‘tp%f%‘?ébly for some

ace o sald i cal conponen provi di
appwcmtlome a ldrsgth aetected from therrange \of r(g1 swiflinesters toi ¢)millimeter, and a

wiotBseied Tn u ngecas s Misnplersio dr ki ates petarably for some
appliéAtichSd _h ttPééIFHeGgrroﬁWﬁé ?édbseearch rﬂﬁu.n%&bgsum@hﬁ%%ters and a

sem conductor elenments co € a semcon

widthtseledted érohathmgm@eldngirﬂnlhmﬁtectbedOmemmétbs rlara}eembodnment the
mllimeters to 1000 mllimeters

p””@é&e@?@dﬁ%ﬁ?o{' t?éemﬁﬂtg“é)rﬁpr l%ﬁ%@é@"}lﬁqfﬁlﬁ&fé@lc{lﬁe aying a
thlclgﬂé(ég Oﬁé&éﬁ lfr%'ﬁﬁj tHe H?\'lg%‘igeé ?)p@@'rﬁ?ﬁﬁé*efsr f?)”bté‘@llﬁr%ﬁﬁ's % referably

I meters

for stamabphcatlmgssmmt:kmptss Gelectathfromethe rhage of) ;s002ingitiméters to 0.02
evi ce supstrate, wherein said optical

m'"'e&%@ngn@n be@.'mqnsn QJ’H“%*?JE SemicanCI¢leBIRpL EPBPTISES 2
senficdHIRRIGT structure having a length selected from the range of 100 nanometers to

1000 microns, a width selected from the range of 100 nanometers to 1000 microns and
a thickness selected from the range of 10 nanometers to 1000 microns.

[0231] Optionally steps (i) and/or (v) in the method recited above is carried out via
contact printing methods, for example using a conformable transfer device such as an
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assenbl ed on said on said receiving surface of said
substrate, wherein said electrically conducting grid
W@eroogas$Ie3s s provi ded between said optical conpPEGBEOB20aT022959
elastemaerie stanpntiuan embadiment, she ele@tmwy@ondeahirtg meshlor grid

comiiss She i ot MBI i emttocinent, ik efealisdiy cohtilettig mesh or
grid %ﬁiﬁ’r@eﬁ -orleodf Pé‘?é’rﬂid&%ﬂhcto‘r hRatBriARt 3Rl eTHethOd of the present

sem conduct or enent conprises a sem con

investionctherprintaile rs@nacdaremgnbr alement edmiprises ahmmaayl grgdnic
0.02 mllineters to 30 mllimeters, and a wi d

semicanductay stiustHrent a grrjod of Heppresent inveotion the pgotable
I
s PRl YRt AFpRELY S CRRIARRL ORIl ot
m [limeter, and a w dth sel ected fromthe range of 0.1
[0232]! lin BBImrmethmdi; salblstembétranﬁeemg sdit optioal component on top of said

serrﬁ&?r{dq%@%r’ gr%pgtsllg tm le legﬁtag ofg:ﬁ% Fq%%a{u?g &ﬁgéq éfjsald substrate
o » I
conlg R hENNGSa i bR b s bRt domonts

assemlmsrd GNdES?Id @eszlnaldcredewingrs%wtgcg% Slsa&i *lstlabstrwe asingl cdma@tspnntmg.

t ters t
For SRRIMPIRSTePO0B a1 ISP GeSURRR INGSIa tSteR of Ssembing the
il IR O b B ot G o RO bt prining,

optierallycusing at conferineatsie transfepidevize sucheas awetistdmeric transfer device.
structure haV| ng a length selected fromthe range of
0, nanonet e a wdth selected f

Srot.
[0233]c Mesiyer @ids; fHé%ﬁk@ranCr@?merfeooe% stiushires qndlor electrodes may

cont SR SRR B0 A D8nE eI ind RoARRTRLRTS (HBuaing
doped sedcoreduntors).elri sare zdmmbuﬂlmntsarmesmopgmsm@efobm eletctrical
i nting nethods,  for exaa&]e usi ng a_caonf or mabl

intefogRerbstriRlyiesridierelctianes maydiaueia thickiess Selcied over the range
of 19%‘3&1@8% tot fHRO0R) Rfrdns aUFX o?mﬂlé%yd}%\gﬁlrf%?tbr 9[1% Sr mesh

nMprises one or nore neta an enb

strueimees is usefuhfoc somhecdmbodimesits, @s these strﬁnglres ean beempiemented
re sem conductor materi al In a nethod, of th
SUCE?f&téﬁ?y ArR/epliGally trqrﬁ@afﬁntn s GRAMPITRBRAIIRG Breateriban 10%, 30%
o, &/S t
50% 8F P09 gldept %@Ebfoh% I&%q}gﬁrm ggﬁﬂy %eél%(ra?t%? gﬁ\}g &ngth. Fill
factezsrxpfcmeslm ot grid estren’&mes tmrqmmes applicationg range petwaddn 5% and 80%,

prefé?q%y gg%é%ﬂi@ h‘ sem c%g%‘;@[ﬁlgni‘g @8@%@%}?0( gr%li gvuctures
havﬁgc%f@ﬁ%&@gg#mé}{3§3J/oqg%rpéf§r@asenbl ed on said on said

ace said substrate conprises printing
said optical conponent on top of said sem conductor
[0234]e Mteatsorgric shlctdremussiuifoo eletichl irdeionnect sttudtms and/or
f sai d substrate usi.ng contact |?r i ntipg. For exa
elecgr‘gdﬁ I

the PrasenIveBHEN MAXARYAANY Bel &, 'nﬁta_edsp@@a&ﬂed and/or
encABSSARLA ki, 1t SRR 7 sl SheWattn il it s
bonded to an elastomeric layer, such as a PDMS layer, to facilitate handlmg, transfer
and/or integration, for example using contact printing methods, optionally using a
conformable transfer device such as an elastomeric stamp. Useful elastomeric layers
for some applications have thicknesses ranging from 1 micron to 1000 microns. Use of
an elastomeric layer in some embodiments allows the grid or mesh electrode or

interconnect structure to deform and move so as to generate good electrical connect

Page 65 of 98



10

15

20

25

30

optionally using a confornable transfer device such as
an el astoneric transfer device. [0233] Mesh or grids
W@ g@BO#36aS el ectrical interconnect structures BEEUS2007/022959
withgiristed sewqwcmmmeet%dp some:lembodtmemtsemeahesh or grid structure

is algcgﬁ]ogal:ggﬂgtao alpsorf‘ r'?‘“g gg%gﬁrc ; Hﬁ O\' M falngege%bodiment for
exar‘v\Pﬂéc the Afesh cﬂ‘drfd Stlcthirtt |§rrﬁ@éﬁh€iﬁéalf§/tdd&g1édf t%sarﬂéié/sﬁfmenc layer

ectrodes may have a thi ckness sel d over
coumad g@ antl alglasa0o petymer subsiratmolmsame nenfugwetloms tthe elastomer

[or.|low, t or id or sh stryctur
layef Boberitiodad bepeesiBednedh oL ot sHRtes abil fi ofRs ot pgymer
sub?f%ﬁggias%r e'@f'ntﬁ 39 Oéé’rg )*}gﬁgaées % pga)éss?nfrteptol‘i&ﬁgégsﬁéﬂgrealte facilitates integration
of gdder nBxxh &leetrode @O Hitericonnectddnictueks into@pligaksyistems of the present
. di ati on having a sel ected wavelength. Fill factors
mveg?on.esh or grid structures for sone applications range
bet ween 5% and 80% preferably between 10-50% In sone

(023 RRETERAR kP et B afibPoblrEl HEDARI Sructures s
bengficial fot establistzing lmen‘tud:alfoonneblﬂmt of & sdngendfgprimableemiconductor
struc:#res nd/ or el ectrodes of the gresent i nvent | on

elementso GRtignallythg Printablgiseatieendysteriemeakindhgse methods is an

¢
clechRR S GE B pBRbBol AoboBERHLE S S ML e, a o
cell,| aagemsorsadiodes; astratididot, anela photoidiodd. IOmtoaahya,rtHélpn@table

semigdichis clRROHS! eRe rstheds has prGichnEs epFERI fom the range of
100 aﬂBﬁfeﬁér%"Hé@nﬁH@oas an el astomeric stanp. Usef ul

astomeric layers r sone applications have
t hi cknesses ranging from1 mcron to 1000 m crons. Use
[0236] aln ah astbodiment, rtha/presient mnveatiempoalidena sealitandiictdrebased
od terco nect structure to

grid or nmesh el ec
optighlsys T AaMPESInc ) Savibe usiaan awae afeceing.surtace; (i a
t
plurgRpSS Bt BB RTIAAEN! AUppBEHY Said €A surface;
wheegin@aet af said primtablet semlmohdastogbmmcopmr;seera semlconductor
strate.

strudira hatingea bngt sSReeadram dhe jAnas o) BDAGY milimeters to” 1000
mllllﬁ'le@értsog%bﬁ'\ éélé‘&bd(?&}m‘l; @[ Ogt‘)(ﬁharﬁﬁl tt d’ W‘Bbo m||||meters

substt at n sone con Ions, the e
andiasthfokeies$s seke«ttdmbimmethetrhagemﬁlﬂ 0 1010)) rmlllmbtersttolrae malnnheters and

D
semicYrRRICRr demehtsKy éhl& 'r@@élf{lﬂg%uﬁ%cé NhedFembBaiment, the
structures into o |cal stemso esent

prmiablesemmmndpom@]emleat ccﬁmgmse*s asdmmidueto&@tnuotiﬁe having a length
seleBlEacoe: e Po9S Bt GBp MUlimedeiaitacep ullimelBionaed foideh slected from
e A0 0SBt KTYTIGHELS, AATEON S apltons =
lengtls salected from the range of 0.1 millimeters to 1 millimeter, and a width selected
from the range of 0.1 millimeters to 1 millimeter, preferably for some applications a
length selected from the range of 1 millimeters to 10 millimeters, and a width selected
from the range of 1 millimeter to 10 millimeters. In an embodiment, the printable
semiconductor element comprises a semiconductor structure having a thickness
selected from the range of 0.0QO3 millimeters to 0.3 millimeters, preferably for some

applications a thickness selected from the range of 0.002 millimeters to 0.02
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el ectroni c device or conponent of an electronic
devi ce, such as an LED, a laser, a solar cell, a
W@ 098043638 di ode, a transistor, and a phot odi oRPE&T/US2007/022959
millimgtersndn lap, erabedimentt the ipsintahie @enmmo&ctwl@amant temprises a

) T T
1006 'ﬂh@r‘?ﬂn@eﬁt\md CMCER EH’?’FHP{QeOch POOWar8meters t?i 1) OOaO microns and

sem conduct o ased opt | stem conpri si ng:
a thldbnessssdecmdrfmm theavange of 18c@nomedersuof 40@0 micionsa
plurality of printable sem conductor elenents

tozifip@%b‘pﬁ%vssﬁmé%'ggmbiéﬁ'a%&o&d glos pisthetis ase 2sssmpled’on said

I
oo SERHE b oAy Ry RGBSR el ) minatc
strumuda hOptibeally; thé metaltgril oamgsh is boOnda O am Ielasnmnens layer, such as
a PO eV 'abﬁ?s%%é%qé‘%p%%%‘eéﬁé ?t?%%@ssfﬁrﬁ%%m% gf §baipd to a glass
subétfété wﬁef&?ﬁ §h|d9éla§to erl@ﬁ ﬂ%ﬁebﬁeﬂv@éﬁ "shﬁﬁgetal grid or mesh

contact wth sal ural i y rintabl e sem co
and shizhglass sabstpatet @btmnaﬂw Im\erreetal grid @r snesheisqprovided between said

receg oL BEGE And SR BRAaBIeBCPIONAIPL SIS WHTGRgH, the metal grid
or n@%‘l'\%&get idé@Bhidie 6r3rﬁ é’)(tefh tzsed(]‘?éfde%’ﬁttﬁé Bnﬁféb?é)s?mlconductor

ers, andavm romthe range
elenderi8. mptianaﬁy eretak gndSGr mielshiisreptically tmrﬂ)areihla_)ndﬁcnrrhas a fill factor

S atlosalen sel ected fro therane
'essdﬁﬁn #ﬁP/?u b@t“ef'%'  he PRR %i' rvicongdygtos eigrpemt %)eqoé'b(?f&? a unitary,
mor%é@?g P’ﬁ?(S fordtriitdrem | 1imeters to 1 millineter,

r sone appl ications a |length select ed
fromthe range of 1 mllineters to 10 mllineters, and
[0238]windalsysteine of this aspeot] the praﬂgblecs‘eniicomdldotomlema'\dslComprises a
' tabl e

semind bt ALt i & gl Selestei i 1B 3a0ge gf 0.02 milimeters to
30 TSI SRy R 3eldR K TEREIBSHABL S d DOMNERIGANGSa0

neters to net er s, pre erab
mnlllmerte 1$0 rie acsgysteroaf ithia @spect) thek pestabieesernicedd ﬂctoneteme nt(s)
range of Q.00 illineters to O,02m | lineters,
com RS ArRSICOREIBF FHIGIMIE MRS ablaadt B Waidkginel PhySical dimension
Git LhE |
seleBRIENbH 1he TaAGTEON MINREIT [ HIRmBRA 19 avbRif o this aspect,
the mnmiablesseralcmducbtos elesrerd(s) fcompriseea semigondiictod@tructure having at

IeasF SB% {q%ﬁ?gg%ogiggglﬁ%%gfsp&a% ggtptgql Ck&e 33 ol eC1 mchlmeters to 10
mulluh%?&%] |FPR dy3feth of tth 'é%p@éf, m@g}lﬁaﬁm&ﬁ%i’\eﬁﬁ% gletr)r;/ent(s)

el ement s are assenb on'sai d recelving surfa
compoisesatsemicandudor Sipudtoreshaving abledstrehalcrass seationakdimension

selegfecfiza The *aor B0 D00 UiriRiers s o-8 ilas e, fya SiSigm of this
aspé&ctMpé Wrﬁ%bleﬁ%‘é‘mb{?né rél@ﬁﬂﬁt@?rat g‘n@\%%‘%nﬁ&ﬁéu or structure at

ayer 1S ass Su erel n sal
Ieasebaetcmmr$er:ti|oa§1bd|mesnsmjsseleoteddrdmulveeanmfo[) 682 aillimeters to 0.02

milli%reitgrsp IrIn Ireraessyr]'stem of this aspect, the printable semiconductor elements are
assembled on the receiving surface by contact printing. In a system of this aspect, the
grid or mesh comprises one or more metals. In a system of this aspect, the grid or
mesh is a laminated structure. In a system of this aspect, the grid or mesh is bonded to
an elastomeric layer, and optionally elastomeric layer is bonded to a glass substrate,
wherein the elastomeric layer is positioned between the grid or mesh and the glass
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and said glass substrate. Optionally, the netal grid
or nmesh is provided between said receiving surface and
W@ 200d/1g35BHt abl e sem conduct or el enents. Opti oneCT/YS2001622959
substeate) and optionallydbh grid qrrrnesiauajpr@mdedd)eiweenrﬂee esgedvinglisurface and

the BifhtaBfcsarficnbd o8 plbRNS TR S8RaN B fis AySettnfte;aricas mesh is

proﬁdléﬂ 8h e'Sl&?rnél édr’fdce&@ffttﬁ’é hﬁfa%lé Semi Q%Ctg%lé?ﬁ‘é’ﬁtby In a system of
The printaple sem conducror el enent conpri se

this aepeetr the gmd:ogmasb is emore dhaini 508 ophcahlqtt[anspatemzs&j alsystem of this

ste t hi ri ntabl e sem conduct or
asp%qte [& E@ﬁbﬁ] egﬁg %Cé%r‘@ﬁg €$/°st ructure having
a Iength sel ected fromthe range of 0.02 mllineters
to
S o 5T ek annéudortettios K mihtibie SBMEORALERH Slements
this aspect, the printable sem conductor el enent(s)

[0239]np hesnesmtsevemimmobjsm arclude elettrode irdgicognett geometries for
prinfabie, sSBfEcgduchi (9T REr 9uetha8 PANTANG Se@ICOTAHCIRr pyicamand device
m@%n@ﬁ‘tss tREltatd BRROUE ARG Qha%ﬂaﬁéa N8I EIRRLSR as

'$e a sem conductor 'structure hav east on

assémbtg/l viagontdct phgting.aThdseriteiconneetl gmjneeinés ane applicable to a range
il]ipeters to 10 m| ||

r.an of 1 m
of pftaDin Slegtipieidevides 3 FAMBPRSYS IETGRA RS NI SOIAn Reisy LEDS.
[ %.lbd%tg, structure having at | east ,
trangﬁfﬁ?%r%ggegéégc??gna ébﬁlSl on selected fromthe range
of 0.0003 mlIlinmeters to 0.3 mllineters. In a system
[0244] irhas eammhment teeprimtableagd reicorductondieatent of treapreses} invention

has GG QRO U B AONS COBIAT SEHPIUES 4D B AoAgUAds or other
electiddl 'iﬁ?@Fc%hﬁeEﬁbrpsﬁﬁ?tméé 'fé?%ﬁ[?ﬁg élébtg?zﬂ)é%hﬁgbﬁén LAY Srovided on a

aspec t he prlnta e senlcon ements ar
singies sidetof diole printainde semmondugtos widgraemnt. U?/reterabbydbr some device

tabrRplhieBBuca s HERE it PP S vgnawg ofomant That has the
electidf ?:bnta‘c&elsg{1 Ypdsed o‘F%ﬁlibrWT‘seaaé n@oﬁ?ﬁéjgl'gg tg é:\g%?mblmg the

a system ot I's aspect, the gr shis
pnnmbleesemiammlmtorledament emd davtceosmjmsltmtealmmar@;sntmlomwtlcal
a ass..s trate ere
compPaa b s dasiires HRECiAY FEHGHVS IR bIA egisendsictor elements
comBRSlhgeIechific deries tRaNFE o opRfore Bledhicil obntats & dfgrent
compoeeptsi oftthedevicersuchratue solar ee#neFD or tlamsistery h gmintdble
rovi ded on external

t hi t h d h . ,
iR viceRcaNe ARIeh FRTOBRPEIS A JESPBFb bR BeVIoP gegmetry is

| selegbéeo'?/)g ®NIRw MB 8r ARE ‘"eiectr‘iéb? ufléfd?on%cg%'be' prolidfed cH“é‘%{ngle side of

optically transparent. I n a systemof this as
the ptirtablei sbroicondsttohdeviae fandl defvieet compesentt Harsoﬁ’[é’/embodlments for

exaels Lbh AR ISras doReR SonBenensala piniabie saivenyciar devices and
devidb TBmptientSistiédibd And! SH<Patiail &rfandRa B Hib&S eleltrical
interconnects to be provided on a single side of the printable semiconductor device and
device component.

Example 5: Contact printing based assembly on optical components.

[0241] An advantage of the contact printing-based processing methods of the present
invention is that they are compatible with device assembly and integration directly on a
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printabl e sem conductor el enents, such as printable
sem conductor devices and device conponents, that
WO 20081143633 e el ectrode patterning and el ectri caPCT/US2007/022959
rangeelorigahsyste®s ans eplicahBPRPonanisdhersl. ghisnallaws for a range of

usefl 5 FbEscar P BaTEE oBPERER foAR iRt 428 5se Bafla e prosent

fabrfcbﬁbﬁmethbdj@l udi ng solar cells, LEDs, transistors,
di odes, |asers and sensors. [0240] In an enbodinent, a

4prl nt abl e semnm conductor el enent of the present
[0242])y elix anathedimmeateafithis appeehithe psesant imentionprevdes atmethod of

maifiid E bR e OB by dtB oo Ry e providing an

opti€dlyskin e opfical rzcbm/pdihe@ht RAviAgH rEeRiNd Serfade; tafha (i) assembling one
printabl e sem conductor elenent. Preferably for sone

or mse iptiatabie seavganshuctarslementsoon saidheceiving sifrfaceeof said optical

systBfr 0t Sich 2ERRBRRNL i Sonfici etRting. Bherithpdd¥ ot said riptable

semidyduchs e‘iérﬁ@npéorﬁéﬁ@é@é isBehicdIRIuRtdMStARGre havmg{ a Iength selected
sem conduct or el enent on a device substrate i cal

fromsthet ramge rof o@OD%ImIHmﬁjefSetm 1000insillicrasersn ai width selected from the

randg ol 0T HPHErS P Al MiRelest 3o PiaRiges SRR rom the

rang{@bﬁ 0V CTB! hfifhefe?StH ﬁulﬁrﬂef@rfsf e|heem emBBRPRENL! theYrintable
he device such as a sol ar cel ED or transistor. In

semigandustdrelemantconipises a@emlcmdwmr steucture hampgaa dength selected

froanh RANBRG oy, Opsp e e b BoltiRelets nets widih Siecled from the
andg¥ 8V Wnﬂﬁm@té“rh@@' 30 ﬁhlﬁﬁl ?’érst B%f@ﬁab!}‘@?%@me a%pllcatnons a length

sem conduct or devi ce and evu ce conmpon
seleeteﬁ)tuomdhesrang@of é)(hmmlllmetetsetoddapmﬂgnetad ahapewidth selected from the

andQOP L At 8| Beied SRR Lo Y5030 a engi

sele@fédﬂﬁﬁﬁ%b%ﬁbé |y ﬁhﬁ%eté@'to H Otrﬁﬂlﬁﬁé'c@?é?ta%dté’vﬁlﬂh selected from the
provi ded on a single side of the printabl

rangeeaf donilineter talehd mdlimetersein as emimd]meehtthe priatghile: sémiconductor

e B R R OB e RARER From e

ranﬁ 8f mommﬂ%aﬂ-% t&f0. B'?ﬁllﬂﬁieﬁé@“‘préf@\’éﬁh‘/ 'fd?%éim;e bppiications a

are conpatible wth device assenb
thickn&segeeiectted frdinm et rqngemfaﬁé)ﬁ)@endifrnetms tcaIO &glsulhmetersd In an

em%éﬁ{ § e 5@8&%2% gqhg:eo(rljl yF@é Egeégﬁ@t qqrggneeg, 3} éemlco%ducIor structure

fd r
rauB4 SHEM LlsSBTARhusie b D RGRRC A S000Mrons,  wih

selqotarkﬁom thewvange oh 10ovdntreetersita HO@Oahicnend and a thickness selected
m condu t based, opt.i c stem conprising the
fron B, EPGP-61 1 NBRGREIATRA0 AP BM syt e of Jopt i cal

conmponent haV| ng a receiving surface; and (ii)

[02439333n‘bé¢rﬁ§ PMSodIMeRes, ehd bhﬁiafb‘le SemRiBnBiREdH eléthents are assembled
el’enents on sai d receiving surface of said optical

on a contoured receiving surface of said optical component, such as the curved

surface(s) of a lens, lens array, waveguide or array of waveguides. Alternatively, the

printable semiconductor elements are assembled are assembled on a planar receiving

surface(s) of said optical component.

[0244] The contact printing based fabrication platform of the present methods is highly
versatile and, hence compatible with a range of optical components including light

Page 69 of 98



10

15

20

25

30

system or optical conmponent via contact printing;
wherein each of said printable sem conductor el enent
Wevpne®es a seni conductor structure having a PENYS1007/022959
collegding axptigak campenents Jight concenteating optical pemposents, ligdaliffusing
| i nmeter th selected fromth 0
optidicpfrrEs. iGrYuEheTRTa sl eomaents igtiiedno sotca
com%@h@ﬁfs%?hcf éﬁﬁi{é fﬁéréé’fngﬁ a‘?ferﬂb@@?r%t Moy bkaﬁw Printable

linmeters n an ermbodi ment, the printabl
semmnduotmmemena euﬁmasmntablseemmdmctnrb@sed@lectromc devices
tructure havi a Ien% ?el ected fromt

andj@ T §8VICE GampR s,tege gnble gg@erpgelvmsg?q?ge{ﬁafn gﬁ o%ftical systems
or céﬁ?@ﬁéﬁﬂsélé&%tf% Fﬁiﬂ?ﬁ)@ céhsiting df:[ﬁ 18R €4 erlsCa agreflector an

I'imeters, prefera some “appl i cations a
arraye:lf eeflemiorrsr awvaﬂe:gurdm@a a:Ta;Ooflwavédeeﬂ errsoptm:alcoatmg, an array of

ted f th
opt LSS e S o S GBS AL SEe it and

B S E RSB R0 S G RS Bhchycamans ar

assémbledtchean @pgealcﬁordpanddt ionsystent fabtidated by repliea snoldimg, such as a
nbodi ri nt abl e sem conduct or el enent

ey 15 68y IARSAOE B GeRIsR BOIdAA.am S0HRGiRe T PERIAbe
senﬁc‘q it diEMBhis erﬁéﬁﬁ\kﬁéd Bn(?aolgéMg Hdé&a%”q oétzcaéll Qtrctirre, such as

neters pre or sone
such bsMHBMS e lm\sfo*rcbms agay.ange of 0.002 mllinmeters
to 0.02 mlllrreters In an enbodi nent, the printable

028 P B2t S Bl SRR Rl SRR, Sl micoppiuctor
elet s G AeEE ! Ii 8&18{%39@0%&8 tOaliygafg;r?gd”a&%?m&él@'ﬂddressed to

€ range o met e m crons

featurescambparts of an opticdlraysterher opticad wfmri@emn lmam entbddiment, for
enbodi nment s,

- 10 m crons. In so
exa’apfentCQBFaé?" Qé'm'é%ﬁﬁ‘a%’? §ACR| mﬁgmapeera@g@@maé@v&f qptical
com?%ﬂ%ﬁas td% %IaYlggﬂgﬁé’Q meregf) ?l"’lb%t%ét% lao‘?%ﬁ]?)oﬂﬁr%ble

e curv ace(s ens ens array

semiconelyctatelements; &yr exampe afigheid to withinet0Giiorehy or bhﬁerably to
or elenents are assenbl ed are

.. printable sem conduc )| €
withfgt 10 IgRs o in 2 ATERGRIMeR <oy R@MBIf: CABECE priBing allaws each of the
{
confeh 58 CATBRRE ! cpl8 SISO RIATH PRI o e

one ot sail prirdabledserhieonductonplanidrite. Wi th a range of
opti cal conponents including lightcollecting optical

to24i1hirea ¢ ontaphiTis wilp Suusenohotca .sgﬁtengq”é’rpi}?é%ﬁgnents

enaglﬁk'fg%%é; g?g%f of Exﬁg@s éfr}glhgfd&rkﬂsﬂﬁi/ 'sy ens ﬁ‘gﬁ%&ﬁ)&itﬁlc systems,

sengorspand hmlhiencmmal optical Bisteresit The typhand :jljmotlnhahﬂye)f the optical
ces and/ or

Svstgmr%%%@ Wi GRSt %&%ﬁi\%ﬂ@ X Briniabls glemant printed
and PRé b oﬁéé;ﬁfc?@yﬁ?enWerﬁ thaGbedives ?rlfgefgi?@tra’gfeg#}mconductor |

consi st ens array, are
elements. In some embodiments, the printable semiconductor element assembled on

the surface of optical systems and components are electronic devices or components of
electronic devices, such as LEDs, lasers, solar cells, sensors, diodes, transistors, and |
photodiodes. In some embodiments, the printable semiconductor element assembled
on the surface of optical systems and components have thicknesses selected from the
range of 100 nanometers to 100 microns.
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array of reflectors, a waveguide, an array of
wavegui des, an optical coating, an array of optical
W@ omsilgsy an optical filter, an array of optiREl/US2007/022959
[0247]| Useof cantachprintimgy incthel meeemt inventiom provigdesdhe capalble of direct

inte§BHbE oE piBEIS sruontucly Sleme s Séﬁ%owtf@éﬁvstems inan
emb%%ﬂ‘ﬁé’ﬁ‘l,eﬂir & r@étmt};%fse@ﬁ%%@é{of €|%Hdé‘gz§/ Irelosélér}‘nbled on said

such as a or lens array fabricate

recenmmgi sugace of an optitaldystam or ppticalaoingpcremt vmm*ydtm‘rsfer contact
S

e assenbl ed on a PDVS nol ded optica
' P”mé'ig n@P QEHtai%e §9'&W‘F%‘§’Uﬁtq5[§1lﬁ§n%lsc?éé q5§ﬁ§1béﬁd PR §3id receiving

surfaéd 8 gﬂéaﬁ]s bt B tlé’f}%%& e FM&ZAﬂ{:@H@@Q@Ie transfer device,

asse Ie s m con

~ suclaas anaalastsmwm/tmnsﬁerednm te.gp ®DMSIstambp).ghrea neatiod of this aspect

i ndi vi dual Ig addr essed tf) &eat ures a

of thg peant GYRRERS NSRS At () GADIHBRSAN FORRIBARGTster device
hawﬁg m Ss‘?Jlrfre%gg Q%%téﬁhbﬁfrfg’%?)rﬁ% n?%lg:r?@gé;gg r?“:égw%é}?%n external surface

of sadeprlnmble semuc}rr&ihctwrtmemeapand shid ednthetastrfageefshideonformable
rintapbl e sem conductor el enents, for exanple aligned
trangigr geviee nwhepinsaidsrnfermacaniaciibopds said phtablgcsemiconductor

elen%rﬁrtﬁ'sﬁld écﬁt ﬁ](;f?g% gﬁ)”f% néfa@g nqg Hﬁ)‘tr@ta}bﬁ]é’%ﬁ\géornguctqr element

bon@@d to:ealdcummm sotface andesaid togivingsUifacesldf eaaa@imtal @mponent;
| east one of said printabl e sem conductor el enents

and [(wtzswarg’ﬂna@tald:amtaem @mﬁpnﬁgct@hel@nsentfame'sa-@pontact surface of

sald?cg}ru{fé(gl‘?% big ?@f\g%sr %g/ ik Eﬁéggﬁyé tagﬁfrﬂgfﬁi@ Sai @ngﬁht%ﬂé hidonductor

elenmériticrvsdid aeceuemgts@mceweamr%otnoandombheﬁunct i onal
optl cal systens. The type and functionality of the

ﬁl cal depend at least in part
e g8 t ontact PHNHRG t he type
of opti cal system or conponent that receives the |

tozeqe%?%t@se;fﬁ@@@% G Tt oI ARAGT T abrcaton

of highrﬁartmmahce phiotadoltaicss ystematintigding otaricell armays.
el ectroni c devices or conponents of electronic

[02@? Cesé§§g$:{gy@fsegrlé§p%gﬁ§§ ﬁ\&ts%%gsrghg r?ne#@g,paﬁt%%e sémiconductor
nSerR r
eler g e TisTho Qo SIS R PBY SEbiquRrl Bsembled and
interconpectedtts fataxmte ai sd&arecﬂlewragel StepsdA Froin fiduere '5¥ngdemonstrate
100 nanorretera crog 0247] Use of c&g i{
variolig procRgSehan EOB?"&'QB% Of A3 ﬁa.%wt g polas sell fibbens fgrmea Si (111)
p- WB% wltgect integration of printable sem conductor
enents with a range of optical systems. In an
enbodi ment, for exanple, printable sem conductor
[0254]e ﬁ’emn&ssaetep Asindigoire 67cden$mslrates: progesginglstéps and toaditions for

e orotc onent via dry tranpsfer. .
the BEcK Sitack faid Torghathy | 5 bisoBemama siopeachieh enipe ! 11 wafer is
cleaft8 B Eeqial patrEe ke thé Prot¥isded HatérisMeaned using Ace/IPA and
Piranha clean. Boron ( B219) SOD is spun on and the wafer. The wafer with boron is

S stem generat ed w II
aBFca of selangell arrays

annealed at 250 °C. The boron is driven in, for example, at 1150 °C for 45 mins. Any

glass residue is removed. These processing steps resuilt a junction that is about 1.5 mm
thick.
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surface of an optical systemor optical conponent

usi ng a conformabl e transfer deV| ce, such as an
W@R@stieiwds i c transfer device (7 , PDVB st anppCT/U82087/022959
[025#dt R@QDQﬁS steps BeanskCtin Fligurec Todemenstraterpsocessing Ateps and

conGhiGRS tshrinslan oM &l L BB LECVR b & e Rl the resist
pauéﬁnfr%rwﬁ i€ ea&@mtedtt@tdwﬁe tRE nﬁbbﬁrsbéhaISdJﬁIfe%l%ngfan‘dﬁ\}vét etch
prlnta e semnm conductor el enent and sai d cont act

expesed axide oVithsBOE. dJbeno lCRIDRIE + 20sB@mmidsiused toigenerate deep

wen3fiss £ 8B RN HEAD the Sxapesd bfied BisirpiBpetiohon fimensions and
tren@ﬁ'ﬁﬁrﬁéﬁéuaﬁs afe SheWh M FRjure 9m ideessethvares c ?qn RCA 1

to said contact surface an recel vi ng sur%ace 0
and¥0H refimingdor albogtchming toamhc(vevsome ohthe mdgwalilrolughness Next,

PG B S0 O T el dapnBtes sy OMIETe  Kasleghevaporation (

I
60 BFEE LA oF 3 FABS GRS R RUHREa S RTERY, o watr s
exp&sedtd RIE etdfiviy ofcthel exposéd oxider ancthitride layges. Wet etchlng usmg KOH

contact printin 0248] The present nethods proyid
is nextiused; todingle g%é Hgba%%.tf%?mmele Pﬁ@gfaabﬁ%étKQh' %9'““0" The

metdi &Psf? %Ne‘?é Hﬁ‘g@%&%ﬂﬂg'réﬁggeéyﬁﬁ |dé”&h&‘ RitAde ﬁﬂe‘% are

cel arrays rovi process

maldiamﬁdaiorfsobswllem@opmg’lpmbbssiagm conduct or el ement s
conprising vertical solar cells that can be

R R S R
RS R ST RSB sy 007509,
spinpedated ontd the. fuflp BEAgrcat dbbes chipe g‘ ha n- togllpbl @pamft 5éﬂg.,hP509) is driven,

d t roc si.ng steps and condj ti s,o t he .
for GXRMPGRY A" § @) 1 MUTHARTIS Teaiss ANUICIHD 1Al i AEowt a9 nm thick
Nod 18 gte Y&ﬁgv%pe 125 16 AT i s
or N@&/ | PA and Piranha clean. Boron ( B219) SCD is spun

on and the wafer. The wafer with boron is anneal ed at
driven i for exa

(0258 Fiin DA R oh 2 e o Pt Bl oL et dBoknesses
fabrf-b’ %E’f‘?%l gzﬁ?égr gg%’é’ go gct)ﬂédggc 'n%r H%a%' | ot ébggmérons thick).

denDnstrate processi ng steps and condltlons for ribbon
[0254]r frigurers9 prosiesrapPEShGWimg INechasactedstics ofedreindividual solar cell

deviceypbhicAB Ry whiRSs i RoBitriepRtiouh. ARiscRamas davice shows
efficléridy 63 d=%. ThE thsek %:’F@?Jrgsg showsiBe éo‘FarLb)%ﬂQ whith a vertical geometry
generate deep trenches mn etc i nt 0

printedbantoca bottdrodous ﬁaﬁncpdeiry ri bbon di mensi ons and
trench di nensions are shown in Figure 57. The

[02%]O |§’usrg%owar{ows })I’OC%SEI%Q?OI’ geneFﬁgio‘ng top contacts for the vertical solar
cells and related electronic performance data. First, the vertical solar cells are printed
onto a Au or Cu mesh structure as shown in panels A and B. Next, a second Au mesh is
printed (laminated) on top of the cells and serves as the top contadt. Panel C shows a
plot of the IV curve of printed contacts, modules fabricated in this way show total
efficiency of 6%. The Inset in panel C shows the top and bottom printed mesh
electrodes onto the silicon solar cells.
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and KOH refining for about 4 mns to renove sone of
the sidewal | roughness. Next, PECVD 100 nm Si 2 and
W@oOsN#63 3N4 i s deposited everyV\/nere | ed PCT/US2007/022959
[0258] apiguse 63 rprovides desphematicagfwwiog arrsolar | layputsy transiverse type

sola 5 o B e 3110031 R 8wt e chasR Sl auent
assér/?ﬁblgeélfd“in rﬂgd))(g %3 chﬂt%czt [ggffuggﬂsl% é/@%&i?frﬁﬁ%%ﬁ@ of solar cell
ribboms d:bndmseielmegnts dremches abdeaqmetherwvafenameurov‘ﬁed inxigiere 61. After
the GaRRInG P RRINEY oI Vg pheBitiacseRDsand BpL R TRCesS, doping
proc.Fe'sg% Eoﬁ&ué’l@?"lﬁiﬁalﬁé‘éﬁ p?c?\ﬂ8€§ §'s’& ghﬁg%n@%@%%ed.ﬁa 3cheme

or emtter tion. nane
whede:peburon sRehard pRS§ghoroas $p+ )ndapeat edicns aretﬂaitefrmlédl vn the external

S5 A o e S B bR  or s
top ?%%f\%%t dhiEiRd 't@ng%‘%éhdréu? Ehpﬁgpnﬁﬂﬁd‘%ﬁ@r}c%ﬁé The sidewall

ayers are r rint

dopmgmirategwmuhﬂemehm pwmbsefﬂﬂhwlrmeaﬁaﬁa jtjr(&iBa]arEa auddo prevent
provi des Sélé/l i mages of m cros?l ar cells
| oxmade lli

possipie grarheirey et idiindl P Thaheriem p+ doping s
donf 6P re8tiigbaofisuiatt SeENBeRas UrRicutct HBGAT Aifage with KOH

etchitngpeoiess) stics of an i nd| vi dual solar cell device
fabricated using the present .processing platform This

vi ce, shows effjciency of 9% The inset taq
l02§igu@®rs S¥islestan eyervigvsschamatic shiawing the precess flow for cell

paﬁgﬁgﬁéhg @?L%@BQ”%% Shott @Oﬁb%s@' ﬁgtt fh%%lall&%ﬁr&erns are

rocessi ng ener’a ng top cont

fornied on tree wafari usitig ﬁbd)mhttmgkammmb dsi att:lamhgel M@ttr spatially localized
erformance data. First e vertic olar cells are

borGs HoRIBE o KRG Gl fof WO BRMATPDEnGriuzioR n Bt spatially localized
pho?ﬁ‘;&ft‘n R g’n%&dcﬁnem orqﬂﬁ@&wrf rrﬁ‘thé(]?éﬁd 'd?ffd%‘idr{“ﬁgxt the patterned

) on top O e cells and serves as

solar getisate uRdereLt Emplayivsg toppand sial waibpaSSMatloneanﬂ KOH etchlng
nodul es fabricated in this way show

ont act
F'”Eﬁ'éft EPEW%Q{PQHQE”'QQ"S%”%QUW nset in panel C shows the

top and bottom printed nesh el ectrodes onto the

[02§Bg| iF‘ri“%ﬁe%?l' v&%'s'ass&%ﬂc &i :achfrﬁ sﬁo%nrg# PcESSin steps for

tic show ng a solar ce ayout transv
pattemmag solaacelt ebbens dlustratirag pbotmdathagnaphwand >3 Sodeemllsetchlng

proc%’%s%g&&n ,dég assggmgegl@lgiﬁggqeﬂﬁg ?If[@aS?éﬁ EP g‘éﬁpg%s flow is to make cell
paﬂgfr{&ﬂﬁdmpﬁ’émﬁtﬂ ?La d H@%?F&ctl%'%g L%srig process) on

trenc and a no rovi
bulki<11¥F 8i wafer. rﬁenareeturmg nfask;ePEO\.@St(Dz amdiposntive photoresist are

usedr BBy SHiian fend Bb gt o568 Yoreifidocing Cohefupassivation. As a
restHOMVAIRIN ATy é’féHir{@gaﬁ'cP PS&&vation processes in Bosch process, the etched
structure has sidewall ripples, which are smoothen out subsequently with KOH. Also
shown in Figure 64 are micrographs of process wafer after removal of photoresist and
SiO, masking layers. Figure 65 shows results from KOH refining processing of the
sidewalls of the patterned ribbons. To remove the sidewall ripples, a short time KOH
refining process is conducted. During the process, the top surface is protected with
PECVD SiO..
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wherei n boron (P+) and phosphorous (n+) doped regions

are patterned on the external surface of the patterned
W@ ewsaeediict or ri bbons. The top boron dopi ng i BCT/H82007/022959
102594 ki Mguredip providas asehemalie dtaméamdpr be®suieRing preressing. After the

oW S S BB AR5 o3t LB ORGP fhB6. pecvo

SIO@(%@ e ylist depsfted s @G§§|h§|rﬁa§hrazbr 8hd alddpin@Wirddw i created by
during the netallization ste bottom p+ doping is

phO@bﬁ@gr@nhwa@féB%W@éeng fﬁeﬁ:@dppmgoaqmltfm‘rts@m on-dopant or

sl A5 s S BHSBE TH B P88 at 1000

11564®vhasr hifl®geh Xg&ﬁﬁstéié)%dr@é) Gnehﬁrogéﬁio%@érﬁ‘ O75108, spln on-dopant)
dopi ng st eps. shown in Figure 63, first the s

atmespherpatdiso akown én Figune 6649 atrhicregraph aﬁﬂnmmasked nbbon structures

naviRg L fopibd SHhAa odBralr SR iR Bind Alsp R Bdibure 66 is a plot o
curréRf \P@Eh@()oﬁé“qénmdfd‘a‘t'lﬁg%md)\%ﬁh ref%%r‘\éé ly localized

phosphor g iIs carried out for w ndow formation
and diffusion. Next the patterned solar cells are
[0260]dEigtue 6Zrprbvidies@ saii]@naatut d,lag&am\mn phmpbo:mis doping processmg

PhofighoShs Hebiia- Affeve 2l 8 hetSh dopiBhianteeiciGeale a shallow

PR e e o

windaw Isi mgde mgtheBECMI: 0. depasitiom phmtolmn@grapgww)d BRE wet-etching
process flow.i

. k el.l . )
proggst; As B.CaHIRG SETEsh BB Bro-ABBABh S5H AMdethp P 4y SRiascoating. The
diffusioh 18'cERNELR POPLMENYOPT7 925K aimddphrs! AIEY Sfiown in Figure

As an etchin and p03|t|ve
67 iphdnicragraph ohthe maebied nbboh estrdct;urm tdtilocplize8phasph@dus doping.

are used_f or chin for passivat . As
Also S Tofiabire B7 e itiel S urreRt vardus atans idigating & 88 onm
resifthAs&sses i n Bosch process, the etched structure has
sidewal | ripples, which are snobot hen out subsequently
with KOH Al so shown in Figure 64 are m crographs of
[02ﬁdr] oEme W8fproviges er sahematid diagranh showing sidewalll psssization

proqR R er Ayt 56 EoBIMePEosars Sredualivd FrCY R bafeposied as a
protéd':thhgo ?er IFOK OB @Y rEEpRcEsyalrh nﬁél@’éﬁ%tcrﬁnim’f&ov& WhBre KOH

i ning process I's conducted. Durin rocess,
etchmgesttadﬁ &nst,f@fc@d Aumfetd@poemed\mth avaaf\/ang;emxm ﬂwmme surface,

in offsBH 1o BB iigBofud BISTELA s AR5 RBAIS S¥BES s gttom surtace.
The dﬁaaneo\mrsufr@bgaé bedtetedtifim @tbgéauéﬁtdry ét&%@ééﬁﬁﬁg, and thus

PECVD Si2 (900 nm is deposited as a doping
functiane asanpassiiieinigyev fodthe K@I-twe&emmg/step The thickness of the cells

o B R 50, B 15 040 S S5 i
CHI??@?%\&?SFS RN BgB6se Shat HielBotnP BuRAS Sifere KORMIERHhE ¢an be

initiated. Figure 69 provides a schematic diagram showing processing for the formation
of a KOH etching window.

[0262] Figure 70 provides micrographs showing KOH etching processing and bottom
boron doping processing. As shown in this figure, the bottom surface is etched with
KOH at 90C for 30 min, which results in print-ready cell structure capable of assembly

via contact printing, for example using an elastomeric conformable transfer device. After
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1150C under nitrogen (solid state source) or
ni trogen/ oxygen (75/ 25, spin-on-dopant) atnosphere.
WOR®E/1$383Wn in Figure 66 is a m crograph of theCHHSW0e1022959
the KObbetehing; ootyithedatiam Biysurfaepisrexpased anditbe SidN4ipretedting layer

can Bg rﬁ%ﬂ Hgga gﬁ% QQIV%?@’&SO%H%@E{%Q? :%)ergrq’ %@'Blsn&iﬁq%lo%u&fed at 1000C for
1 iRSd 0260] Figure 67 provides a schenmatic
Or@ﬁ?g?g%a %?ﬂ%hosphorous dopi ng processi ng. Phosphorous

doping is followed after the boron doping in order to
[0263] eAfter theshbettdroworomdopiog, passivaiam lagrs dnd eersainingadopants are

s B, SERARS oG5 SRS TRO LS P aER Y o2 can e

dep@ﬁféd%?aﬁ@é-’s@ﬁﬁ@é BesSAGST oM NOA @cg'ﬂéﬁl%a?tﬁﬁf Cﬁ'?lrj]rge 71 provides

spl n-on-dopant 1s used and applied by spin-coat
imagdeeshbhviingtramsfersofcbe dolar edll sibb&6S Comther soRcEWafeusing a PDMS

aftm)%g.here. Al so shown in Figure 67 is a mcrograph of
trangigL R¥CRed ri bbon structures for |ocalized phosphorous

dopi ng. Al'so shown in Figure 67 is a plot of current

i ; ety i ”
0268’ o2 3000420 SoloniSi B0 hsalin S0t bR ano
planaridatien prqessingatéms) Alsocdosvmig. fighfreé &2 drepmdgps 0§ print assembled

esses are finished, PECV ' is deposited as

solaf 8l oAt Miges!S aroreubashde Py WS awe: ey argiRrnipd onto
ecel A BBl A, A S NOW 8 el i
printing feobajquerbyitskdf also comigtetestthé planarieatiomgf Celisewhigimare important

t and sidewal | s, except t bott om sur f ace. T?)g net al
to "@38&‘9@_& iaSEnnactsng: dorss | i3 geatageMe ayCireated substrate,
nerfERSESIsIhy PO Y AR €5y io NORSBLYE I\ LA he stam
and cell$,2he amiclorells ade fuyllyembeddddeith thg NOA esdcepithegbplsurface where

RN TR T
retrié\t/i&‘hﬂé S MidBchil AicfdRBeddeddns 16 Brﬂé(hé’r(?ur%ce for following
schemati ¢ di agram show ng processing for the fornation

metalfizatiod®teps.chi ng wi ndow. [0262] Figure 70 provides
m crographs show ng KOH etching processing and bottom

102631 Piaue aiitoliaBS Shnitind ShowReing fesils afunehization processing.
Figupd W:nggﬁeb%%d%nﬁtid“&ia{;%bf i Hne%atlﬁié‘iibr\fe;ﬁo{ié’s%aé}ko%viﬁé an Al

asse via contact prfnting, for exanplé€ using an
metall lagero Si0; dietentfio fayeh| @r/Au dayslr esoldeeel plantrizeng lageKahd device

subsidify A 910 mEau &3, B mpanetel iNetsoaaeds, Mt preAeposited on
e {AlielAIEER N SRS A58 a SEEALARIA Mord B using o
photbogsistnr MAAsas atetehing pyatestimhyer rAfterithg nustallinatioraisdmplemented,
those metal lines are isolated and encapsulated with SiO, and Al is deposited over the
surface to form a reflective layer. In this way, we can essentially eliminate the metal
shadowing, which normally happens with conventional cell geometry. Anti-reflection
coating can be further added either the bottom surface of the substrate or at the bottom
of the cells before the transfer. With this cell configuration and printing strategy, we can
also use the roughness of the bottom cell surface from KOH etching step as a surface

texturization.
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cl eaned out wth HF, Piranha, and BOE. Before the PDMS

pi ck-up, PECVD Si Q2 can be deposited as a top-surface
WwQawsiiass on from NOA contam nation. Figure 7 BCT/US2007/022959
Exapiplei Tie Physical dintensions of pristablessemicongductor elgrments

ri bbons fromthe source wafer using a PDVS transfer

vViece. Fi e oyi a schematic_di,agram

t0268} T3 mefeglan Sisieind or Hielretal Baflisn Big Fafpdieof
impRNfSanom dithtRtablé/samicdMtioreléments including prifbsss

of print assenbled solar cells. After mcrocélls are
senmm_tqrpbasngdQVE®t @nﬂadeviheyolrzcm@npngaé?euingraKwidte range of physical

. celrvin upstr es suchn.. as ass , [ apt on

dimf§ian® il shaBah Thederyifindss Sedisentigredion il eesmpet o the
phy%biﬁlgd%ifneﬁ‘is%s%@él%&% 6frtﬁirﬁéb‘!€%re:nﬁé‘6hd{§bt6’rf eleRlents assembled via

are Inmportant to make netal | nterconnections.
contact priptingdasables acwigleerdngetod devideabricationcapplicatiorss and accesses a

Widg{ae o lECURNE PP AT FRIO Elais i 4o Es coRiguralions and layouts.
~mcrocells are fully enbedded in the NOA except the
(0287 e8NSy Aot Sifis i e oxressions
“laterat dimersibre| @ndterosscsentiohalxdimeasiomst dd eded il tHeopresent description.
Fig rlg rp%ﬁ/[ aceéooélpg\%iélggf Eﬁn{%&%%ﬁq@%@ﬁ%ﬁéms comprising 4
senfiéHuctoraibtBrsBd05Z %Hﬁ@ cBhfé‘%??FﬂE@degérg#ibﬁ thé. xpression “lateral
g the netall 0

provi des a schematic di agram o I zat i
dimension’is exenplifigday the lemgthl6008yand wislitioB0d 0 elf e sémiconductor

. Crl Au | , I 1, pl | ayer and
ribbgBy BODS. e A PleyidasaATass sechane viaw of the Bfiniahia o
s R e B b Asif 2 SRRBhH AP lob s 6005, ER.gontext o
this elesheptioruthienexpae gdion 6cress sectional@inessian'eisaxenplified by the

. ot ect | ayer., After the met jzation is
thic r?&ﬁseﬁéﬁgfdt’he{mlgo cler Hb% @@I sol ated and

encapsul ated with SiQ2 and Al is deposited over the

[0268Y flﬁ%Snfeoeﬁ\PP%rft&férﬁe%? Bré BV file Ia{eﬂglgcﬁgh%n‘é@h’s I‘.S@%h as lengths

can essentl a Imnate the netal s W ng, wh
andrwidths, lof tHeapiirtablevéerhiconduetot elenednts,ahtlugmgmrintable semiconductor

base] del5Es A Mcs SoPOTRR o aiseEe S B0 veR e fpdetitohmm to 10
mmOfOAd 8r AfIre of IRl %’t@rai 8fndrisiohy &fe sefbdtBd to%?‘tﬁgﬁe@gggsog 0.1 mmto 1

configuration and printing strategy, we can
mmtfaesomegipplicatiarts, ahd deteatedrovet thesangaoé 1fmontoki@Hmm for some

sop B O B et o et S g BrSe ol cmensins
incl@de€ Bitlate hBLMAited 1§ MBMPRISe F&Qr eyl &'i@pﬁétowﬁaiersséﬁ'?ﬁs thereof.
I nvention are capable of i1 nplenentation wth printable

sem conduct or el enents, including printable
[02693nile sathecerobodimsrds,dand cemosendf theviatesaladimensiomss such as lengths

andhv%\é{hr]s? o?thvg Sr?ntééfégseen%‘éoﬁé’%&%? gJements, including printable semiconductor
based devices and device components, are selected over the range of 0.02 mm to 30
mm. Use of printable semiconductor elements having these lateral dimensions include,
but are not limited to, optoelectronic semiconductor elements and systems thereof.

[0270] In some embodiments, one or more of the lateral dimensions, such as lengths
and widths, of the printable semiconductor elements, including printable semiconductor
based devices and device components, are selected over the range of 0.0001 mm to
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di mensi ons and shapes. The versatility of the present
invention with respect to the physical dinensions and
WG kapas$3633 printabl e sem conductor el enents asBERHBA7/022959
1000 inamc oneaar rpeienefi the latesalidimensiangesucneslengthseand widths, are

prefefitiy FakFEY Sithe Fandp S BROT B IR o 7 s Splcations
configurations and layouts. [0267] Figures 75A and 75B
[027F]OYA QSm%‘%iﬁﬂ?(gi{T%rﬁ?,Qﬂf@@ﬁmB@mHgf%bﬁgsé&ﬁmal dimensions, such as

exXpressions " eral’ dinmensions"” and "cross sectiona

thickhesses; ofitbe printakle demicarduciorealementis snoliging gnintdbleg semiconductor
7 rovides,a.to | an vi ew of pr.intabl

baség AelisRa ae SOV HRTPaN e RresSIBC B0 SURT isniageq 0.002 mm to

0.02 MAROBeSS0Rord 8f thetr688' 56 orfa dﬁﬁéﬁsi&?ﬁs, _“s'fijbﬁgdsCiHickﬁésses, of the
expression "lateral dinension” Is exenplified by the

printadohe semiatiuatod elerdehtss hitluding phietabdersemivbinduoctor based devices and

devigh S TRROTANES 314 HEEISS QUehiee Fanie of O BPEHENTA0 0.8 i for some

apphRnss i(ﬁ‘or?e téhﬁ% S El0R5 s"ei::ﬁ@r?él%irﬁgﬂéoné,”al%ér?\g%ss thicknesses, of

cont ext I's description the expression
the pertabtensémitiomdacton elementsxichidirg pdntapld semicbndictes based devices

6015 of the sem conductor ribbons 6005, [0268] In sone
a”déi%é’&ﬁ CRINPRNENIA &re selested ayernthe fﬁ%@%ng-(’b@% MdRs3 mm for some
appﬁ&'&n)n%.s | engths and widths, of the printable

sem conductor el enents, including printable

sem conduct or based devi ces and devi ce conponents, are
[02722] émaadphicalsystemraitiye pedsedt invemtion, the printalile seariconductor

e of the lateral dinmensions are, sel ected over

elerfr{gratg@rgfpns(gsla samicondugiarisiuchy ayjsie @ tra)ﬁgl,ec t#gm the range
of $65eGiliRTbiaNo %Q‘?niﬂ?ﬁ&@ré’fané dWdiA stiéc {rBfn tﬁ?'@ngﬁ of 0.02
applications. e of printable sem conductor elenents
millimeatersgtot B@ swillinzdtersal Incimepticad :slystbncgUMﬁ,prbsm?tanmmmn, the printable
[imted t nmepbr ane sol ar ce an ot ovol tai c
semig@iduieion dlemgal congBEss e LRI U HRIWEEiHE A dnath selected
fron“ﬂ{dee%a‘i‘fgetc??).#]%ifﬁh?éte@ 1BER Shiftittete Und £Width 43idttedf8m the range of
w dt hs,” of the printable sem conductor elenents,
0.1 mikimedénsdgo pt imillietdter. slararcoptitat spstebraokithedresemtsneertion, the
. ' t I ted t f 0.02
prinfaRle SSRIEAHALCI ISPt SATRERES & SAICARMHEL SIdicbire AT a length

seldefed f18nt t'ﬂ%ﬁ%ngéb?ﬁ Fhillth SRS IS n%'im@ue’g?rg} ae?”a Wwidth chllﬁated from the

[imted to, optoelectronic sem con enent s
rangg of dmmillimetezdd . 1Q ORlidetdrs. soam opticabsysternof the prasent invention,
e of the | ateral dinensions, such as | eg&;ﬁhs and

the gﬁéttap  SRINICORAUGTar RlemeRt COMPIaSR semcandugiassiructure having a
thic%s‘%@lé‘&eﬂrﬂdﬁ i %"P@%f;q?gg?@e finRASRdo ¢ e, In an optical

ce conponents, are Over the range o
systenv6btherpresenitifVemtion, @ne printable senficoidudtort elemlent comprises a

di nepsi ons, such as |engths and wi dths, are preferabl
SemiERicl SHHETEraving: GaNERnesERIaC BT S aniaer ol 0.0
iDL 81 S B Werlon, e
printdile semicasluctdr eléreept has ableastene mgitudinal pkysica dimension less

el udi : | . duct .
thar|1 8? ethjgelllqg 2%' nq}c?gns? ISr’1eanr11 Sgt?ca %ygtrem of the present invention, the printable
semiconductor element has at least one cross-sectional physical dimension selected

over the range of 10 nanometers to 10 microns.

[0273] The present invention includes optical system comprising a plurality of printable
semiconductor elements, such as printable electronic devices or device components,
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based devi ces and devi ce conponents, are sel ected over
the range of 0.002 mMmto 0.02 nm One or nore of the
W@ e@844®8%t i onal di nensions, such as thi cknesseGT/U83007/022959
assemblegrviacanliast panting niuembedisientpnessntiimantionnfpr example, the

optic) sysfRan furthel cogises A B ohE AR Srcar S slsmepts on said
rece%lﬁg §Uh‘§é’é of 841 s@ib@irhfea\‘hh%ﬁta@%ﬁnﬁﬁ 9. Whéreft ?&&?opézﬁa $Printable

i onal di mensi ons, such as thi cknésses,
semmqnduawrelemantsmom;msas aesemmmlnsluctamsltrudtung havingt aleingth selected

from: Beengs opobh BN imieierce s080 sHinateiso SAHR seieci8biom the
rang%%’fI bOa19RTHimeRed & 1000ARIIRR lie?§‘hn&>ésth %s EQI%Fted from the
esent invention, the printable sem InickhEss sefepted

rangeoofpf)lmmmm%lmtewmjﬁmrlhmetemsture havi ng a length
sel ected fromthe range of 0.02 mllinmeters to 30

Exainjo ; PriniaRIE SaksinGadil Fed LR printed AR AT diibsirates

system of the present | nventl on, the printable

' {
02 1T SR80 o Sy CATRARAS CASARLEPI 54 T e on T

substrdtesi [Toiforhdhe devicé, F?Eﬂ'l suhstrates aneccomted dith astbilre(:t Edmcron) layer

of thfﬁ]pt%p}at’éﬁ@gtcﬂrﬁ he(rﬁgllllkg,lr V7 5{1 %,r%@@%ﬁrgggé gﬁtg Theshes is printed
ontdPthie gt tegﬁﬁ‘db‘h'f%{%i%n SRR x SR & 268 Am LEDsare then contact

sem con ctor struc aving a l'ength sel ect
pnnteluieomarhlge mefshlelectrodeset After printing thiel LEDstaethin PEIMIS gubstrate

noulinBianaRiesaiTe of MRSk IrdamIEgies aapise 'fr#ls&ﬁs&éaé%so form electrial

conﬂa@t’ﬁi‘l‘h’e% of fife PEDR! ﬁlo%@ﬂpét%'ﬁBHcattorS \? |‘1t% ftﬁn Jight). The thin
onpr ses a sem conductor structure havi t
PDMSIsebstfdtef alwmsehﬁesrmgtecbam@anérwﬁpsuldtlom ¢he LED &rray
millimeters. In an optical systemdf t he present
i nvention, the printable sem conductor el enent
conpri ses a sem conductor structure having a thickness
selected fromthe range of 0.002 milineters to 0.02
m | | i met er §TATEMENTS REdARMNGgNefoﬁ#QH%ﬂW Y
invention, the printable sem conductor element has at
| east one | ongi t URAERERENCE AND WARIATIONS| ess t han or

02731 BLss: PR PP oS, 111 RBBbA 11T HE T 4145 347 G0/863.248,
1 1/4166931a7t 1119623 ogne 1‘7&2§39§e§ﬁd 9@%21%3’@5%er@b¥%1§5r68rated by

sel ected over the range of 10 nandneters
referancedadhe p@mpoﬂ'h@opssﬂi{\‘hwimemremtldaslcuntnm opti cal
system conprising a plurality of printable '
m gpnduct or such ,as nt abl e Iectro
(0273 AEEHEngEs T UEBNGnE AR Ea G P L xRS b GO Cuments
includin@igstiéd dr'yrameadaiemns d?re%%%'ledté‘V&étthé‘pplfcﬁﬁon publications; and
exanpl e, the optical system further conprises

nonplatent] literatuse qmcumemss or other sonthecmateriall; eamrhesemnmambrated by
ace,.of. said, subst.r

refe{ﬁ?]%ﬁtrﬁ{gﬁ %ﬂégé eptireties, as thay 8‘ tvemugh? Qcc%rr];t)gr%}ed by reference, to
the extent each reference is at least partially not inconsistent with the disclosure in this
application (for example, a reference that is partially inconsistent is incorporated by

reference except for the partially inconsistent portion of the reference).

[0277] The terms and expressions which have been employed herein are used as

terms of description and not of limitation, and there is no intention in the use of such
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sem conductor el enents conprises a sem conduct or
structure having a length selected fromthe range of
WQ2@8043683 | | i meters to 1000 mllinmeters, a w de¢I/US2007/022959
termseanstexpressions ohexeludigg aty equvaentsiaftheraaturestshovgopand

desc{ﬂb{g@&ﬁéqﬁicﬁn?ﬁ&rg?ft B{;gjf”efﬂ%pﬁﬁ{;gﬁgﬁgt Ja&@ﬁﬁb{m‘ﬁd@é‘é}%’oensoére possible
wuthﬂth@ts%BtJS o@%ﬂdv@% Bld‘rﬁ@d Lﬁﬁﬁs R $HELA b rmnBETstood that although

substra [0274] Figure 76 shows an array o
the ;pnesanb:bVentdmﬁbas; b&mspecuédallyaﬂjsclpsedlbgqbreferneﬂkmbodlments

exerBRATL GMROEISIS AT PRIGNALTGAIItS, MBHITCASPN AP AN of the
cond:@!ﬁhbﬁelﬁ 'dfé?:%s‘e'&?hﬁgltdgyre 8hed %‘b?’tﬁc?éé Qfllle?ﬂ‘ﬁrtﬁ@ agtolaﬂd that such

es 1's prin t esubst ate via cont
modjfications gndlmnratnan&armwns@eu@drtmdeﬁ&&hlanbe sbepe obﬂnsﬂwentlon as

defifieBy e SHpendsSRRTn IS, SE R SEGOLIRh BrOd e pefiin are
exarﬁ?ﬁa@e@f Usefll ¥R PEHife ntIs tﬂé%ré?@qﬁtﬂﬁ%ﬁt"_ { &nd i‘?vJIIPP?"g pparent to one

ectrical contact to the to and a
skilleq @ Hoei amh thedt thé pkés(a:wm\deatlbnanmy bé ghtr)ed duteudirg a IageBumber of

strate also s rves as nechani ca ncapsul ati gn
Va"éitl?é‘sl_%&%ndﬁé(&‘r‘e SViIRE-KEDPREEAID ¢ p }%ﬁl‘ 'B'Yt“e present

desdHpteR M wirt $8libs 1 b @2%?%’1%@%@%%?/ s dgyjges useful for

the pRs8ABmM2&Rdslddring|udibra latde Ambes of opfioddl Tohgibsitiomland processing
11/421 , 654 are hereby incorporated by reference to
elerments 80dstePsiot i nconsistent with the present

description. [0276] Al references throughout this

[027;”!332u gﬁifo%uldctféh d&’%%%iﬁat% Sﬂ'iorﬂea engtd%sbﬂ?éd@} Bfemplified

: or granted patents or equi
hereapphn det used toyracticd thenayemtiah, mmtessadtlaeuvvlse stated.ur e
docunents or other source material; are hereby
reference herein r entiret

10275 KT ef Arpbm e oivenints pRrlisetiony (G erERiber gperature
rande) @ tfhié oA @%ﬁr& ﬁ&ﬁﬁbﬁﬂéﬁ of SoAtentRADN rﬁﬁbé' éﬂ inYerﬂﬂimate ranges

|nconS|ste disclosure 1n this applcalon
and (subrar@esmas ewellaas alf individueal tviadutesi inclpdediimthe/ranges glven are intended

to b fietded e disiediel IF ﬁibeegwﬁersf?o&ﬁﬁ@ﬁ%nf $iafBlogeSor individual
valub%pgﬂ 4l raﬁaﬁ of 8LBRarRR%hSK AfeSRelaBa umégescyﬁoﬁqﬁﬂem can be

erein are used as terns ption an
excludedchlfom the claim®heredmd there is no intention in the
use of suchterns and expressions of excludlng any
ro2di A R A s eSSBS A R PR ERtGS S ingicative of the
h
vt Wi et e5E RGNS Bt Wit i e RARetind " Aeterences oo
hereih ah® ingorpdratad ey eafe renq:eem'tremnn Hbair batirety memdfaadmth@state of the

ar 48 B e B RS B Rl pformaton can be
empléydPhéreth, ¢ nddifed, to exclude specific embodiments that are in the prior art.
For example, when composition of matter are claimed, it should be understood that
compounds knoWn and available in the art prior to Applicant's invention, including
compounds for which an enabling disclosure is provided in the references cited herein,
are not intended to be included in the composition of matter claims herein.

[0281] As used herein, “comprising” is synonymous with "including," “"containing," or
“characterized by," and is inclusive or open-ended and does not exclude additional,
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concepts herein disclosed may be resorted to by those
skilled in the art, and that such nodifications and
WQ 2008a8368hs are considered to be within the scBEBUSI007/022959
unredited glements ermathogksteps dAsuseddespipe reansistingiafs exdiudes any

eleriy et f FRPIRTC) G HeRY e 88 bR ke B A Rerein

"condidtingsseRRamest! do@s@fdﬂ? exklubb eHatefialshsr 16ps tHI ot At materially

present invention may be carried out using a |arge
affeelthpdrasiss andinpwelichasaateristios ofdhe ckaim. dbveaeh instance herein any of

the R ERTIPENGas CRFISTBS CoBonially Hoaat e or My b replaced
W|th3é|f~her W?H@Qﬁe@ﬂﬂo Y eﬁhé‘ﬁ%%hoﬁ Wusir%ﬁvél? ‘%ﬁe@&‘ﬁbed herein suitably

nmet hods can i1 nclude a | arge nunber of optfional
may:m;)cantlcedrm ﬂmzlalpsejmwlam elemenh 06 elemkris dipsitatjopedid]mitations

ver n _or nblnatlon of conponents

Wh"gb d%l‘?t %‘Pa@kaﬁﬁ\oﬁﬁ "#Brein can be used to

practice the invention, unless otherw se stated.

2 r ifat fd 0N 4o :

(024237 Chle APFER) SRR At il apBRecidle R SBANY hERTIR biological
matenaigpsidgeots, mynttmncememadsmurmagen naéthods;tarralsﬂuba&trethods assay

anges and. subran s all dual
methags, 'Pl?gzuq?é m%ﬁa@e S dnen Fostrnasdcaly sxgmpltied San be
emdldgé gét'ib;erélﬂl tﬁgl @feg{ \M d@ékéeﬁ?g&?ﬂ%ﬁégﬁ%rﬁg%non Al
art- Isnmvrahgmtlohaltecamealemsl oblaemy sunch materéals andtmethols iae¢ intended to be

|ncltg,<gq‘nqe ?sﬁuﬁggrgtféjn ftlaéntt A% %@p%ﬁggﬁsgrﬁm{ﬁ %g\% béle% employed are
used F?i%%?rhﬁ%? H@Ecrfb’t%n' 1L ﬁ&tc%f‘gi'?n Vﬁtighhtﬁﬂd B Is Ab istehtibn Blat in the

hose s I'n the art e i nvention
usemérsuah msrmsmmde eep[essnomlstcd exbledaigramay equwatentmofamedeawres shown

andJaschbes of RaNians theragh. Rutdt e TBeedTized INsh variows mMasiications are
posglﬁiejewﬁﬁiﬁ the s'céﬁé'btfw htigh chalthéd! ‘Fﬁdﬁ '“riaéﬂo?fb Bérl‘m%rstood that

npl oyed ere| ed to exclu spec

altheugio therpreisent imventiore has beke gpecifically tisclesed évyep'rpfeered

when co itjon of matter are clai , . 1.1 should be
embaRliRealRb PRl rabies Sradiikatonnc ritona th coReepts herein

el I
d'SC%gngﬁﬁgst’ef’%F&qmﬁa 'tt% Bgtrt]hczsrea%ﬁﬁ%fngﬂs Cdrf‘ %Sﬁrdghlﬁgs%crhomog|f|8at|ons and
vanatronshaerer edresidaTed do betwithih ¢éhe scopeokthivinventiemds defined by the
d in the conp03|t|on of natter cl ai ns herein.
appFﬂé@ﬁf@KE used herein, "conprising" is synonymous wth
"including,” "containing," or "characterized by," and

is inclusive or open-ended and does not exclude

addi tional ,unrecited el enments or nmethod steps. As used

herein, "consisting of" excludes any el enent, step, or

i ngredi ent not specified in the claimelenent. As used

herein, "consisting essentially of" does not exclude

materials or steps that do not materially affect the

basi ¢ and novel characteristics of the claim In each

i nstance herein any of
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t he terrrs “conprising", "consisting essentially of"
and "consisting of” may be replaced with either of the

W@eren4x6ed terns. The invention illustrativel yPCT/US2007/022959
WE @dsAMibed herein suitably may be practiced in the

absence of any elenent or elenents, |limtation or
[imtations which is not specifi caIIy di scl osed
hepemBthddetRhking SémRroAbNSoY- b‘akéb 'ogh@altdv%teﬁﬁ tsanll Imethod
appreciate that Starting materials, Dbiological
matempaising theajeps of: synt hetic met hods, purification

nmet hods, anal ytical nethods, assay net hods, and

bi ol ogi cal net hods ot her than those specifically
exppidlinhaaéace BabRRRE Hesthd & rééawﬁgéahbes &g the
invention wthout resort to undue experinentation. All
art-known functional equival ents of any such

[ hegSembling Baianls SoRrads %w@@ipaﬁéd}%cgdw%?%%&face of said
be g In @RS Lot BARh WGPl ARG BRI Hement

limtation, and ther€ Is no 1nt ntlon
useonfprsasla sezmnsndmtoes’wuetsm baeingfa lergthustlectedrisom the range of

o oI HCProBtass 15 {00 mifRefal %@W@E&Jﬁé@d & Beaange of

m’@' 60@%‘:!%&@& %o p%ﬁsﬁﬁlﬁné’[eﬁ% Iﬁlmt CKrRRe s@fecgélfﬁom the range |

i nvention clalne e un erstoo
al ohduge0d hmilimedensttoi Bvalieiersnas been specifically
di scl osed by preferred enbodi nrents and opti onal
features, nodification and variation of the concepts
he kg, ISl
o TRl Gl e foln 4 bfffebfl SMmicaRTtefoF loiént comprises
ar @ seynisodeuctdr stnud:tare/\hahng a lengthcsedected ftam she range of 0.02 -

d by th d Al
1 TR R oo PO aiTIRIo1s. 2B & BRI SelRoIashLsam gyABae Of 0.02
Sy%ﬁ’ﬁieté@l‘é BBthfith&tepgr i sing the steps of: providing

devi ce substrate having a receiving surface; and
assenbllng a prlntable sem conduct or el enent on said

Ll e R —

compin 6”?%%85’1%@999'5%@9%'?5%‘”%ﬁé*ﬁ@e'%ﬁi?’ﬁé“ef?‘%o?{ 01

m Irmllllntatersstp a mailniméteaeamm addthrsshedtée froemthe rahge.ddol.1
mllj msterst 00 miIlimeters and a thickness

sel ‘mﬂe'fsr@m trﬂ ime{Rhe of 0.00001 nillineters to 3
mllinmeters. 2. The nethod of claim1 wherein said
printabl e sem conductor el enent conprises a

. sermheandthodaf cdaimut wiveeeinasaiah gnatan(mgemlchecﬁoe éle‘memtl comprises

the ran f 0.02 mlljneters to 30 imeters, and
i S ISTOBoROURr Siruiie, A B8 GuebBtrisesacted from fhe range of

millimeters to 10 millimeters, and a width selected from the range of 1 millimeter
to 10 millimeters.

The method of claim 1 wherein said printable semiconductor element comprises

a semiconductor structure having a thickness selected from the range of 0.0003
millimeters to 0.3 millimeters.
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millimeters to 30 mllinmeters. 3. The nethod of claim
1 wherein said printable sem conductor el enent

w@ Mn4x¥es a semi conductor structure having a PENB1907/022959

Teemeethod oinctai + whgeeinsawl printablei sasieogdyeionelement comprises

" %' by et il & hiEkaeds RubriB BV e lanop'or 0.002
V\fnﬁmﬁm@térgltg @ogrpﬁmmh@teggem conduct or el ement conpri ses
a sem conductor structure having a |l ength sel ected

fromthe range of 1 mllineters to 10 mlllrreters and

i e e By B sy L STRpS HOGR B bing 2 Bk Y H eriptgore’
Pr 58hRRINRIUERIPISEHGIGH s ﬁb%@éﬂnn@ aig:é%? said substrate via contact

sem conductor structure having a“thickness selec
f r printitgs whergin edch0of0s0@ printdhilersemicondactor 2lements comprise a

millinete hod .o aim1 reipn said
ot SHRNUEIG SDRBIE FBV9 st sElegractBamahe Tande of 0.0001
se tyQr ayi
Fr DURCRAE10, 1000 HliESorary Midkh B RERE yRetefigest 0.0001
m Millimetensto 7000|' tréllimetérecanaff a tHicknes$ setegied &onythe range of
r@z)pl n | ura r| nt abl e sem conduct or

é d %W'@geés F%@e%{}ll"'ﬂﬁ &% face of said substrate

VI a contact printing; wherein each of said printable

sem conduct or el enents conpri se a semn conduct or
st irhetmetdaotia)flctagmm fuaﬂmr h:osmrsu'tgamefs’temof beepamegmngfsmd receiving

OOOlm# 1000 II|rreters
sePRERERIO % g:er a@gw@ ®IG10TNPIE %Y'%‘P §°F'<9°!.‘G0t§
mllimeters and a thickness selected fromthe range of

0.00001 miIlimeters to 3 millineters. 8 The nethod of
¢! dhenethodtdiefaimohfurtieer vomiprisirgg providing bap @t hesrei opdical

sai d recei Vi ng surface of  said device substrate with

10.

11,

12.

13.

onEOBPOREPTS inQptical quwﬁmtl@n withrsaid peintakie semigonductor element.
further conprising providing one or nore optical
conmponents in optical comunication with said

pr Theahéthodefictaimd furtiter €oemprising the. stép ef prdvidirg fafn array of optical
claim?7 furthqir coglprl Si ng the step of providing
ar FQV‘PQPGBEN? etted diom g upgonsistingraf shfusing @pwp dispersive

h§§ 'c%ﬂe&f tqdbﬁtféés bBHc ttro y éﬂfc Eﬁc? biSﬁ‘ né(] ‘?ﬁ)bﬁﬂh?rem said array

ect ing (‘:onc rat
f i béoptlcm eompmneatsahsq:ma;dedﬁn optical zcbmumoaﬂmi wnthsat least a portion
proyi ded |j tical nruni cation with at |east a
poP%/?%'H mmt%%lgéem@?n@mr alemedbhduct or el enents. 11.
The nmet hod of claim 10 wherein an optical conponent of
said array is individually
The method of claim 10 wherein an optical component of said array is individually

addressed to each of said printable semiconductor elements.

The method of claim 10 wherein said array of optical components is fabricated via
replica molding; wherein said printable semiconductor elements are assembled on a
receiving surface of said array of optical components via contact printing.

The method of claim 1 further comprising patterning first and second electrodes

in electrical contact with an exposed surface of said printable semiconductor
element.
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14.

15.

16.

17.

18.

19.

20.

addressed to each of said printable sem conductor
el ements. 12. The nmet hod of claim 10 wherein said

WQR008443885 opt i cal ngonent s is fabricated vi aPCBpb1007022959
aw

ol g methog of eiaumSJ efgin paidprintaklgiseoriconduntoreelement is
are_ass | ed_on a receiving surface of sal rra

AT ETOIER Ao eoR 0 SUHGE Vi raraie Goadiihing

nmet hod of claim 1 further conprising patterning first
and second el ectrodes in electrical contact with an

ex pbe ewetbad bhckimf1 whemimsaidtmmmbleesamiomhumtmelement is
el enent. 1 The net hod of claim1 wher

o STRETpIEd ey fcrivioe SurBRe e GoaBmebl Ganster device.
receiving surface via dry transfer contact printing.

15. The nmethod of claim 1l wherein said printable

senhe orethod of chaira mﬁmhémlmsadrﬂssemMngmm compei'ses ng
urface using conf qr ma I ansfer device, The
obREng SaRh SRt fansiar e R TR Birgniac Surtacs
conprises: providing said conformabl e transfer device
havi ng a contact surface; establishing confornal
coestablisiieg meaimrmal eantachbétweenfacextefna sudape iohsaidl pmntable
sem cond ctor enentrujzndgsal d contact surface of said

coPFBIGRRRLECT elamaeda £oniged serface af saidGaniprmable transfer
S o06AES, WAGKE S Lo forid oftaRE LRSS dtinabiE Eeficductor

I'd contact ace; cont ac

seeieatefrdmtsald cordactrsurfaceged to sal d contact surface
and said receiving surface of said device substrate;
and separating said printable sem conductor el ement

ggg?@gbﬁngﬁgé‘ig@hg@é%ﬁﬁc&{ s Igﬁ%}\? Eﬁﬁ@é& td §488%oRtact surface

seand saidueteivirg] suréade ofrsa@ddvuce@ﬂbstra'@ andf ace of
sai d device substrate. 17. The nethod of claim1

wherein said printable sem conductor elenent is

as ! 3 :
o) S5 a0 SAA o B HMEAaGD! gfr oS3 contpct surface of said
wheordformabledransfert divlice, teeiebyratsemblinglsaid printable semiconductor

assenbl ed on said receivi ngﬁzurfgge usi ng .an

o1 QBT ONCSAIY 95IVIRG SUTGS 6L EREIRACRSUlSHEe wher ei n

said printable sem conductor elenent is an electronic

devi ce or conponent of an el ectronic device. 20. The

meThethethod lohictairh Wiwhersim sai primabletsephicosdustoogidmsntis
el enent is an el ectronic device selected frogmthe

gr 883eTbIRg N $aig regeiving sugace asingsan elastaypeds trapsfer dgvice.
sensor, a diode, a transistor, a p-n junction, an

i nt egrat ed circuit, and a phot odi ode. 2 1. The nethod

of Thé anethdd \ofieladmn wherkim saidt grintebleesentioondwdtor element is

el enent. conpri ses
assembled on said receiving surface using an elastomeric stamp.

The method of claim 1 wherein said printable semiconductor element is an
electronic device or component of an electronic device.

The method of claim 1 wherein said printable semiconductor element is an
electronic device selected from the group consisting of: an LED, a laser, a solar
cell, a sensor, a diode, a transistor, a p-n junction, an integrated circuit, and a
photodiode. '
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said sem conductor structure integrated with at | east
one additional structure selected fromthe group

W@ ensigIoBhg of : anot her sem conduct or struct urBCT/ES2007/022959

21.

22.

23.

24.

25.

26,

27.

di dihednethodafalainut sheseindaid puatable semipoadueted element comprises

caeareyariieaHFbeoE ardde HiadPelEif ot Ry Bhe ARl AT structure

s eRbRETSHIFHAN thetdruah CbAsishinG of: Arthed ddmiebndeRsE stilidure; a
el ectroni c device conponent sel ected fromthe group

cofligleelria gtrocturecanductive structureli andean opticalsjrwicturan

optical coating, a metal contact pad and a

sem conduct or channel. 23. The nmet hod of cl ai m 7

uheel Rerdidofiait #RltereiRMaid BAHELR séhRUARLEtr BIHER comprises
at |l east two el ectronic devices sel ecte romthe

gr safd semicosducigr sfructare Irfeprated withrat least ohereleatidnic device
sensor si st or -n nction, an . )
ncog daf@agée'reetﬁd?fr RS SrontEomSin bhan cledrods aaielectric layer,
of G|

ol &N ﬂétféﬁ!ﬁ%&‘% I 2Bl Eoftacl b oRAREER ARBANGEE channg),
nanoneters to 100 m crons 25. The net hod of cI aim1l

| 0P BTG of GIBET ihegs S varc P eGSR BIFERELPIog Slamens include

pri
stepe el o e
el dasen; asolasael, a sersor, aglicds,fatransiStos,aa p-rsjunstiomtan integrated

26. .Th.? rre%og f.claim25 wherein said adhesive | ayer
i s CHRWLANGR P 0&9' r layers, prepolyner |ayers,
el astomer |ayers, netal |ayers, or a conbination
thereof. 27. The nethod of claim1 further conprising

t hdhetrepthold girataimdil mdhesieinagaioh ptintabplesemivondsaoionielergent has a
| ayer in cor]t act Wlt sai d pr, né bl e sem conduct or.

el dhiekpessssg %Ctﬁgrﬁ% thepnge @nd @@@nam%mtaywo microns
capabl e of at |east partially encapsul ating or

| am nating said printable sem conductor el enent

ass'l'émhhemoainf&aaum 1 durtheri cognprisiii@tiee R8ps bfreprovidirglavwtdhesive
ilam 7 wherein said r| nt abl e sem conduct or el ements

VR S0 B dCCRIEN ST TAFSA cgniagting saic\Rrinjakigsemigerductor
I
gg.e?‘é‘méﬁt \ﬁ‘ﬂﬁ ggﬁ(ﬁdiﬁg}iﬁﬁagér 1488 'Ho‘ﬁ[jg'fbggaﬁ {ﬁnéfdﬁé §bficonductor

met Whererh oAl
seglernentiotsaid edcmining sutfaee af saididubdtrate.sai d recei vi ng
surface of said substrate with a density equal to or
greater than 5 sem conductor elenments nm 1. 30 The

metipadnefhde @f'éi%ii'n 38 ARr&inRlidaBhe O0& Rlyer REGHE 8P AEE Polymer
el enent has at | east
layers, prepolymer layers, elastomer layers, metal layers, or a combination

thereof.

The method of claim 1 further comprising the step of providing a laminating or
encapsulating layer in contact with said printable semiconductor element; said
laminating or encapsulating layer capable of at least partially enéapsulating or
laminating said printable semiconductor element assembled on said receiving
surface. '
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one | ongi tudi nal physical dinmension | ess than or equal
to 200 mcrons. 3 1. The nmethod of claim1l wherein

W@ 2008/1g368H51t abl e sem conductor el ement has a  PCT/US2007/022959

28.

20.

30

31.

32.

33. |

34.

35.

36.

cr d8s nseitiod @i alaiphs whesgin saitbpantablessariconducioe elemants are

A BEIBT A1 5B A BelS Sl R e rango o

SeADOON Meios? 8 §HRees?. assenbl ed on said receiving

surface relative to each other are selected to within
10, 000 nanoneters. 33. The nethod of claim?7 wherein
bl e. senj conduct or , el e ts on s

saLd print id

e Deleod AR &GN eI, BRRABIS SarhiegRaHClar elements are

o _ b gt Lo . . .

Al PaREbicR GRS CNing A e IS SUPTIRUE Ml oty equal to or
pageddter than Ssemicon8udieyredersents reach ot her. 34. The

nmet hod of claim 1l wherein said optical systemis

selected fromthe group consisting of: a array of

li TRAA j £ f

velEk (fetioll TPt Rierdih Bid ginShid SSRkcondRtoreidief has at least
L EDndilengitudinal phypicatdimerasicrlesatiamor aqualyto @00apicrorsd.
sensors; a sheet scanner and an array of solar cells.

35. The nmethod of claim1 wherein said printable

se ; i

e anetElys iR ¥ WnerERid BinBek te et nInep By fent has a
wherassrsettiodapphysiced idimeasion setbotéd over thigaahge ohpOira@dmeters to
a single crystalline sem conductor material.37. The
met19d'8'08?nscl aim7 further conprising the step of

providing a electrically conducting grid or nesh in

el ectrical contact with at |east a portion of said

pr Mhieahéthosiesti ctaino ethereinl thepositions af daigh prihtablersgsiconductor

provi ding one or nore electrodes qr electrical

i n@)ﬁqm@wgééﬁﬁmblgq PO SAlT Beeving sudacs falative toyaachrpthgpare selected
Thes WRhIHY 0boFh@hdmateryherein said nesh or grid

conprise oné or nore netals. 39. The nethod of claim

37 wherein said electrically conducting grid or nesh

S re than 50% optically transparent. 40. The et hod )

of fgganﬁs_tf@% Qm%'_m whereingaic BRniaRIe SeraisRadueidr glagents on said

or ol . :

ol L5 Sy Patd B Tty Bietf allfiod ithreshEerTE 2B gfier. wherein
meshid lsngitudinallyt alignedeserniconductbaglement extengl lengimsdhat are

of clajm 37 further conprising the step of assenblin
saParajiel tp within 3 degreesngof each o%her. P J

The method of claim 1 wherein said optical system is selected from the group
consisting of: a array of light emitting diodes, an array of lasers, an array of
VCSELs, a passive matrix LED display, an active matrix LED display, an optical
sensor and an array of optical sensors; a sheet scanner and an array of solar
cells.

The method of claim 1 wherein said printable semiconductor element comprises

a unitary inorganic semiconductor structure.

The method of claim 1 wherein said printable semiconductor element comprises
a single crystalline semiconductor material.
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mesh on the receiving surface of said device substrate
or on external surfaces surface of at |east a portion

W@R00sa#83pri nt abl e sem conductor el enents, theP@HYs2007/022959

37.

38.

39.

40.

41."

42,0

43,

44,

establ i shing electrical contact between said grid or

comneghatiRst Bhim ZRTine? AHerci fia 380 B BioviRl etectricaly

V\’ﬂ@bﬁdlﬁ’ctﬁige@ﬁd bPr’HesﬁQﬁ‘ RREticH) cBhﬁi@t ﬁﬁlhqatf@ésﬂ'a S6rtien o said
mesh to said printable sem conductor elenents is

es Pabtabit eelmmor‘awgmtﬂlemgnsasaldggnctioromeabspmowdmgme or more

rec surf f_sai |ce substrate n

o Pt ioR8s Y Eleitod inB oo Sridlies Asaid bafiCayystem.

said pri nt abI e sem conductor el enments by contact

printing. 44. A nethod of making a sem conduct or - based

opfliheahethpstt afrolaisaB 2 winerdin dawb mershrrggidt demprisgosn® br more metals.

provi di ng an optical conmponent having an i nternal

surface; providing an electrically conducting grid or

nme

Coﬂg‘lgﬁﬁ%@g?cgv dﬁf @?‘bvhgg(-f\}lf\é%e%‘f‘dsg{?cﬁﬁfaﬂgeﬁﬁﬂﬁalng grid or mesh is more

r etleary 50% sptrdaﬂyeranapamninl ing a plurality of printable

sem conductor el enents on said receiving surface of

sai d substrate via contact printing; wherein each of

Sa r‘ a) . »

or eaneiHR LR ATSF B Said L ERT Ry EOTBILERFid o meshis a

t héamimated structuf01l millineters to 1000 nmillinmeters, a

wi dth selected fromthe range of 0.0001 mllinmeters to

1000 millinmeters and a t hi ckness selected fromthe
EMQ% (%ﬁrsﬁud Biedtr [PaLg'cHﬁaﬁétﬁw Yor mesh is

transferr| ng sal pt| ca onen sal

or boedbd to analastdmer teyesubst rat e, wherein said opt| cal

conponent is positioned on top of said sem conduct or

elenents assenbl ed on said on said receiving surface

r ' . . .
o T e TSR ot 0 S ek s graor
s e mesimoi theoreceivimg slisaceoiisaitl elevice subisttaty odowextersél surfaces
is provided jn electrical contact with at | east

a
rfaqe of atleagt ﬁnom%ofesag@wetﬁbdméem.lccmd@mteéemaets thereby

Th %S{H%tlig Cgle&}'léélrﬁo‘}ﬁaé’i‘b%'i\ﬁéé‘n 84 oFFHegh F%n'd"gazi‘t? bfleasta

sem conducror el eaent s conprirsesS a Sem con

st podiamn ef $ed prigtablé semidorsectrtedeménism t he range of

0.02 millineters to 30 mllineters, and a width

sel ected fromthe range of 0.02 millimeters to 30

m 'T'h'e ot oftfaim E@Nﬁ%?&ﬂ%l?étri&él%oﬁhé?ﬁdﬂ‘%ﬁi $hi§ Hdkal grid or
sa| pr| n e sem conductor elenents
mesh to said printable semiconductor elements is established by assembling said

grid or mesh on the receiving surface of said device substrate or on external
surfaces surface of at least a portion of said printable semiconductor elements by
contact printing.

A method of making a semiconductor-based optical system, said method
comprising the steps of:
providing an optical component having an internal surface;

providing an electrically conducting grid or mesh on said internal surface of said
optical component;
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conpri ses a sem conductor structure having a |l ength
selected fromthe range of 0.1 mllinmeters to 1

worRioBi#gss®r, and a wi dth sel ected fromthe ranp@&r/v$2007/022959

45.

46.

47.

48.

m'IIimaters to 1 m'IIimster.' 47. The method of claim

erein each o r I nt abl e.sem canduct or
o1 BIBOATEice SuoSPue BYA GG sTfRH e havi ng a
| ength selected fromthe range of 1 mllinmeters to 10

mllimeters, and a width selected fromthe range of 1
rri IaBSemb&mg atplllrfalim' d)flprrmaMesenﬂébndUmeonmwmedtS)m shig neceiving
sai.d printabl e seni conduc

h
o1 slifacs oL sHqLibatale \ig OBk ARPERS - WheeTLS G Al $2ig Piintable
t .hb m&%re&%ﬁgn@ ﬁ%lﬁ[{a@e 5 3BHficH Lﬁt&oﬁﬁmture haying a length
m | clal m

|rretersto ters. 49.
44 seleeter] fromatbe rahge af . O(D(Dhtmlhmetesrerto ctolunmilbmeters, a width

I ises a sem tor stru avin
ChetafiSabe Tanos ob HGE! Mifigeters to- T ilMeiRIEary a
t OtrQCIQr?eég ééléé’f@& ot thranB%f 600081 Mk R B3 milimeters; and
wher el nmesh or grid~conprise one or nore netals.

5 1. The nethod of claim 44 wherein said grid or mesh
is nmore than 50% optically transparent. 52. The met hod

of VBNSIEMInG SARYRICA! COMRORRIERNGIERIR drs of mash kel device
st Egﬁét‘r‘étﬁ wﬁ%relﬁ— %gldgl@ dﬂ%o cgﬁp‘é}w {nsﬁ);bsm%reﬁ'&h @}' &ﬁ'iald

nesbanbmfdwtcme‘reraanwmwmbledlod sHidohcad réc@wimg serface of said
coupled to a glass substrate vvherel n sal d el astoner
| a§yP8ﬁr%tepw§pf¢Ieﬁamv@@hnbeeshds grovided ﬁ@mrhmdMIaal component

gl %ga s%'n’%@éﬁ@éo‘?\dHéﬁr eTJ}‘ﬁ?ﬁﬁ Qﬁag\?{) r&}'\ess é‘} %ﬂgé}_rowded in

or mnes as a

Th elemmdfat@onfaot Withrat4dasttzep@tion ohisdidsprimable semiconductor elements.
transferring said optical conponent on top of said
sem conduct or el enents assenbl ed on said on said

r e&RY T@%oﬂ%ffciﬁ@pﬁ g\ﬁ‘il%'ré*nse‘ék&ﬁtdf%fﬂ ﬁﬁ’ﬁfﬁb S&frmcanductor elements

assenbl 1 ng sai onent on

secompnides acsemicondudtor asaauté kaving aSlengthQIele(aed from the range of
receivi ﬁ surface_ of said substrate using cantact
or 03 !

meiers g SQiligeters, andawidin mee@ﬂrfrcgauﬂae gange of 0.02
or i térs.s tB%G'ﬁ#’i‘hﬁ?et@& said internal surface of said

optical conponéent vVia contact printing. 58. The nethod
of claim44 wherein said grid or mesh is assenbled on
saiLd internal surface of said optical conponent using

a dbermetned of daignd4 whemipieashsy saichprintab 'Foeﬂwtﬁf elements
| o Wﬁﬁf ﬁbg @ HicBhATGctBF stFEdlrd Radtig @BhGH Hlect8Yrom the range of

0.1 millimeters to 1 millimeter, and a width selected from the range of 0.1
millimeters to 1 millimeter.

The method of claim 44 wherein each of said printable semiconductor elements
comprises a semiconductor structure having a length selected from the range of
1 millimeters to 10 millimeters, and a width selected from the range of 1
millimeter to 10 millimeters.

The method of claim 44 wherein each of said printable semiconductor elements
comprises a semiconductor structure having a thickness selected from the range
of 0.0003 millimeters to 0.3 millimeters.
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surface of said optical conponent using an el astoneric
transfer device. 60. The nethod of claim44 wherein

W@ 200d/1g368H51t abl e senmi conduct or el enents are assROHUBWOTIR2959

49.

50.

. 51,

52.

53. 5

54. 4

55.

56. >

57.

58.

said receiving surface using dry transfer contact

opt ettt ob lalds LBy fecki sl iyl Affstsep8hductor elements

coaeﬂm@és aasémuebhdmaﬁsmmétaté n@wﬁ@tal tARknE§STBEIBBRG frém the range
lig opti cal nponent, ~a di spersing

oppf éhooaanﬁhmegens t@r0@2|m@hnet|er$ter| ng opti cal

conponent. 62. The nethod of claim44 wherein said

optical conponent is a lens or lens array. 63. The

nmet hod of claim44 wherein said optical conponent is a

PDVS nol ded | ens or a PDVS nol ded |l ens array. 64. The
meilhednethod! cfictainvddimbectin said oheshiartgriol comprise one or more metals.
sem conductor el enents are an el ectroni c device or

conmponent of an el ectronic device 65. Thée net hod of

ol o . _

ar oS o TIdIA) etein'aR) Frid BTN S ot Ao B0 optically

gr trapsparesit.st i ng of : an LED, a | aser, a solar cell, a

sensor, a diode, a transistor, a p-n junction, an

integrated circuit, and a photodi ode. 66. The net hod

of TheahBiHoH JHIPAIRT 44 HibleFeiR'Sald gﬁa ®r FRIEHAS radlﬁﬁ{iﬁéted structure.

el enent conprises said seni conductor structur

integrated with at | east one additional structure

elLected fro he oup consi sti.ng of:

PedTatodG i 24 Bréin S bud Br faestiis onded.to an elastomer
COWHVG structure, and an optical structure. 67.

The ‘nmet hod of claim 44 wherein said printable

em conduct or el ement conprl ses said sem conduct or

b AL bl e R gb S Bl o oo
Of suBE‘tr&'eethPél saft ?Ibg{o‘?ﬁérgage dl@?%‘éltloﬁrb&?yhbfl dhid grid or mesh and

coating, a met a cont act sem con

chaaiteglass substeateet hod of cl ai m 44 wherein said
printabl e sem conduct or el enent has a thickness
sel ected fromthe range of 100 nanoneters to 100

M qi@Reftdd d k4 \Af%ﬂﬁﬁ? ﬁ‘d %?Pﬂé’sw’éécé alll fé&é?@ss than 30%.

optical system said net r sing the st
prOV|d|ng a device substrate haV|ng a receiving

ace; ass I.i ng, a pri.ntable seniconductor nen‘ )
on TERITBCINOET gl 44 AReeinsAic Sted @ Siaelara0 seld GPICal component
co
se?;,hsghgz%?@fré%ﬁg@ﬁﬁctggem b oh 0 i recahing
surface of said substrate comprises assembling said optical component on top of
said semiconductor elements assembled on said on said receiving surface of

said substrate using contact printing.

The method of claim 44 wherein said grid or mesh is assembled on said internal
surface of said optical component via contact printing.

The method of claim 44 wherein said grid or mesh is assembled on said internal
surface of said optical component using a conformable transfer device.
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surface, thereby making said sem conductor-based
optical system 70. The nethod of claim69 wherein

W 200d/1pd6ahar i zi ng step conprises enbeddi ng sai BCT/US2007/022959

59.

60.

61.

62.

63.

64.

65.

66.

67.

pr T he apetbod etictaimatt wberain saishgrid at meshiig agsembled on said internal
b 7.1 .Th hod .of . cl ai m 69 fur. :
contadh fitsdin dtcafpdfpdian i A Sastomeic fagstesgiayice.

on said receiving surface of said substrate, wherein

said planarizing step conprises enbedding said - _
pr iThe ab¢thod extictaomodt wheredh saihprintablesseimipbadactoz elegents are
| ayer vi ded on said receiving syrface of said . |
dedseRMBIEHkan said reseving sirfasensing Anciransiercantapiprinting.
said planarizing |layer is provided to said receiving
surface prior to said step of assenbling said

pr iThe abéthodetictaimit wberaih saihoptal samgonentis\a light collecting
surface. 73. Th thod of claim7.1 wherein saigd e
o1 QR oAk A e gonceatatag otical CORRINGNG & loht diffusing
Su I - . .
SooPHES cRniiEinelf £ aihBfkiR P TaldeehPLr aBgh RS optial
Theompohedt.of claim 7 1 wherein said planarizing |ayer

has a thickness selected fromthe range of 10

nanoneters to 1000 mcrons. 75. The nethod of claim?7

1 e . o I _ . )
pr 3@%@%@93?@;‘35%0} Pherdd salff optical Bfpofienfs,a leps prlens array.
further conprising the step of curing, polynerizing or

Ui pKi : I L I havi :
o TR B BOG R BTN SAEF P A EARPNEHLRE RDMS molded lens
thsr, S%l(/l@%gﬂieﬁkg?%ﬂaw abl e sem conductor el enent in

sal d planari Zing 77. The nethod of claim 69
wherei n said planarizing step generates a

suﬁ_gt ant | al IZ& |.anar top surface on said device
subSeraethod iCﬁ)?dms‘b‘} whereiRsakl erintakiecsampicenducter eleggnts are an

78ele-5'ﬂ%PiEE&é\ﬁéie 8 cShgbﬂbKFofféH él@@froﬁiﬁ'&rv'iq%i. ng the

steps of patterning one or nore electrica
i nterconnects to an exposed surface of said planarized

pr int abl ssqu{irchnduc%r el erre'_d;t .of said substantially

pl dR&rMelHRdQialeed4 woere Sajrpriabler semigpRdegonalemsnt are one or
sa r : [ : .

Sy ARC 030 SORHSH RoneheTiche congsfh B A 62D, a laser
Theolaetbhda sénsdraadidde, whiearsistos,a g-mjunotie|an integrated circuit, and
sen %ond ictor elenment is an LED, a | aser, a solar

cePIPhofo@@dor . a diode, a transistor, a p-n junction,
an integrated circuit, or a photodi ode.

- The method of claim 44 wherein said printable semiconductor element comprises
said semiconductor structure integrated with at least one additional structure
selected from the group consisting of: another semiconductor structure; a

dielectric structure; conductive structure, and an optical structure.

The method of claim 44 wherein said printable semiconductor element comprises
said semiconductor structure integrated with at least one electronic device
component selected from the group consisting of: an electrode, a dielectric layer,
an optical coating, a metal contact pad and a semiconductor channel.
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69.

70.

71.

72. ¢

73.

74.

75.

8 1. The nmethod of claim69 wherein said printable
sem conduct or el enent conprises said sem conduct or

6§’V(32008/a#366® i nt egarlat ed with at | east one addi ti PEEIUS2007/022959

st T hemethod of slimct4 wbereim saighprinaklerasnaiconduaser element has a

angther 1.C o, Structure. ielectri ,
ot PliekeS SIS BT tbedaPl oo BaibBrESHES Gigo microns
structure. 82. The nethod of claim69 wherein said
printabl e sem conductor el enent conprises said
sehi methodafanaking acsamisonduetgr-hased aptical syslesassaid method
el ectrani c 8 ce éforrponent sel ected fromthe group
coﬁ%’i“Q{'F'H@ Fectrode, a dielectric layer, an
optical coating, a netal contact pad and a
sem conductor channel. 83. The nmethod of claim69
whprasiiding ai device sulkditate Haningan thosiving sudaegit has a
| ength selected fromthe range of 0.0001 mllineters
to 1000 mllimeters, a wdth selected fromthe range
¢ St agingh pLIEE SEmhchrtitor BIeb PR 53igh peting surtace of said
m Bubstedtenéa tontachprintingetaeds. 84. The met hod of claim
69 wherein said printable sem conductor el enent
conpri ses a sem conductor structure having a | ength
r‘ . .
[iafingl 2 Rty B ornulter R e Remiidy g said receiving
0. Qarfamé ,|thebgmeaking 3a@idsérhicoatactor-b@Sed tpticatesystemn of
claim 69 wherein said printable seni conductor el enent
conprises a sem conductor structure having a | ength
sekggt : :
o TS AL S Sdn Al S odfphseg epopacing ai
m plintableesemicondlucior Ieiememlntcﬁfald'ﬂeelcmdbwaté claim
69 wherein said printable sem conductor el enent
conprises a sem conductor structure having a | ength
se t |4 Bt
I FERLP VLI Sffier comalistly F15T08 LBkl g pignarzing
m Idylerrenesald reckivimg surfaee of said8ubsiFhte, nticheid saﬁd plamanzing step

69 wherein said bl e s m conductor el enent

o oRppeses snbesiiic thid Asntalis SeTandvStar RISREDH Ak planarizing
3

o Ve Bovidédhh Baid SR STHACOS SilideTRESubshle. |

pri nt abl e sem conduct or el enent conprises a

cond ctor tru e havinpg a thlckness sel ect ed
gh?t‘ﬂ%‘ PQ 1 W orein |SF3| apakzipg layegjs provided to said

m Hde‘\ﬁﬁ ﬁg{:”@ era—r‘{% 4 e%ﬂ?n?;gﬁ?ggﬂﬁfaﬁlé‘geﬁ%nductor

st eps: gapura tyo prin
sememMMMldeemngsudaceal d receiving

The method of claim 71 wherein said planarizing layer is provided to said
receiving surface after said step of assembling said printable semiconductor
element on said receiving surface.

The method of claim 71 wherein said planarizing layer has a thickness selected
from the range of 10 nanometers to 1000 microns.

The method of claim 71 wherein said planarizing layer comprises a prepolymer or
a polymer.
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surface of said substrate via contact printing; and
pl anarizing said plurality of printable sem conductor

W@L@aa#i635s assenbl ed on said receiving surface. PODUSINE022959

76.

77.

78.

79.

80.

81.

82.

83.

met hod of claim89 wherein said plurality of printable

sexi con al, el.e s,.conprises e or re. .

o1 SbE MeBbk cFECP L hiTef ERmer S’ e AbE ina, raymeizing or

of eraasifldingtsdid pfinarirgPhgér K&lihg sidsiable stnfitOfBuctsr element
transistor,” a p-n junction, an integrated circuit, and

a phmieddeddber@irn, therebytfixong sdid prikiatde semiconductor element in said
senj conduct or - based optical system said nethod

coﬁ]@'\ IZIg IR¥RS- st eps of : providing an opti cal

conmponent having a receiving surface; and assenbling a
printabl e sem conductor el enent on said receiving

sulhaaeethbddicthimpd9 wherain isphplanarizing step gemerates a substantially
rinting: wherein saj r.i nt abl e sem conduct or ,
P Blbiiar o SiTAcE B S8 adticd & batfasd Fak arstls entakle, gemiconductor

| eg el ected fromthe range of 0.0001 millimeters

to 1 mllimeters, a width selected fromthe range
of 0.0001 mllimeters to 1000 mllimeters and a

t hick | ect ed f th | f 0.00001 ) '
i TE 86008 & Gl 1 [ufTher EpaTDTs thecstans AEBARAMING:/7A O more
9 LMt 'iﬁieﬁﬂnﬂe@fs'cfateﬁ\bé)?po%%[i‘%@@gf %5i§bl§ﬂ$fﬁeq printable
conprises a sem conductor structure havil ng a leng

s ebeniicahducton dl¢mentofgsaid substadtially planat tpssurfacd0
mllimeters, and a wdth selected fromthe range of
0.02 mllinmeters to 30 mllineters. 93. The nethod of

o B e o B o B QB s

sepeintatie elegtrohitadeviveger eteclodicrdevicensdmpeondmt. 1 :
mllinmeter, and a wwdth selected fromthe range of 0.1
millimeters to 1 millineter. 94. The nethod of claim?9

1 whgmbihoadi¢idm 69 Pkfein %@&8%%%%&?[#08@0@85 Sltelment is an LED,

conpri ses a sem conductor structure havin

sehdaserd afsotan detiearsenger, @f didde;j a transistorsa pen juhction, an integrated
ml]ineters, and a width selected fromthe range of 1

mi PRt phote 'O%P} limeters. 95. The nethod of claim

9 1 wherein said printable sem conductor el enent

conprises a sem conductor structure having a thickness

seTaetmethbdohddim ehnderein saidpiiabld $emiebadactboelnient comprises
mlljnmeters. e met hod of claim?lvvherein said

96. Th
pr SA:IAMICoRdNCIoRalketHre Itegratad Wiyt Jeast one additional structure
selected from the group consisting of: another semiconductor structure; a

dielectric structure; conductive structure, and an optical structure.

The method of claim 69 wherein said printable semiconductor element comprises
said semiconductor structure integrated with at least one electronic device
component selected from the group consisting of: an electrode, a dielectric layer,
an optical coating, a metal contact pad and a semiconductor channel.

The method of claim 69 wherein said printable semiconductor element has a
length selected from the range of 0.0001 millimeters to 1000 millimeters, a width
selected from the range of 0.0001 millimeters to 1000 millimeters and a
-thickness selected from the range of 0.00001 millimeters to 3 millimeters.
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a sem conductor structure having a thickness sel ected
fromthe range of 0.002 mllineters to 0.02

wWorRdoBfigsser s. 97. The nethod of claim9 1 conprPGI/ER007/022959

84.

85.

86.

87.

88.

89.

90.

assenbling a plurality of printable sem conductor

conBB o o e 6F Ansl i b AA0R s iRlcBoRBbF Blament comprises
pr arge@mbsnmﬁgh%mﬁeoﬁa\ﬁhgﬁﬂehgm%apécttémrom the ra range of 0.02
sem conductor structure having a length selected from

t hmmlmegersdﬂ 80 omthmerteis andtaewisith selectd #ioml thewaegs of £.02
W|dt|h ? g mtherange of 0.0001 mlIlineters to

1055 M9 iSHeY 9 MFES hi ckness sel ected from the

range of 0.00001 m [limeters to 3 mllinmeters. 98. The

method of claim9 1 wherein said optical conponent is

a mthemulcﬁculaingG@pheceih sadn‘rpmntabte, semicogductor element comprises

oo ST ICBRHHIRE RSt fge gggmqg@,c‘igtggr%@gm“esran e of 0.
Thami e B ¢ 'L{?'ﬁﬁtsﬁé“ﬁ%?ﬂ%%&‘%%@%&t R ERhe S0

i s nsiliestémsctof 1 omillinetegr oup consi sting of a lens, a

|l ens array, a reflector, an array of reflectors, a
wavegui de, an array of wavegui des, an optical coating,

an T‘ﬁ'érrﬁ tHold émflz? ﬁfé? W\%?élﬂ%% Hnt%BFé S&hic F)hhﬁ@tbr efé'?nent comprises
arrayo optica ters, optic el enent
ar laaqemrbohdmlor stnmtureahmgiaslengw(selé&tedlimmé mfnge of 1

9 1 wherein.said optical conponent is a |ens .
o Falmetgi Bt Caligeless: 41k ynth sRIECieg o Hirranieala1 millmeter
of ¢! & 'Tﬁ Fméh dberein said optical conmponent is an
array o t collecting optical conponents, |ight

concentratl ng . optical conmponents, l|ight diffusing
cal conpanen di spersin tical conpaonents or
" ghe el C?frFEa'B]o§$ mer@aﬁqueng@blelwmneua@f glsnent comprises
cI [
ar ?aéf"."@a';%ﬁ;ﬁ CHPuAE nainG 3 PickAEEIBERbRd Roiihd range of 0.0002
oneitimetarstop0idmillimetessm conduct or el enments. 103. The

nmet hod of claim 101 wherein each of said conponents in
said array is individually addressed to at |east one

of 14l ?fdd'ﬁf%@él@] q@%%?&H%%ﬁd’f)ﬁﬁﬂgrﬁ!éﬁ%rﬁ]céﬂéuctgpglement cbmprises |

met ho claim ereln sa
s e semidonductoesienetate having lacthickness sdlectetefsomrthe range of 0.002
co nents of el ectronl c devices. 105. The net hod of
gﬁ tersfReP 2 mdlimetess. nt abl e seni conduct or
el enents are one or nore el ectroni c device sel ected
fromthe group consisting of: an LED, a | aser,
The method of claim 69 comprising the steps:

assembling a plurality of printable semiconductor elements on said receiving
surface of said substrate via contact printing; and

planarizing said plurality of printable semiconductor elements assembled on said
receiving surface.

The method of claim 89 wherein said plurality of printable semiconductor
elements comprises one or more electronic devices selected from the group
consisting of: a LED, a laser, a solar cell, a sensor, a diode, a transistor, a p-n
junction, an integrated circuit, and a photodiode.
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a solar cell, a sensor, a diode, a transistor, a p-n
junction, an integrated circuit, and a phot odi ode.

WQ0®s/193985 net hod of claim 9 1 wherein said priPCHEEW07/022959

o1.

92.

93.

94.

95.

96.

sem conduct or el enent conprises said sem conduct or

21 AR L afbEa Sorblblalligr Ba5be Bl gt i methoo
anghmprisingthe Qspscéfor structure; a dielectric

structure; conductive structure, and an opti cal
structure. 107. The nethod of claim9 1 wherein said

printabl e sem conductor elenent conprises said

5 cRIVHInG aPPHca] CRmhPRert fuHhe SEORIF DA SHAFEeaRd one

el ectroni c devi ce conponent selected fromthe group

consisting of: an electrode, a dielectric |layer, an
opassathblingaa ipnigtable semadontinctarelemeadt amdaia receiving surface of said
sem conduct or channel . 108, .The pmethod of claim9 1

o8P Compnent 83 princt arining: wBRielo st SrauPseatiponductor

ha ' I f ;

nacemits oS B RahBandAAR) MRGLATARYRG a1Bfgih selegied from the
1 rangecdfin00fi0d millimetes o sI@P0qvitidnetecs, aawite selected from the range

<3 A e BB o ot SRbeb o e
S2ighde SRR 1AMAERNI FmihAERAS, | s assenbdl ed on
ecel ving sur on

sal ace using a c ormabl e transfer
device. 111. The nethod of claim 110 wherein said

assenbl i step .conprises: providing said confornmable .
tr iﬁ@ﬂ@@tﬂge\ﬂf@ "HaQ/r?Wbe'é?“B SRR iNtg i serpicondutar glemesyy comprises
coqf ] r [

B PP RS R BRI G8 EHUE SHer S ORF etande 002
sunfilliceters te aB0 millinfetensphhe at widltts selectbeMror thevramge of 0.02

sai d conf or rm!3 contact bonds said printable

seMiligRRrISier 3@ M €80 sai d contact surface;

contacting said printable sem conductor el enent bonded

to said contact surface and said receiving surface of

sailtie ope thod lof ctaimdevitereamshid ppiatabié sgmiconduptareiernbrt comprises
sem conduct or el enent and sai.d cont act rface of said
coAREMIERNAIGtoLSIEICHIediaMng 2 lengiheleciad em thegaggs @f 0.1

or b . C el . i ‘
PLirpliRRtes36 ) FANAASE anS SRR <8RR RobRE thddaf 91

cl milim@tdrswbet eniimeded pri ntabl e sem conduct or el enent

is assenbl ed on said receiving surface using an

el astoneric transfer device. 113. The method of claim

9 *h;!}ﬁ\ﬁ%tﬁba ot ddimd1 RhaRlif sﬁ%@%@l@ﬁ%ﬁigsgﬁu@& elefnent comprises

asse on sald receilving s

el aseanieonductorstructdredhavimg arnendgthdetdcted fom thelrange of 1
furtper co risin? the step of rovidin? an adhesi ve .
millimeters t6 10 millimeters, and a width selected from the range of 1 millimeter

to 10 millimeters.

The method of claim 91 wherein said printable semiconductor element comprises
a semiconductor structure having a thickness selected from the range of 0.0003
millimeters to 0.3 millimeters.

The method of claim 91 wherein said printable semiconductor element comprises
a semiconductor structure having a thickness selected from the range of 0.002
millimeters to 0.02 millimeters.
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| ayer or planarizing |ayer to said receiving surface

of said optical conponent. 115. A sem conduct or-based
WoRBA#I63ZYyst em conpri sing a devi ce made by a PEI/HS2M07/022959

conprising the steps of: providing a device substrate

A i R e TR RS R A
s akEmiddrRiLERSr @ lethane Bt §éﬁ€i rBE&ilingrfadB T 8hld SFticdl component via

printabl e sem conductor el enent Conprises a
sendrtactipdnting; Mhanelnueae:hh@f\aar@ panﬂablagse'mmhd octed efenoent comprises

the range of .0.00 mlllmst meters
i Brseagendhaley SRR aviag adedath Gesdd Fom receBag of .ooor
1099|nme'téﬂs"tst B0 ﬁﬂﬁm@tér@‘ 5'6\n&r‘ﬁsse$@ét§§tn%% fHé%‘Hn%;%eof 0.0001
range of 0.00001 mllineters to imeters
semikiowedersttor 10CG millimetérs eindsy thieknessrgelécted romathe range of
deyi ubstrate having.a receiving surface; and a
pl é@@éﬂﬁlt&??ﬁ% g'ﬂﬁ“%@rﬁ%uctor el ement support ed
by said receiving surface; wherein said device
substrate having said printable sem conductor el enent

98. haFheanethsdls ickaitni 31 Wherdinsald dptizas sofmpoeehhiata light collecting
i ncl udes sai d printabl esem conductor el ement, wherein

saPB "iﬁ &ﬁmnoz@@t o lightaoneenkating aptical 6pmacagaha light diffusing

c PRl oo P Rat htier oA oot Ry Sygring optica

m tbmpenents, a width selected fromthe range of 0.0001
mllimeters to 1000 millimeters and a thickness

sel ected fromthe range of 0.00001 mllineters to 3
99, M *rhbrmémba ofbm 9 &ﬁataﬁ%@l;%@fcaveamgoﬂem |§%|ele°c¥é& fiBin the
evi ce substra

sugfcmpeconsmlngr@fl a leysph lgns amnraweralen‘torpad awaqrof reflectors a
el enent s sugﬁort ed B% sai d receivi ngl surface; wherein

calRVEgUES; an driayiQfivaveguides, AR RRIGAI caatingnan asayref aptical
7SS Rab AR AR R AP Ll e Hloment and ar

m ktrayef éber optic\eldénterdsl ect ed from the range of 0.0001
millimeters to 1000 mllineters and a thickness
selected fromthe range of 0.00001 mllimeters to 3

100 bb'ﬁél‘ﬁb of%{ﬁma%g?hgréiﬁ s?ﬁ:eé})tﬂ'{a?égﬂgﬂnfeﬂt g el‘éh& Oa???a'y fabricated

contact VVI a por ur'a8

pr byptreplica meldimpnduct or el enent s supported by sal d
receiving surface, said grid or nesh conprising an
electrically conductive material, wherein said grid or

101 "®5Re PhAKbESS cﬁ?m%?@hég{iﬁlsaid%&fc‘\a‘l)Egﬁ'&)naﬁf 4 afaybf light

el ectrode of said o
collecting optical components, light concentrating optical components, light
diffusing optical components, dispersing optical components or light filtering

optical components.
102. The method of claim 101 wherein each of said components in said array is
spatially aligned with respect to at least one of said printable semiconductor

elements.

103. The method of claim 101 wherein each of said components in said array is

individually addressed to at least one of said printable semiconductor elements.

Page 94 of 98



10

15

20

25

30

35

syst em

WO 2008/143635 PCT/US2007/022959

104.

105.

106.

107.

108.

109.

110.

111,

The method of claim 91 wherein said printable semiconductor element are
electronic devices or components of electronic devices.

The method of claim 91 wherein said printable semiconductor elements are one
or more electronic device selected from the group consisting of: an LED, a laser,
a solar cell, a sensor, a diode, a transistor, a p-n junction, an integrated circuit,
and a photodiode.

The method of claim 91 wherein said printable semiconductor element comprises
said semiconductor structure integrated with at least one additional structure
selected from the group consisting of: another semiconductor structure; a
dielectric structure; conductive structure, and an optical structure.

The method of claim 91 wherein said printable semiconductor element comprises
said semiconductor structure integrated with at least one electronic device
component selected from the group consisting of: an electrode, a dielectric layer,
an optical coating, a metal contact pad and a semiconductor channel.

The method of claim 91 wherein each of said printable semiconductor element
has a thickness selected from the range of 100 nanometers to 100 microns.

The method of claim 91 wherein said printable semiconductor element is
assembled on said receiving surface via dry transfer contact printing.

The method of claim 91 wherein said printable semiconductor element is
assembled on said receiving surface using a conformable transfer device.

The method of claim 110 wherein said assembling step comprises:
providing said conformable transfer device having a contact surface;

establishing conformal contact between an external surface of said printable
semiconductor element and said contact surface of said conformable transfer
device, wherein said conformal contact bonds said printable semiconductor
element to said contact surface;
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112.

113.

114,

115.

116.

contacting said printable semiconductor element bonded to said contact surface
and said receiving surface of said optical component; and

separating said printable semiconductor element and said contact surface of said
conformable transfer device, thereby assembling said printable semiconductor
element on said receiving surface of said optical component.

The method of claim 91 wherein said printable semiconductor element is
assembled on said receiving surface using an elastomeric transfer device.

The method of claim 91 wherein said printable semiconductor element is
assembled on said receiving surface using an elastomeric stamp.

The method of claim 91 further comprising the step of provid'ing an adhesive

layer or planarizing layer to said receiving surface of said optical component.

A semiconductor-based optical system comprising a device made by a method
comprising the steps of:

providing a device substrate having a receiving surface; and

assembling a printable semiconductor element on said receiving surface of said
substrate via contact printing; wherein said printable semiconductor element
comprises a semiconductor structure having a length selected from the range of
0.0001 millimeters to 1000 millimeters, a width selected from the range of
0.0001 millimeters to 1000 millimeters and a thickness selected from the range
of 0.00001 millimeters to 3 millimeters.

A semiconductor-based optical system comprising:
a device substrate having a receiving surface; and
a planarized printable semiconductor element supported by said receiving

surface; wherein said device substrate having said printable semiconductor .

element has said substantially planar top surface that includes said printable
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117.

semiconductor element, wherein said planarized printable semiconductor
element comprises a semiconductor structure having a length selected from the
range of 0.0001 millimeters to 1000 millimeters, a width selected from the range
of 0.0001 millimeters to 1000 millimeters and a thickness selected from the
range of 0.00001 millimeters to 3 millimeters.

A semiconductor-based optical system comprising:
a device substrate having a receiving surface;

a plurality of printable semiconductor elements supported by said receiving
surface; wherein each of said printable semiconductor element comprises a
semiconductor structure having a length selected from the range of 0.0001
millimeters to 1000 millimeters, a width selected from the range of 0.0001
millimeters to 1000 millimeters and a thickness selected from the range of
0.00001 millimeters to 3 millimeters; and

a grid or mesh provided in electrical contact with at least a portion of said plurality :
of printable semiconductor elements supported by said receiving surface, said
grid or mesh comprising an electrically conductive material, wherein said grid or
mesh provides an electrical interconnect structure or electrode of said optical
system.
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