- 10

15

20

25

30

WD 2008/ 143635PC171152007/ 022959 OPTI CAL SYSTEMS

FABRI CATED BY PRI NTI NG BASED ASSEMBLY CROSS- REFERENCE

TO RELATED APPLI CATI ONS 5[ 001] This application clains
it of priority to U S. Provisional

%g?(’?@&gsons 60/ 885, 306 filed January 17, 200 @*@%07/022959

60/ 944,611 filed June 18, 2007, both of mhlch are

her DPTIOALSYSTEMSIFABRIGATESHBY RRINTINGrBASEDASSEMBLY

the extent not inconsistent with the disclosure

herei n. 10STATEMENT REGARDI NG FEDERALLY SPONSORED

RESEARCH %mNcEﬁoﬁﬁmemmmmnsme
at least in part, with United States goyernnenta

[0813ppdhis applieationeriaims the benatitaf eriatitte Sb@fOMS@f\a' Patent

ARSI oS 0o S04 GLIRR To2007

both\bEMCEre hélebginuoepdrated by referdrcmimstheiaentinetyolo the extent not
N mer_ transistor in 1994, a great deal
'"&“s#ﬁ'gr“@@ttl‘ﬁgésc é@ﬁ”&??g\:t ed at devel opnent of a new
class of electronic systens conprising flexible
integrated el ectronic devices on plastic substrates.

S Tvnet ay STATEMERT S ARG RE8ERAL Y s8RsongD

Subst anti al researgEsPARCMOR DEVELOPMENTE! the | ast
decade toward devel opi ng new sol ution processabl e

[002) eThisl ipvéntionovasimederal least én part,withsUnitrd States governmental

e -
supph R DEREDP USRS B el lyS, PRPYER SRy, The
UreedicStatesi Govarament haz dertaily rigiets ibthis ineentionel oprrent  of -
new sol uti on-processable materials but also by 25 new
devi ce geonetries, techniques for high resolution,
dense patterning of |arge substrate areas, and high

t hr oughput DfOCGSSBMIGGROWID@FIWMION e with
| asti c substrates. is expected that the conti

[00R), e Sipsiecthe fipst %@W"ﬁﬁ@@?’? af %P"@S% APAYRES 5%!?%%‘%‘1‘1‘31 9%4 a great
de%.ﬂgf |Efél?éé(}cff%"s'b‘é@n %B@ﬁsat‘&e%logh@pt ﬁé\ﬁ %ﬂisb?&f efe%ir@nic%ystems

ener new cl as I exi bl e int egr at ed
coeimrstngdtaxtblej mtegreted eéq@rmdmsm plasticsutstptesd)(Gamier, F.,

t
Hafpdh, Foxdsiak ﬂﬂ’ﬂ'?’r’i‘@%{a"gd aﬁ?LZ‘é }‘Z&L%?%eog;%b@ 84" T686]
Sdb%fér{l@l @@Egrctﬁlrfat%tbeehhﬁrem;dm i) Iasmmgem?mfdevelopmg new
astic substrates provides rm t
oo suscasEsbledu R ConcoRssaledih ot sTREOPUHIES slements
fopﬁéﬁ&é BB tyﬁ% ?ﬁ%&é@@ctr@ﬂnc%‘&ﬁ;@g ‘Pfog‘f%@ the el RXMble electronics

Second erent Page
is not only driven by the development of new solut|on processable materials but also by

new device geometries, techniques for high resolution, dense patterning of large
substrate areas, and high throughput processing strategies compatible with plastic
substrates. It is expected that the continued development of new materials, device
configurations and fabrication methods wil play an essential role in the rapidly emerging
new class of flexible integrated electronic devices, systems and circuits.

[004] . Interestin 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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WO 2008/ 143635PCT/ US2007/ 022959 flexibility and

deformability of plastic substrate materials allows

Mese materials to be integrated into useful shapes,

‘;f%(g %ﬁ 0r's and configurations not possi bl epdre07/022959
tie

éé?éﬂméﬁuh? bt ﬁla§tld SsHiraeRmete raleaiowsthesgimatarass to be
For "exanpl e, device fabrication on flexible, shapeable

mt@GfalQﬁlm@elﬂﬁ%UISéap'P%sf@mtf@tﬂi§@ﬂ§t¢@§“%§“%§t’EQWPﬁ?' legvith
coﬁ\@gpﬁixlaogﬁtgeasc’ ﬁ?oq'nf bésslf ona‘%étca a%é\ﬁé’ %rté%inﬁ% device fabrication on

unc I'es, Suc
flediblec tshaxmableomt%r barmbtdxblestcmmbstram halsepogmtat tocenable a class of

furncBaaRieyicas hAYGLp i IaTARG erchiota) PoBanied, siiad Shpizanic paper,
we'é dbie l:b!mgﬁL tlé Blgresl8¥hsdts ARG ‘Pﬁﬂﬁ ﬁés@lﬂﬂér’n G%ph&@ that are not

aStI C str es has pOt enti al | ow cost
feasm‘msmgaastahupmmmn-baﬁecmghmql@me%pE@a"sp elrclienicipvice

ook i PSS P o5 6 00 08 @l

impleA@ntaionans h?hrs@béd prodeissiagitechniqueseswdhogs printing, capable of
commer ci al | easi bl e Iatfor for flexible

asserablingeipeloni¢ H%V'S%%%% %{ﬁaslu BYALACh of flexible

el ectronic deV|ces exhi biting good el ectronic

[OﬂBir f DESBHIRE Sorfsiitrahie @fotivation &sesvelsp adomerercililly feasible platform for
ni ficant technical challenges., First, convention

flemb e elgetvaniesy e designasd ﬁbrﬁgmrh@f flaxitle gfegprggzp deyices, e{@bltmg
go§m e!e%‘?rﬁg*&ap%%rrﬁ%ﬁéé Ec?rmnﬁﬁg?dgfé%énfée ﬁu:’nBEPGth?émﬁéa?\t Yégd}'nhncal

st c na tradi tional
chqﬂefrlgetsy First cgaventiosahwelbdeietepad methoda ehmaking.single srystalline

sigaRBeSEbEspaC driest gis Bapmpalib Int iR plesye atarpls: For
exaple, tiadi®nal higle GUSIRR indignic ZerhROAddstor Mp@&ints lss¢h as single
t hat si [?nl ficantly exceed the nel ti ng or deco

crstS&aﬂu"eer sileRneey QMBI BeMiBoNdyHat, At Yaisaly BOCESSHK S5y 9’°W'"9 thin
oS ey RO o) Ry ottt mlig
demompdsmbm tampbemtwes oft inost maﬂleniaquwbskﬁatﬁg imaeddition, many

5 SSRGS ot ot
allgR\i6t songtibri hrssledprecessmpadriddativent PSéomde althoeightamarphous silicon,
processi ng and jnt egratl on.into c, substr

oA 61 Rt TR JRPTRB IO SSIGACUEOLE i PSS ARC dgat are
coﬁmzﬁﬂ ;Eglr?m@ﬂeﬁfb@\’éiﬂlte' ﬂaéésﬁﬁ@%@ln?ébréﬁdfﬁhﬁi ;blaélﬁ: substrates,

uctor based systens. Accordingly,
theser matenialscdo aot eemé:ﬂtelentrqnm@mpeé@sma@afawq mentlonal smgle

ool RSP e BB ol S eFoiafe of cectoic
devieat aeattesm thebevalteesativésemicarslulctor ofatefiads & less than current state
o e Bl e oo Bidc sy S Tt 15 labins,
fleRi%Té SELREHE sys'ié'ﬁ@ afe pké%%ntlﬁ‘ nmea el éf&ltﬂ%' SpPREAtNE Mot requmng

active matrix flat panel displays non- enj ssi
high pesfermande sud1|a§msegmsmtph|gg @lerents for[a@:pve matrix flat panel displays

il E RSl e ki ahd iR B BIIRRET 00 D1 2% Pt er s

i n devel opi ng connerC|aIIy feasi ble flexible
[Oeﬁ]ecMammeiecsimm aaapidiy expasdinggrea phtesgnelegy which has

o8 5P LI 5 % i BB B0 o

. syStehityandproceseiey siratbgie8. TWOfield of macroelectronics relates to

2008/ 143635PCT1US 0071022959
microelectronic systems wherein microelectronic devices and device arrays are
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di stributed and integrated on | arge area substrates
significantly exceedi ng the physical dinensions of
conventional sem conductor wafers. A nunber of

r J 3 tronic products have been successf Udwusaon7/022059
SR S5 A B B i v
dindérsdrayofcpavemntionabsamicerdunterwiferss Aaumpet giomaerpelectroric
R
flag[?é/rié? BRspiroGudsoThé iﬁagorﬂi( BEthese difsphfy éyﬁg@n‘s eompEE amorphous

met er s “squar ed have been achieved. Qther
or palyctystadinersdicon thindilm draesistor asays aptemed onlg figid glass substrates.

R e

métbisssduarddihavehagen achievedt iOthedmacioeleatrooic products in development
. integrate flexible substrates and devic
NG Ae AR YQUBICCARIGS REAYGy Lo G B eaens Ot A B T ERhiPIBSy.

device functionality, such as enhanced ruggedness,
[00TC hpRbgiEd corsiidrablbiprograselintpisdiid, thérg.is Eontimdidd esctivation to
this need, a nunber materi al strategles for flexib

. ) | e
intagiate Bexle suhpicatey 30d ABVIG StrHEIUFRST,MBEIORISCHARIC S¥gfems so as to

3 ) B ARG LGNl Ty D) oty
and| bentlabilityc ST ceantiragmothisaeed, armumjzenincatedatistrategias: for flexible

hybri d technqgl ogy. [ n addition, subst J.
maQIORlaevatc PYSae e bt Ry pySHES it p/oBiE Ysfflconductor
thiR'fiftA ];Ql%%tgﬁtcfr @écrﬁ\]@m,shém)l-ﬁirte lantivagugaiole tased Igexibtecmectronics and
manuf act uri ng of macroel ectroni c systens, . . S. ,
organi@limggqﬁc_; g%gjcgpd,ucgq@yp@ig@;rg;hq] .biﬂ gﬁc*mlqr{eal%#agsqm desearch is
i r
oS SF0ERRpindhalh o grcosssd el
threLgbput@amddow evstmanufapiusiag of Mmasrmalediwnicystems ot her
functional electronic assenblies by versatile, |ow
008> th L@%Qgﬂg ﬁ??@s,?ﬂ 844 19145%25! %ﬁ?ﬁleg loR J‘Eh? o 9864 disclose a
0ds ‘and conposi'tions provide for the transfer,
higtsgekitfalyrication platton usirigeprirdablerseaficoriductes ielemenis ior anaking

oISapidonisen bR atiang cegeraand pi e tpdt bR hssembles by
vePdatid, W BoS1opd MbIRaRENtIAG tedhmues! dhediscidsedmethdds and
pattern 25 fidelirty over |arge subs}rate areas. T

compositiens arauidenion iheiranaiere apsATBRlY AREIQ5ABE dutegraon Pp%icfosized
o TR SR Bl B 8 Gln i anlor
sohitigh prietipg techuigeep pavidisg ggodrplace thenb acauratyh segistrasiontand pattern

ricBlity e P SEPRRIAE PestS: Mg dTkichpel RpBBER i dgpiditahPBrocessing
adVantages ekBblfrigthy istegmadbn bf Righiqualily seatigendutton sedtetials fabricated
substrate materials, 30including flexipble l‘i%‘i&!E% -
usingranvantianal highdemperatyie Proess! wﬁﬁlogﬁ&f‘gdp sultstiates Rgprinting
te%ﬁé@%sﬂ%i% ﬁgl)ﬁoesﬁﬁbﬁé}%ﬁg? RarrERI St attetatfrely IBite @iPBFAtures (<

roni c performance ch acteristics, such as device
about400 dégrees Galgiiis)icompatiblesitrea rangeofiseful subsirate gaterials,

.and on/a ratl os er, tf | i
indiing feSile ABeCHARlRRR: Pl vif fim 3RS leohtaRaTihg
prit@dbié %éﬁ%g&?ﬂibkm%?iﬁgmegodﬁilebﬁom bégblma_nce ch?racteristics,
appreci ated fromt foregoing that a gxi sts r..
susB s cleyicaTiekbRieR; Mohiljes YT HaBgoReg LI 8¢and oriatfratios
| Inn®? ' tdimagend.cul arly,
gr?%%t?%&?@o@ﬁ%’?ﬁo%?%&@?@%&% are needed t hat
are capabl e of high-throughput and | ow cost
i mpl ementation. Further, there is currently a need for
5 macroel ectroni c systens paggly ¢figiy good el ectronic
devi ce performance and enhanced nechani cal

functionality such as flexibility, shapeability,
bendabil ity and/or stretchability.
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SUMMARY OF THE I NVENTION [10] The present invention
provi des optical devices and systens fabricated, at
| east 10in part, via printing-based assenbly and

ration of printable functional materialg d9o22950

inte
[oomgi %WC e%;gﬁ ?i%eﬁﬁjféﬁﬂlgéﬁﬁegd’lﬁ? £ A GR B XIRES IRN hfethdds of

ecl I nvention prOVIdeS
maklngHargerarea inegraest eiactronm?g includting sacraeteatipsicesystems. In

parthlBy SRR PR aPOS Ll osB KoEr S fardltPofd¥hre papatig of -

thrb@g?ﬁﬁlt ahg ow BbstimpRIMaNtatNG eFIREM tHeee iy curientiy a\needsfor
ical 15 systens of the present |nvent|o$ conpr 8
mqﬁroem@mn& SYSIAMS AAMBINNG @Qﬂq%lequrgc deYicR Paren e@" enhanced

i

VP b S Sestabr i
printing techni ques that exhibit performance
characteristics and functionality conparable to single

crystalline senmic abri cat ed
usi ng conventi onawmgﬁ!i ﬁgtmc‘é‘sy ng
[0109t hopise preBéhtdalertivatprordéoptical Hevipsscarahsysterie fatirioated, at least
have devi ce geomat ries and confi ur tio ﬂ as |
in Pt 14 BURtNGsDaseR AssRERlY aneiSlearalon ol pantable, BinGHipral materials
anﬁ@?'s de&@ﬁﬁéﬁd@{cé&r A didlicd éﬁﬁp@{éh\t’é dip spetifib @tbodiments

evi ce nctionalities. Optical systens of
thet presentaseartionmprevideslight eoliting sustemse ight salleming systems, light

seﬁ%gﬁéyﬁtgég a&d&;\g’?q\%gg@'}%g emqs ;fr) ng@?(rﬁhfél@'seﬁﬁ&nductor

eleﬁh&ﬂ@&bﬂ:wdmg large 1afed, thighi d)erfqmmndé maciﬁelecttrmm:dm&nctest yOptical
| systens, of the resent ention i

SYRBTEVR NG HesPELavamnGaTIRE B BrntARe BrbfFPptiehEthtaining structures
(e. g d@Yuﬁbe'lé’é@h 6h&ué¥or°éle§n€ﬁls) b5§ErAblad PSrighAize8 andr integrated with

ition to eV|ces and devi ce arrag rOVIded on
otifelr heivise comploapetsbiia partingdechniqeesciha em@ha@.ﬁfmma@ge characteristics

ool AT T e BB oA aP B es
fat‘frmatemksmgycam.telnuaﬂ\aliygn lemperatureepocessing methadsa  Optical systems
of g esthymenion gve dedne sPmmg sk rERbealion L kB ag oy

facdSrs2forRpater dRhsifies ra&ﬂsd‘o%pdi'ﬁhhg@sm&sg accéﬁsédib?lmhtmg that
l'ayer or stanp). I'n specific_ e

pravide arangeef uselu deviea fwmonelléle& hPghcal ﬁvﬁe@ﬁ;ﬂ?fhe IP'SﬁP"t
mv‘ﬂeﬂﬁén r%ﬁfdeccfévﬁéégcaﬂdadd‘vﬂferﬁrf% iR utg@né‘rﬁr@@% u@éfuh{:lﬁvélcal and

or nence opti stenms,” i nc ht em t
mecy\ahmalspropegﬂes lmuhlldmgflemgmtyysmaimbllity @pnfogrgabmy@nd/or

AT RO N i —

| de%é\é'r@l?g pi’rbmdéiﬁorﬁ)bmhoﬁ@trigﬁﬂ& $emﬁr¢gi®ahb§!mesmm hddition to

| arge area substrates, such as device substrates ag{
dewices aad devies ariaya evqvidas onfiexihle, shapesple anaior Stietchable substrates.
useful for fabrication applications requiri ng

[Oﬂ?t t ?ﬁ%‘ imtbritibn lafehBdideB bBlica ksbricalieh ang pRﬁie%@nhg isteps, methods

intable structures and/or thin filmlayers fo
andm@ten@la istrategiescdlioe makingoyntical Systrms @UQaStNEPHBd@ BAintinge

o FABBL PR PR PO ORI Lo £ BPASRAA Bhircvios,

suciaas e etdstembriv dhpsfentedeaed., elastomnss lgyérmg stamp). In specific

e ho?rglgr% tﬁg ﬁ'}oﬁip@g 'trggeérggg ggenq@bg%rg\qée lgﬁpdne&%&&ﬂpﬁp low cost
tabrithfies bfa‘tf@hﬁ f6r makifg R rAREE bf ﬁ.gwpéerofmme:@;sﬂcensymm dscluding

rovi de a number of advant ages over conventi onal
lightesmitiing systerps. dighbeoliecting YRS, lighk samsing systems and photovoltaic
integrate
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10 very high quality sem conductor materials, such as
single crystalline sem conductors and
serri conduct or - based el ectroni ¢ devi ces/ devi ce

n‘gm a&é , into optical systenms provided onpdiAf8&7/022959
sysf rﬁ I esélﬁgsﬁovn@é’d ¥ ;gfggéﬁt‘?nétHB&é fsaéo?@atl[ﬁlédm]th |arge area

Str con a confornation
substratas, sucthas pewse: substraxemtqr oricioeleeiraeic devisesAITay§ and Systems

an R A bRl A B 1B i, o

asp h@érﬁﬁg‘ﬁrnd@é&lé‘bﬁb&tﬁré‘s&éﬁmﬁlmqﬂmrlayére forgiectronicand electro -optic
presel ect ed h¥3| cal di nmensi ons and sha es that g&}/ F
devicess e Hiathads,ofithe pegsent BwentonsagOaPleme t?m tofoqvenfiona
mlérBfa%ng& éinbafmc{ SAn S atibA 8‘%&1’0%5 %d A l?éjé{@éﬁtl@@@ integrated into
present printing-based device
exlémg plwtbiitbographhoeltchmg anadhintfilm depositiandevice patterning strategies,

oy PR TR ek B B Rl SR B § g

of Q&\ﬂiﬁté{%@.' dvey C&Wéﬁtlbﬁélqébﬁda%bh lp‘t@fofmts Q’fdltaimg thednbility to integrate

purity and do @?etc t * g
veryi mgfeﬂ@aitty ﬁer@rﬁ:@nﬂ@%tprmagqs % iskeh ag S@gleV%tﬁ"B spEjeonductors
ané%%ﬁﬁcc%g?pgt'ﬁgBéﬁ&i]gle):tréméhe Ss/H é«%‘#:g@?énérﬁ& dRio optical systems
prawtﬂad orolargeaeacsubgtrates; pr@jymaséeM@a;Std)ﬁMasesmﬂd substrates having
[ﬂ%{atl for exanple via contact printing or
°°'§t8P %50’89 {Mat%%y, is conpatible with device
fabrication 25 over large areas, including areas

[om@]eatihancaspeet] ntﬁtgptdsenﬁnmﬂ&ncmewdés pntmeemmg medhiagls using high
starting mater

qualty bHi Shmipanduigiar walpLs g G Tuatanes YA PRGRSpeclo RiRYide large

yields @I@Qéﬁ%h@ﬁcto@léﬂ%ﬁfs witth pradeRe et physical d:mensnons and
sem tor processing and device assenbly

nmet
shppea/ihaemfambembye@tﬂentlyutwfan@@, assembled and y‘t?Wét%‘NOr Qptical

sy bt BT, Y81 2k Paoq BioFioes bl R ofFSehl Bmrigpiedetevice

fabricktion atetitbdsris that thexprrtablerdeeicaridudtor ietaraents refain dasirable

leg "Eﬁ? pigé%ygs t;pilggggo%qlgg ,aH] Fp@lrpggi‘t%{gnﬁ%gﬁ}ﬁg Eﬁéﬁ)@f&h bulk wafer
sta‘iﬁr’i@ ﬁf&@iﬁ(@é WdRity, Puity ARodomihg étoa)l whike Nmmig?dfferent mechanical

di scarded duri ng processi ng, thereby pro

pramestienis tolpnbily obtratohaally Blcar e Lo useTL Joraideh apRliations such

= IR BT RTS8 ot Pgitased sssemby and infgration, o

expnmkaema contaehpmrunngmrcswltdles pmiptmg;aﬂs ceppatinie withrdevicefalrication

d
o BE Pl AP BROCHELS b AL i B ghs o et ware
starfiRg AesHaY., TRRSRPRLESt the Pmnmdemm’ i9 lpanmumglya:ttembtwe for
using contact printing. |n an enbodi ment of

apaligations in macroplaotioniss. ushetidhe present %%we%‘%l&ﬁm Rgocessing and
de@?@%@s@@hly%&améﬁ b?d(})ld'@‘f?o‘? VQQ SHEBANRG SRl tHlQerﬁth@ starting

Vi ce substrate havi ng
sen&mdwctmg maierﬁaid@r mahdg erinfablessemisondisrterriementsdhat can be

asggrgb[%\gll ar@ g{? Qtrgg aﬁﬁ@“&ﬁ@?ﬁégwg gon&aé% E8mpbifents. This

aspeetyf 'tlﬁ@?relsanﬂhv@mtmds AEvantagbeusipscansé venydittenofahe thighsquahty
aspect o

the present invention co i S n.arra
SoEAATEYEHR AT SHEBG MRSeNR 48 WS e o TG AL G L6 %e<3ing, thereby
stfgbrichtidref sptieal systems.

p@f@ﬁg‘%ﬁ gﬁ]&. %'th?ﬁréﬁ eiﬁﬁébs‘%ggllomd enbodi nent sémeacrﬁof

the printable sem conductor el enents of the optical

system conpri ses a sem conductor structure having a

| ength selected fromthe range of 0.0001 mllinmeters

to 1000 mllineters, a w (hagesedf@8 ed fromthe range

of 0.0001 mllimeters to 1000 mllimeters and a

t hi ckness selected fromthe range of 0.00001

millinmeters to 3 15 mllineters. In an enbodi nent of
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sol ar cell, diode, p-n junctions, photovoltaic
systens, sem conductor-based sensor, |aser, transistor
and photodlode having a length selected fromthe

6‘% O 0001 mlIlimeters to 1000 m |l ”Etf‘(fﬁuszﬁo7/022959
o058, iy oo oo R o
primtamgeseuhc@mdnmeﬂblmemtsmecledmgtmmmme semiconducior-asegelectronic

enbo t, th t ab .
o R b AR RR o R S g come
priﬁtﬁkf qGh&fh érﬁl%ﬂutnbﬁt 6ﬂﬁ&%s<p@cp tHEZinvéntionrbwdes aeeﬁﬁbonductor-

i meters, and dth selected fromthe

basedaptival system en@de by g@nethoqi FABPEFIag the giers a{a |(‘5/1 8quJm9 a device

O

pr:ﬁﬁb@é@micémduﬂdrmiemamg@ruhe Peceiving bunfatecofshe sulistrate via contact

pngtg{g{,_,l:?e %r? %mﬁhﬁé{taﬁﬁé@%gﬁl ssl’/g{%%? pf) tﬁg{a&%&cﬁgﬁggp 488t vention

coﬁﬁbh%éé@l‘i Sfr§¥ oﬂé@n%oﬁﬁ&%tbr- eRicdevit ek op Metioe cbmwaem& aksembled
i et er [limeters. In an enbodi nment

onghe raceiing Wﬂ®&{dm§@bst@ﬂ%%@n&9ﬁﬁﬂn% In specmc embodlments
ea?rf g‘fmﬁ\gﬂgfﬁféb‘?é séfn déé&%tgr Ql%ie'ﬂﬁ & thd 'opﬁéﬁ %?st%ﬁ' Shgsiises a

range O I tete
semdohduetbestsuctpneehewag laylerigth setectedingrm |tlmaatar@ﬁs:>fao 0001 millimeters

o B 7o) S54GBS B o BRG FheS oo

mififfE&r8 %ﬁu@tﬁrckﬁé@@éléctée rf@m m@&aﬁgéSQﬂ”OCODJmOUI chitimeters to 3
structure having a sel ected fromthe range of
mitioeteranbmen err@oﬁunqr@mgnﬁ asere, Printatle samicondustopclemants

co{nﬁﬁsé ﬁggﬁ ngi;? &GW%F 8 ﬁcéé’séi@@t@g Tofd PHaSgr8s! cénsisting of LED,

omt e range of 35 10 hanoneters
solap céil &fiodd, prrojunctiéesy ehétoyditae systelns, semiconductor-based sensor,

2008/ 143635PCT/ 7/,022959
ISER AR A E G TG et o frofIRg ol e 0.0001
mumhfé@éﬂsw 1wodexilipseters, a widihaseleonid frbmahe edreget fo@i0001 millimeters
device. In an enbodlnent t he r|n abl e se
to AODRITISlerdnd & MAnGss selcRegiiar bieanas of o AN hffimeters to
3 rﬂﬁl{mélars'r ﬁP’anaenl\l?(g:ﬁﬁ\en tﬁ@bn%taﬁ!@'éemébrﬁﬁﬁﬁﬁ %lerﬁerﬁlcaﬁﬁnses a

ransi st or ot odi ode. I n an enbodi nent

sefigonduttabstuctore bmaﬂ@gﬂeselﬁeheﬂ(f@;n thenanoe 66 Q¢?emllhmeters to
aorBaahg T sdn LR ik 8 bozthukeasts 750

miltifiesérs pregerably fomssne applications duehgth setecteri inmre the range of 0.1
mngb%lt%gftcr) | 1Cm?llt|r;13tcetr ua{n% a Wit tg 's6 ec}/e% fs rom lﬁ'?et Parn%é o?%j1 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 millimeterto 10
millimeters. In an embodiment, the printable semiconductor element comprises a
semiconductor structure having a thickness selected from the range of 0.0003
millimeters to 0.3 millimeters, preferably for some applications a thickness selected
from the range of 0.002 millimeters 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 mAicrons, 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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structure. In an enbodi ment, the printable
sem conduct or el enent conprises the sem conduct or
structure integrated with at | east one el ectronic

)_(&gﬁﬁfnponent 10 sel ected fromthe group 1887109550
[0

Bbafptt, the Priftadfd éérﬁlcbﬁdﬁtor élé\m@ﬁf( )G&fare an electronic
‘cont act pad a sem conduct or

dembanm elcomponant @frmneleqtmuc dewee sy"s@remnbefimmt the printable

oo RERFUEE7 oRPLGT A G NG B 4 5BingBel o0, a e

a Rlarorlida penstrpd divdecaitransigtor ard @bbmedtosie Whan embddiment the

el ectrically conducti rid,or sh providing a .
priptable sqypiso tggerrejg@epg% gnsg;ﬁém fiqéc%g %g.g;lwp integrated

wiﬁcﬁ(}?é’é"srt oRE 'aQbitiBAalRieRAE sEféEtefasfﬁﬁﬂ’%é §dup Lo sisting 61 another
or integrating printable sem conductor el enents of
setrficondasioe structors; aotbeldclylcstranwfee rconductivetstriyetuse,iang, an optical

SR BT SRR B et Abt et

seRli¢dHdubir stGtuRd inteypatad twith’ Atéast Onk ldutdafc devite Odmndment
resent ogﬁl cal systens because it al]

sejestestiromit gmupaCO@s@f*ag Pt @nctlegrade, ailielecitc fayer, anoptieal coating,

a rﬁ@f& ?&‘i@%ﬁ aﬁcﬁa §S{¥‘f‘é"otn9%ot‘6F ERANRAT fdn %Qoﬂiﬁférﬁ itA8@System
ative t'o eac er ntact printing in t

funtiney comiprises antelentriclly ooedmningsgr@fﬁrmswovldaﬁyf glectrical contact

Ao B 0 DB e A g ety

coh@uéting grivosrgnsste peidirgpatdeastone, eledtrogledorcsaid spstemne
sen conduct or s, organl c sem conductors, carbon

BB Bk o S G S BB

prﬂPéHI@Bé}hlcbnéﬁ&W slemnf oihREspeinElage atyewm;féﬂmoe printing,
and assenb ri ntabl e sem conductor ele

mlpmggta@to@@amgn achpENtingg nggggramfebgr r@ﬂoglapgfp,eg prlntmg and self
asgs}nﬁw dé’s%lstt@d ubs r a@& ) ac?nﬁﬁ’ﬁqz@'l%%ﬁc@lrlﬁ% bf¥sBRCoptical

evi ce |ng I's al so
systemsabedaluse itidllbwa awsemblyaargientegratmsnf raepleralityd printable

selgﬂgqpcg@{egp%§ \égt%'(pglgﬁ t:eg 'gﬁgj %rgal ﬁxg% I%wg gﬁ ggéﬁ ofﬂe'?SContact

printiRg i hegredentin@nBby éls@édnable@ emmtrméfetp asw‘nbly and
attractive for specific applications,

integration f diversecslaraasof sMaletia/aapd stryﬁ%%%mw@feﬂaé%mmgucm
(eBENhaK gﬁﬁls"enﬁb@ﬁ:‘u‘bﬁ:‘r@%ﬁ@é’éﬂfstaﬂﬁﬁﬂ&ﬁﬁé@h@&&@%r@éhi@s
nt a:,gt printing assennl

;Jrl nt abl e sem conduct or
segticandugtars, Gasbaronaramatedalsfeds. ), alielegries, apdtaendggtors. Contact

oGRS Dt hon Rl AR g Bilo g

tra?lsﬂir and éé@e&@%fb@i&faﬁ@@mldsaaﬁétbﬂéléﬁﬁmsmsnmmed pesitions and
i mpl erent ed usi ng ran e of ubstrate rra eria

spatial astgntajions (5glgtn(q~,té>to Vifie CRIBPNRD %premaéﬁmed on a device
ugof?%r B printif |saa“|s@@6r}ﬁ5§ﬁbléwthlid Wikl rﬁn?ﬁ BEéubRtate types,

tact prlntlng r ansf er, assenb y and gratlon 0
incleging corvantionakrigiad onsemi-tigid @ubeﬁretes sueh as glasses £granics and

metg%.] ﬁﬁg ggggéa\%ﬁgg\gﬁ'gﬁﬂﬁccﬁ d el aﬁrﬂﬁ‘? H?Jg)%\’t eslp:{t{r%tlvﬁ%r specific

an@mcaﬂdn@gsmé flexiitslg lsabﬁtrateslrbemﬂablg subshatas, shapeable substrates,

coBlTEDIe eHBles A SR RS el oty OO Fpeeroly o

printaié E&hlc@%b@t@r sthlittiredSs 86mPhfsie OBRExdmplepwitih fw temperature
deV| ce capable of establishing conformal contact wt

presessingle. G ulesaithan arrequal tor288K9. Jbis %M&@W%ﬂher%?ﬁ@t optical
I n enbodi nents useful for sonme device fabrication
applications contact 10 printing is carried out using
an el astoneric stanp. Page 7 of 98
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[16] In an enbodi ment, the step of contact
printing-based assenbly of printable sem conductor
conprises the steps of: (i) providing a conformabl e
transfgr device having one or nore contact SEFRSRTH22950

s@ H§ rﬁﬁﬁ‘; tratdDpbRiars iAdluding those that
Syex%]erna %ﬂhl‘e ace ogg g nt a Iﬁe&' stem conduc'tor ¢
deedrepaset oradagrad!aeat:mgln amnpe:aums; such as mlm@r@@dmﬂﬁﬁubstrates

f h
Cobf B e TS ARG Aok iR bR B IS boneri
beéAUs@ap@an bé immeﬁ\@nte@ana v et anwmgmwmgmm printihgdechniques
el enent bonded to the contact surfa

and syatpmsnguaiLas midoell PW@IW%‘&’@Q?&%‘%‘P’@‘““QN&G‘P?% and systems.
Th? %?@ée?\tt iM8ntidiei rn?fdd@tng‘%\hS% eﬁ/ﬁbféﬂ?@é&%&r prithiRg RedHrriédneut using a

€ contact surface conformabl e transfer
confermasle ttansfeelopviae ssuchlasran elnstoprariiteanster dgvice capable of

duct I t L\
o< BN oL RSl Rl oAt senlptlo
eldreHtaClr Seibbdithepitd téehlilfer seme devide datnicatibreapplicationaiexhtact
to the contact surface and the receiving surface of

priptiRg goarriad aulnsingAelagiopIarcesdamBt apl i shi ng conf or mal
cont act bet ween the contact surface of the transfer

[oﬂﬂ ar@MbBdindif, theis 'c%n%eﬁﬁbﬁﬁfwisasvd £sembiyt dirintable

e receliving surface. In sone enbodi nents, 25 the
sepncqmldabﬂoe cemmleemtma@ms ofi dveraviding arsonfrsmablettianster device

5% T s SO Rl ST A pevoon

ex?lmziléwﬁaéog of thei pirirtaﬁl@seraloeadactanellemkabd }t}emorﬁm _surface of the
evi ce substra ast marlctr sfer .deyi.
cogipumable IEATSIAT Sidice) Sheetn G | BotpBllngs i fiiGBe

seff @%c@?@lén@é’rﬂﬁémé Sortscdisutfaéd) GiprEBNTERAIN mmm@met he
ITity of these devices to establish

SeqrndsLtoReiame Dondied he OB SMRRE 810 BedRERIving suiface of the
de(rf&g ﬁsgt?étgl Er%je 3&'/2 é@éaﬁ% ?fg{tejgrﬁgé]b & %éﬁ?&ﬁd@&gr biehRinPahd the

sur aces of Opt i cal rrBonents
cohtadt slaeadf tpe confabrhable dnansfen dawcerthat&byrdsae tngithe printable

ol P B BRHE T SO Bl e some

enfSoMAbNtB! Pl A6 of dentadipghhe paﬁtabm smmaomm@ug elememt brinded to the
ricatin

copiaghsaae @ hageCaINBs SUBRACTe Ry BaGHPBISIa e MRy gptablishing

'&M%éﬂ}h%’%‘ﬁ ?@é/ hawflg th
coﬁuncgl ona#}t y ef ul plrtél(ﬁtggg ggﬁeg%ﬁg%gtaggégl gme%t se
printatiieisemicoaductonelemieot(skanghihet recelving\spiface.oln $aemh embodiments,

tng Bl SERBOGHAIALY bt B o Rt sffactChBrolghRinfo contact

wifFPAR SaMEiVE aidor @Bdamig%ﬁyéemovmwm the secdivingseijadecto facilitate
of the present i nvention, the

' | . .
reloase aoA agERTPY B HevEEs Spbplle. Vg at%%mﬁ%? fapster devices,
such @s%@é%&ﬁépﬁgéisf&%&é}ﬁﬁse mbruo%gswamtahpts%dnamg Mé useful in

I nventi on rintab sem conduct or el enent

soowmethods gives thg |adilityt qfstham dﬁ\@cgsem establishconformakeqriact with
o BBl AAThE AT AR oRbfPAUARS anc

intetridl eidacss mmrwsmgtrsmmwdmcaIWMm\entso ni c,
optical and opto-electronic 10 devi ces, device

[oi,&"p&}pm Pri anglqoé&rﬁ%ﬁ}a@é&&u@%?ﬁnaﬁe%m&ﬁtéﬂgﬁsgh‘?c%ndﬁ%?-based
eléﬁtfb?ﬁséé\f&s?d&n@wmté i Afibadiivents ofithis aspéctipradides the
Vi a rlnthna% In certai n enbodi nent, r|n

capahlecas iniagrdpg & range ehigh quahtvpﬁeéym g?ﬂki?%%!s for fabricating
conprise functional electronic devices or device
conponents, such as p-n | Pagei®efs98 sem conduct or
di odes, light emtting di odes, sem conductor | asers
(e.g., 15 Vertical-Cavity Surface-Emtting Lasers
(VCSEL) ), and/or photovoltaic cells. [18] In an
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[19] Optical systens of this aspect of the present
invention may optionally conprise a variety of
addi ti onal device elenents including, but not limted
Wto 9@ i3§al conmponents, dielectric structurg3wyus2007/022959
optfgg(@& 31 %xﬁi@:ftiﬁgte%ai%nt gelies g%ﬁﬁorln?éh%san@fuﬁétfoﬁﬁﬁtv.r eseful
conmrecting structures, encapsulating structures, )
printhbleaehicorgiustaor etdnoends inchides semicopductorelementssderived from high

nd/or,thin filmstructure nd _arra , :
qualfy emighaaletpr wale? shiGs rigcludng shicls¥ia@lint Setianductors,
pol§§5taIhe lsehiicoriuers) landtiopat isemidondubeEs. Clonpsystem ob the present
Oor "nore passive or active optical conponents sel ected

inventian, theeprintablp S@m@r\sbp@ elgment spMpkises g upfianydaorganic
serBBFaRSAM EREPH £ S/ Wi DsBRnEnioh MRgIRtRe

sevﬁfo}pflﬂ@?b@émht c@lhpigs&&!?) singlregﬂs?altim semioadgctor material. In
reflectors,, egui des " - plpes.), n I .
acdiion. dsg! pHnible S CaRdCRT SthERre g BRSTek tod Pardtilty Sfteorating
priftaBie! i8Rlured BompPhEing SEMILORBOEST eldBroME, ?lidékﬁndm&el@tronic

optical conponents are spatially aligned with respect .
devicesideviea soMpeaents andéorsenieansiustos rferesteueirgs, such as hybrid
(O
el g el SRt hsated n
sulsgitzite vial printingrh certaim embodiment orindakle semicaindueter elements of the

conponent s i ncl udi,ng,. but not Limt. .
resdbBamonastarse Lo s 98Skeryt BbUes bhagie¥iortipdtients; such as
p-ri ph&t'id‘n%f‘ BERIcONdBHEFHIOAEE Jight erittirdj dibdesisemiconductor lasers (e.g.,

el ectro-optical el enents. Printed-based asserrol y
Vertisal:Gauity SutasscRmiting hasars(UGSELY. apdIot PRRYOIHA 5els:

el ements and additional device conponents, in addition
[th‘ieaﬁlsﬁ{‘@rhﬁo@i%rft,%é gpﬁfabfé{]’sé}ﬁicéﬁtﬁﬁ;@?rf&'&héht@%@é assembled on said

nments by variety techni ques we known in the
defice isubstfateisucto thad theygenesate 5i multilayenstruntare s said roeiing

to. optical, photoli r i1 '
sufges, B ey dppldfiepl 1o SRR e BRI fbofuré BonBHSS
mé}ﬂﬁﬁi&hﬁj—@tﬁckéﬁ Stliﬁalccé"?yall adepridiment, fos puamplei, the print?jble
eposition etc.), soft |ithogra , in . coating an
semisBRuse Semsnae iar sl PapaRsreRitaRg e,
assenbly provides a very high degree of control over
[ofd)e ROpdt aystéindri #hio ASpect BPtHR! fresertemiintive neayadptiahally comprise
orientation and organi zation, .dopjing 1

| eyel s an
a vesieBrofadgitional deviest elementsringliigingcbudol ot & GwHcal components,
die%t?ﬁ?%@ct@r%??@gﬂo‘?{éti@é‘&rﬁd%@ I 8drfsivenhfers B sRUGERI! connecting
optical systens. |In an enbodi nent, printable )
straetoes; edcapsuiatisgstrentuses; plartaszingtstrugtures; slesiiogpiic elements

oy.i.d op t.he recgel Vi h ;
ana[o(r Xpng%@g ﬁEthyreg aqqy@%;ﬁlﬁ%s%%?&cﬁrg%n ﬁg&ﬁ’?ﬁ}%&k‘?‘ent, for
exafpies aRGptitalsysleanenthe pisecht inveafien aihgr Eompseseseone or more
enbodi ments a density equal to ?r greater than 50 - collecti
Pagaiie ebaetiverantical @@ﬁr@ngﬁﬁeﬁ?m&@ "RRLING /PR GYISSting,of: collecting
orfST SRRy e HARRE S8 SbeReCipugt gl ienrand arays
thevebi) tinses and ainayp theteelb iusensi ileatoss, &iragy eafiestoss, gyaveguides

CopHEaPRL) Bl GHELEHRSE (€, LR B RSk ifinve costngs)

In Qﬁhbmddjméllm, hetivei dndvbrrpaissive opticallcodipoaapis@ie spatially aligned
than or equal to 2000 nanongters, a i N, ,Sone .

Wil a5RAGHh AL CRLEY e BN BHIRAeTEoBHS HeEISTER S RLovigd on the

de@{ee %UBEt'?'cﬂ?. @Aﬂi@gl $Rms 6ARIs dpett aithe ppesint Pivendromay optionally
el ement of the optical systemhas at [east one

compaise as@dietyefaddiions] devicararapeiants neluging, RULRotdigted to,
| ess than or equal to 100 m crons, preferably for sone
applications |less than orpgge8loftes 10 m crons, and
preferably for sonme applications |ess than or equal to
1 mcrons. In another enbodi ment, the positions of the
printabl e sem conductor elenents in the optical system
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30 exanple, optical systens wherein printable
sem conduct or el enents extend |l engths that are
parallel to within 3 degrees of each other. In another

| t, the optical systemfurther conmpryc§igdoor/n22959
el‘f@ . 88&”9!e§L ! RRERIGH AhE RROHRA JIEHBNNS! Plinted-
er ein nta

) e sem conductor el enents
bastdeagsemblyerny ibealsed cbmtassﬁmbw ahd integratesadditienab tlevipe elements and

o GRS ot bRl o EIEGE Foos
addifiéhHl ALY Lafiet) 7 {2AR”EEs b@ll\kﬁawmimmefﬂdld?bf mittbelectronics,

second el ectrodes greater than or equal .to

InCioRTGANADPY M6 t5 80l BDAIDRGE LY AFPOSHOD 1SFIGHSS (2.0.,
chérﬁ@?l %6? d{a @Jon&rgﬁ%ﬁéﬁ%ﬁg& débb%ﬁ%roé‘to%@ ENGéptiRion, sputtering

systens rising print e semc nductor
depdsitionndte. ), asofiditiyegiapiny, spincoatieg and Jasgo ablafiom palterning.
confi gurat| on. Use of a 5 |low density configuration

f f
o, BRSO3 i e B o
i et ey e poti o,
sem condu
levels ATFAlBEIS IS Ohhe PrisEbIaSATIG o et %S§embl%d and
mt{#ﬁ#égriré@lfﬁg PT’Jh%t é{éﬁcaﬁ%y%g&ﬂé' fn &P bbBbImerit 5ﬁrﬁ§éﬁlé 88iniconductor

nments nore than 50% opti cal
eletnem;pfahe optical sysStegeareqrovided o thentperivingsugface of the substrate

AT B B b A SR LS v Sy o

somb ehfbsodiriénts faadensity ehual td engidayeraham b0 semigondester elearents mm’’
1000 semnm conductor el enen '

feraply f
e SR IR g 166
semfBhd nglu%%ﬁ{enﬁé BRENLIR dRBther efbddimerR, Pegrintad YerRbnductor

Some e Iments a density equal to or |less than 50 15
elemanits ol the oplicalsystesmbavenatlaast one dongitwdivgl plysicabfimansion (e.g.,

5680 5P oA BB B s 38 o el o

2000 venorhetess, tdndrin someamebodirnerit8 Jessfthah er equality 5A@ nanometers. In

f f the t bst r at t '
an et s S el TS B e BREh S A B8 s
leasE8fe Ed36-sBEtGHAY Bh)[/éléhl QimMéfsidr(e3g ahidRhessiizedithansrs eqdae to 100

optical systemfurther conprising first and second

migrbag,tprefeeably fassomedapplicatians esssthan og egualita d8, m'ﬁk?é\se??fj
préfgapiibr i BopREERR ISRy & edlRffch RiiEiohS. i Afdiherce!
emmbdmmm thi epopmons abthe psrmtat:b@aemmodu@beelemegtqdndm aptical system
f ac bet wee first secaon ectrodes
relplyietorsReh Sther aupapiertsote Wil 1DPIBERN S < one
enbodi nents | ess than or equal to 5% 25 [023] The
[0271] esPivitable\enticeductu? lelatheents pridyczd amﬂtﬂed; nmsaiqemed; prigntations

wilh e aRAChIRAGh RIBoEOr g IAca TRl serd sy ihs.of the present
mvkaﬂgéﬂJ Oiinih &hBéél Psdri"n?étffé serRRbMABtoSeleMment ¢F the bptidal eystem

trates, substrat es, ceram c substrates,
are/\bﬁelucmaj ahgaedew;th sespechiarashiatherubhe grasent igyertiondpelydes, for

oL AL S EP 4B e s v

aresparalieldo Wittlti @dégﬁeyzs of bagteatbiet.i Iryancsmereammdmbnt the optical

syggll%zfgg cal ru&g}qg{l] eszg’ncfjl gg@%ﬁélc t%%gql e heartgpeiving surface,
wheYeih Hisprititable %eﬁf&ﬁﬂﬁbtdr RIRSrito BreciraNdtael bbmm:ﬁxblﬂe at least one
sem conductor el enents assenbl ed and i ntegrated onto

a
of the\aleatrosigBsanchwhesginfhetpristakie spmicopdyetere Hw&n@ﬁb'@e a fill factor

In sonme enbodi nent, optical systens of the present
i nvention conprise Page 10 of 98
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Page 11 of 98 WO 2008/ 143635PCT/ US2007/ 022959
pri ntabl e sem conductor el enents assenbl ed and
integrated onto a device substrate having a sel ected

/aII functionality, such as a device Supéf/ﬁﬂ)&/omw
bé}s@éﬁ? op t{e’&ﬁpd Coa?roé‘éé Gﬁé’até?‘?lt\éri:@ ecgla” QPYYB %, preferably for

series o

soﬂ@émbg&mems @qial tabd lgrger mmpﬁo%nt substrate
optional Iy having one or nore optical coatings such as

wg%ir:trbsr‘%té%ger%éﬁ?’gg‘ %’F%‘ﬁ‘iﬁg il S S C%}fﬁé@%fg pirtable

sehfiGHHUCRR efetdNits afraRgédinedlow Gersity wr@patsy) cehfigmration. Use of a
assenbl ed and integrated onto a device substrate

low slenaity eondightation das bepelitsifersome applicatians; @s dhe gmount of
se?rﬂﬁééﬁﬁ%t r%‘@drﬁ%dﬁHEﬁ e{i | ﬁ%ggﬁ Xh(E GRic¥bEldg Bidr268ts. aln these

sSurtTace, a sur'face or receil ving
co&mﬂgtﬂratxend; sem@Mucbnplemerwmagme arrangelont & subsiate so that the

S an 0 co vex re 'ons. 24 i,cal t. .
cgety ASegmRandie s RE e oy Sapioten Aipe sy maS Gpriaty
tramébﬁreﬁﬂ C,fl'é’t‘ékdw fon @oh@@ﬁﬁod:mbﬁﬁaﬁbr@ tAgNn Ba%ﬁdiascal transparent at
| am nating | ayers, cover |ayers and/or bondin

SelarieaaVRIEnain, I3 abORKRRTABTHaLIP B9ECandEloR Bleraaig of the
odrt)l%ﬁyggeg‘f eeé:‘ooﬂe#i %ﬁ%ﬁ tr&{«)eln;i’r?gguﬁ&e Yé §ul§§i?été’ﬁnth a density

em con uctor el enents or
equahterorlésshhan déOO sspmdelstor elepremis ohen”& pinefecadly for some

BB 5 B B GPRIGR A . e
mél‘éV;ﬁéferﬂébli/ froMeOsmbedifients 4 ayRsity otiidl focorNesethdadoi n a

conf |q%urat| on so as,to nmechani cal | &tl cal I J
seatigenductos elements @ ondeén &!emd}f@ee%%h efﬂsgna ods and systems

a@%ﬂécﬁf ?sls‘gf{gg %&ﬁsé’ E@rﬁfﬁ“u’ratfb?\%‘ ﬁ@'seﬁﬂ&%rﬁiﬂ‘étor elements cover less

ncapsu ayers, lam nating | ayers, coveri ng
thampeegyal pd 40%: df2he cedeivjng syrfave Qirtheataﬂgmmgnbsﬁg't@r in angyher

e Y R AFBES 0 Sl om R B r e

0. :I%m In &hbm@r bﬂmgdﬁnerlﬁorhe rdpﬂcallsqsien}sturlhblampuslm@ first and second
ayers, nding | a pref er af .| east.
elgiadeaIrSviRH P A8 o MRS GRS P AR " Blatie Siiconductor

el%iééﬁt%”&?e ﬂ'ﬂé’leéﬁi@bl‘ Cortdc With &t Idd2€oRs BFPBlelédhoIBE] &t wherein the
encapsul ating layers, lamnating |ayers

priptabie semicegducipeelementspiovidg a filliagtor hatvesn thefitst Aagd second

el%)cgf’oagé Ijé@'tprél? gf §H@%| ité ﬁgg)? e;?rgferﬁ?%r | %meﬁodl&%ﬁ&%hé fhan or

equal ©r3%l s or prepolymer materials. In an errbodl ment ,
printabl e sem conductor el enents are bonded or

(0831 e Hipsai el cfigleS Gplica sy el Gy Hriusirtatle®
se?:ﬂa@mmwmaﬁemls agBahbleti@nkliste féﬁ@d Bhtot falmlgéém essfubsubstrate
net al é r prow ded between t

ta
mg@ﬂa@om inSrOlesSsHbFiTatasn RO MET pubst ' ! rsgass@ qupsleates, metal
su%hir&te@r@éfh@l%jsdﬁs?ra@% @Q\‘lﬁ%‘uﬁ ratdy, eéndoé&?gpdiﬂg SOBLRBE. Substrates

e printable sem conduct or e ements and the receiVving
usiefuf én thecpregennoptlpalc&yst@m ibglude thosierhavingruseful mechanical and/or

PHREAFoReR 3ugh B LBRANE sPohs D HeRROR Mechdficll
rub?éfﬁ ess lahdidpticaldhespaentpatselecedmiavklengthiss Inegomie embodiments,
SO serve to establ i sh

opligaksysiemssainhe Presant W@ggﬁggomlgris?ef pr?n%ablgvgemiconductor 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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el ectrical contact to the printable sem conductor
el ement during printing-based assenbly and
integration. [025] In sone enbodi nents, the

osi-tion and thickness of an encapsul at i Nrs2007/022950
%&E d n@ﬁ%to? lofiPREritE hESerhd S%nb%@@'a%“d &ﬂo% Yicelstbstrate

e sem conductor 5 el emen such
ha\pmg atsehbcmmwﬂwtunohomw, such as a/dsvice substeate compnsmg alens,

o SRS OO B o A o ot

opﬁt‘iﬂ? ttaASpHrent sUbseARGPtIONAIY [ENGEPONE of D mtlcbmnatlags sgch as
er | s provided on top of assenbl egm%

reﬂg mogs or aglirefiestive Com*!&% iMSeRe e st ?atqmlaalcﬁvstems of
the b i ¥Sphes R%%E%Z*'é%@&’?ﬁ?'eé”“é’% P thoga

hese
integvbtedldmasievmatsubsﬂmjethamngra:emﬁumradwenganangiswiface suchasa

| am nati.ng | ayer conposition and.thickne ' [ -
condh esait o she S8R b SRR ARGS! & eiprica
sur?éde”érar%&vﬁﬁ Ehﬁﬁé@' Hﬁ\hﬁé a®oRiprert Soritésr wilthngbth @anhcdveeregions and

neutr al ani cal plane. Alternatively, the thickness

convex r®gigng’ s nodul us of the encapsul ating and/ or
| ami nating |ayer may be selected to result in the

[Oﬂz' nbgf?éq g?&@n‘ﬁam Ca{:@%ﬁﬁﬂ iRVEHoR rﬁaﬁfuﬁhagcdrﬁﬁrr s 1fe or more

utr ane. An advant age of
encﬂmlmmg ﬂ@lmtmmlzmdaws; laminalingdayers Loypkiagens and/or bonding

R B ORI haBl B gty Bl g rs

bogdl?g h@%fs flag ll%hrnrewae@ olt‘ntasp 01 prirdable lsemg:dmd?chonglements or other
ef or nati on. is e or a s
devien EPPERSTIS 19 RIpVista RITRGCRA SasBRBCAL LAy anf Hdgesinegs

En? t Jég‘ﬂs QanfidiRg 18RI, %ﬁér&ih(?QEYérB Ecalerihg fayersor bonding

I nduced strain sone

Iayersbmay rbernrevnd@qu & aenfigusationssacas torreeghanically, onticaliv awof
R4 e B s i st

syste@lal Brcapsilagnglaperssiaminatingslapérs seoviedog thyetsy pldnagizing layers,

L
or by taveemay soRRiee (Ayefiupt deposied (et B {deuffavers andror
mdldéPayer. ErcapSilaiig Fayéﬂégla@hlﬁéilﬁ‘)g Idyéirslcay(/%nng Iayers planarizing

macr oel ectroni ¢ di spl ay devi ces
layerss mraqwdlnwaWS%%r%ﬁ@@M aideass Pasﬁd'v eatlcaﬁ'yéﬁa@ﬁ%a%ﬂ‘ for some
op@é}ﬁ §t§ﬁ1%'qu é(}%b%@éﬁd?\@ d?rtﬁl?’br%%ehf IEVént%ﬁ”?Us'éﬂJl QRtAgsUating layers,
sténs I ncluding, optical sensors and sensor arrays,
larﬂahaumg)laqese plsaoaszmg iayers; lcaléringlayersrand/ardondingdayers may

coRgRES e B e e Bl ANPGRS By, apor

mat¥$dIS BF pRipoWintbrteatBA4lB. In thenmdirhemgpmabléIsghﬁconductor
sensi ng functl onality such as sheet scanners,

elements e b@ndqfi’eomih?ﬂf%%?e'ﬁfegfﬁ@érﬁ? mﬁw’eFﬂ'Ulf‘G&éméﬁ%??@;P”e or more of

thé:fm&ﬁf L ﬁfcé’l& q\fe?dl Q ﬁ%ese?ﬂfgbﬁ&%td)m&#lght@% B’@lte%mﬁgaétﬁface via a
dev ays and systens | ncluding solar

metall Ihyarpraméed betvmmdhe phiothbleesenaiconghcterglerseats @and the receiving

BB NS DR OB bRl 8 gy ot

cldheritedhadies receihcelagert be(iprovided ey araminatiayeénvapatlation or

| east two physica dlrretn ons .g.,.le tth’ wi dt h, dth
plafagizingdayes pr ‘ﬂ‘i“iq(ﬂ'ég%o tgggn g %‘"'8?"‘5‘% onfggments'and the
rec’el(j\rgﬁ% %535 el AR 1A 0SS Ak thl) s RYEr ClrCaISe Serveno @Btablish

for exanple, the present invention

provi des an optical system conprising an array of

solar cells, wherein each cell in the array has at

| east two physical dinensions (e.g., length, wdth,

di ameter or thickness) | esgd tRof @0 microns. In

anot her enbodi nent, for exanple, the present invention

provi des an optical 5 system conprising an array of
LEDs, wherein each LED in the array has a thickness
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[27] In another aspect, the present invention provides
a nethod for nmaking an optical system conprising the
steps: (i) providing a device substrate haV|ng a
receiving surface; and (ii) assenbling one YerRh607/022959

oot e e b SRR e Bl g

asg@ﬁ&y@hdthgmmnt abl e sem conductor el ements conprise
a sem conductor structure having a |l ength sel ected

f h f 001 mi
(o5 | I ived EMBadRpents, 168 fabustin ol Mikedngban erearsylsting
Iaﬁhhimq‘&gﬁéﬁaﬁzﬁh%@%r |Hlsb|e'cf§‘ti SUch taactha prihiablengssiconductor

sel ec fromthe range of 00001 mlljimeters to 3

© elemgnts,mchas. prnnteobfiﬁrélﬁew%rﬂewqeﬁ@nﬁ(qr euise gomponents,

as§?erﬂb %Ué:{i]é\ﬂc?g@dﬁl‘%&eﬁ {ﬁ cfogri?é} (f??)ﬁ‘tﬁé’ﬂﬁwél%echamcal plane.

dre having a | engt romthe range of
in Bn @éhbodinhéemtetoe example’ aﬂemdpsuhengeoslanamtm layetiiprovided on top
sel ect,ed fromthe range,of 0.0

of BSserties pribtat)s srurpamTE s eaefs WhereTihE brSuittingqn,

Iarﬁiﬁbﬁ"ﬁd ?ef ) bbﬁlpbéiﬂéﬁ ahdl t¥lckneds Isimiri tetHat bbthé devnce substrate
and a width selected fromthe ran

In thaseleszwgemé, maighing theeacappatingrans/er | @fBF‘a&ggrtave’ COmPOS't'O"
soB AR Erdod o TGS SR e Ve bl

sefnicomdubier ekengnt fesidimg héanmthe aeutral mechanidal planer Alternatively, the

. nbodi t, th ' bl d
igknaseiaseeycangsnednib el e aeaberai AT Ham B e ey be
se%@ie@ﬁb@ésﬁlf RAthé PAntaBrROeitoRIRETBIethemts M@diging near hedeutral

[limeters, preferably for soneagllcatlgns a

meqmamcﬁb@lgnge Aé@déantaeam pracepsing 8esho ¥iqe geRmmelries
wﬁe?elﬂ théféHlé Eérﬂﬁbﬁc‘éﬁct?ﬂ éleﬁ@n?sﬁe@fﬂ’@ %hmtneuir‘éﬁmechamcal plane of

e sem con or el enent conprises
the; éavm) isdthat siraus on theseralemanisrage mmmgedﬂwmgehﬂr@mq ¢rd:mformat|on.

R e N

defEintih@tish Ginsthér ddyradatiomsofsied devieel résultiitonhbendimg indated Strain.
nanoneters to 1000 m crons. [28] Useful contact

o, 1 SR SEr g St 5 BE e B 35k o

emitting YpacaIaytefis, %W@'b%@hoﬂrmlféd t80advinge@ligiatingf systediis, arrays
nanot ransf ér printing and sel f assenbl y assiste

of fightramitig dipdasoAERYS Of sRIiRGRACHI lasRss I(# 85 M4SELSlRASSYR Matrix

L

entittiag sfiazte) ddisplays, (eacgoeleetranic display devicaspandfiatpenel displays. In

sobt TR A obiaR 8RS o iRl B Hhed Boiefisig
opﬁ@&%&é@%ﬁsﬁﬁaﬁa{ngsé’&w SARPO anG semddr atrags) flelible sensors,
recei ving surface of the substrate, for exa
StaERaBI et BaTEBNA 5RRAR 24 Sa05T S| ) SRR FiBRedgtents.

opﬁiﬁél%g?t%ﬂ%céf thé FJ%%nan@éﬁﬁHn %ﬂVigEtdpﬂealfs‘}%S Hﬁpr@ﬂ&%'tﬁﬁh light

patternlngt evi ce substrate w t

enmttmgcanddnghésensmg:f@nctmnahtyesuctl as@heebscanngrs. r@pimhsysiems of the

ok B gt 5345 iy Pt sttt

deVviREP dMiesarrdysid syatems neludirepdolamceliraragsi trasome embodiments,
istration with the grl nt abl e seni

duct or
ORUFE FHERTS 1IN PHASERb AVBRITHEMRISE PIUTAIBER Ty r e LEDS,
pthdeFté‘iE lcgis %ﬁ%ﬁfo‘? asr € 'FABlodicHEa! hﬁ&éle@tr@-@bﬁ@dnélements

organi c semc ctor structure. In a nethod
hapmem teast twe nhysiea! dimensionsied| lengmidthaliameter @r sn@mess) less
conprises a single crystalline sem conductor nmaterial .
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10 [029] Optionally, nethods of the present invention
i nclude the step of providing a lamnating |ayer, such
as a polyner or elastonmer |ayer on top of at |east a
ortion of Ot he pri nt abl ensem c'%)wnducﬁt%?r el enﬂgﬂu%mmz”w
des an
tha Oﬁgﬁ Fq% Wrﬁép%ggp%%ﬁ?é(t h@r%r%esgnftl vention i ncl B?w
opticabsystemn comppisimgan a*raygofzﬁolalr@eﬂs vmqnexntelaoh cell intthe array has at

Ieag@@f&%%éai@%ggﬂgﬁé gg Iqe tgént asse pngﬁéqqlgiless than 200
dg‘|&§§‘ Oﬂsarféfg\ér@?nﬂﬁd?rﬁ@ﬁ}t for BXEM F)Ieo the prekerstanidition bivide¥ an optical

providing a p anar|2|n ayer to the recel ving
system fecaopriaing an aryayeoftidds, m@wemm |eé§§ LER ipdhe asay bas aﬁféckness

oo b} Mo RS R A 2O W frdlaf® R FER

|ncI ude the step of patternl ng one or nore electrical
[0279nt 36 BAothel aspea, dlae present inventiondsrovides atmethed éartmalking an

opticRLSYsteTCRBTRISkI e Siep: (L Ouciren ety Sufiala, flufia agpoeiving
surﬁlﬂeS afAg b %s%bﬁrﬁoﬁ 86MBte pmﬁlﬂbls@ﬁnédﬂmw etemefms eﬂ the

he ste asse and/or integratin eh
recawmg stuga@e aidhe &‘ébséféfﬂ)‘ﬂﬁ SARCHAHTSINDFWhgEa)) ach of the printable
se@t&ﬂp@u&b%leﬁx‘éﬁf&oﬁﬁnﬁ@e' §§émﬁ8w thictuib ef%)idb"é fength selected

nent s an ectrooptl onent s.
frorhthe mndengf 10000 rmalhmeegsm i m@Oamunmetensaa widihiselected from the

bR TRABR ol BB 3 Bt rom e

rarel?r0.00001 Adlfimeterd ﬁﬁbﬁhmmersl ne ndmisdirhent, metpnntable
M mted to, lithographic patterning

semwpndgcptgpﬂemt gwpr:sqqmggpggn%ctorﬁé&gﬁg ,h@wﬁg a Iength selected

frou‘n%? rl‘ér‘r?#éeéf b?)zlggrlhn@@ Evéb nﬁW?_te?é CGanlda Wﬁﬁﬁ&elé&bétﬁdﬁm the
ng, o ni ques g., replica

rarrgelcﬂl @1@2 mlmmehersdamﬂm;lhmeﬂefs psaferably for some applications a length

st Y| ORI SR A EAR G o o

rarigestt 08 HhillinRitensi tﬁg‘l milivhatdr] preferaily wrdsomd applieatibrsca Eength
used to generate élenble or_inte rate dev

selgelef dranihe aﬂﬁ%lohdu RYImeteRt 1ol oemg t€bh &thao‘?"gth selected from the
1 duct

rarf?gqgef‘ﬁ@gmg gé}cf}‘? U@ZOO?"?%ZG 5%15?3 a[nﬂ?bclxﬁmggt é?r%pgmable semiconductor

elefmant eamprises a seminepiduetor stiuaiarediaving:a thicknesy selggiedfraum the

SR80 R0 T 4 e e REAEIR sl A s

thi¢kme s seletrbl feors g mgdwmoozhamatess td 0. Qi?rmtlihmters Inan
enbodi nent, for S_use

e s SR B £l e
haﬁh§ faqé th seltdd ¥réth heé BIe1d0 Nartmhdtersted1080 microns, a width

e sem conduct or ements via contact prlntlng
selentedrfmnmthe range of ntﬂ@tnammet%f)séﬁm Q00 MicransAdea thickness selected

ol SAREHSE T BT O RE B, et oo e

el ectrical interconnects patterned on the device
[028]) bstUWskfel contany pentingwniethwids usetd irdtpis wect ¢ftth® gregsny invention

lnc&g%rfﬁygps' fg'r ggrelitag o gas@'&‘i’é&"@% énﬁ ﬁﬁngafn%rotransfer

or Aardtfdnsfe? privtiog and seiedssembblg measted nrmangf @ptlamily, methods of the
assenbly steps of printable sem ctor. e

pr@@ehmaenttqﬂ W“PW PhtaghRiRiNg as ime en ed H?@Q@o‘i?é{f]%'f“ab'e transfer
de{q@é uehHHPEIa BB ‘?}atr\%fe‘? d@%é Q@@ e‘l}ﬁté}héﬁb §tﬁm‘d1 gomposite

Vice substrate, optional in conbination wt
stamfziot laper)] Optionallys arnerablmqf edntabte saneicepduetar ﬂﬁmﬂ@ts are
deposi ti on and encapsul ation/ pl anari zi ng steps for :
integrating additional deggeei4lsf ggonponents, such as
el ectrode, interconnects, adhesive |layers, |am nation
| ayers, optical conponents and encapsul ati on or
pl anarizing | ayers.
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[32] In an enbodi ment, the nmethod of this aspect
further conprises the step of providing one or nore
optical conponents in optical communication or optica

i strat| on with the printable sem conduct /Uszg 7/022959
R

9 tg% Z%cpe%ﬁﬁ‘gyﬁcc%g& tﬁ?gugﬁﬁggﬁpé%@?% Geh&&or spares

configuratiom gOptidratiy, mdiheds of thisaspeict oSthecmesemmvenm further
and arraés t her eof Ien%es and a er eof

CoRPriFg. 46 Heb CbPIERRIBIING Be s CE LIPS LY B Ut iforppredgvice

ﬁ@ehéms Gitiofally, rneéth@d‘é bf\’tﬁas%abcm&hé’ predBhti ingéntidatfuriser
tings). For "exanple, nethods of the present

compmeamaaﬁem pEpyidiegane or maee optical pempergntsin eptisal di ng

coBflfbat LA Bl ATNETHS R SSlcopycycppene. i

méth8@ bt therpreserit ireveptiomtthd bﬂntabm semnidovedustoradlementtcomprises a
sone enbodi ment s, anotlcal tg& f thergrra
ethg ob

Uﬂitﬁa"wf&aalcl%ﬁ"ﬂﬁ‘%ﬂdé@%& UEUEe, 47 eREsH ehoR, the
prinfibié %}ﬁféﬁh&ct&' SBRBhEcorhpristsTPaRYIE cPyRaNRIsdrizbndidier material.

array optical conponents is fabricated V|arepl|ca
nol di ng; wherein the E"LIJ nt abl e seni conduct or el enent

[028]e a@pmlwdm@thoaism presgntdnyariion inglude tbestengf ijwdmg a

Iarg%iug@ m¥8f 'HPJSH %Q:aipééyrﬁclc&glé’&érggg %hf‘m b of a{t%st hﬁ)o?ﬂbn of the

priatatybs saa&opdmtodelegleotssassenmworethecrecesdmg siurface of the substrate.

15l rSEthods B8 roblerh BB LBLEB e 3D BRAEERG ot teast
oﬁi&@p@htn@ Bhnﬁblécédrﬁ‘id@‘idw@ ex@ﬁemscaseembledtmgmetrecbmng surface of
opti cal épeems using a conbi nati on of opti

the B@bﬁj@t%p onally; Bethiasls qﬁgbqaprggegtflmgg\tnowcluge the steps of: (i)
pr%\%ﬁé %ﬁﬁﬁé%ﬁ@ﬂy the ?&%%m?d‘%r%@oa?lé ('uP@mb@GdﬂH avRasta -

position, chem cal vapor deposition

podtiorpdfytbe pehtablepsamidendustari elementsin meomlaeanzemgal@uehe@ptlona"y.

5L BBl IVRETR, RS RS 1R o o sl

coiﬂta\‘ét?ete l@ledtrﬁd@@,tdoﬁmom pedsisebthbr électripalinieticormeoipstiuctres on at least
ystens on Iarge areas of a refﬁei ving surface of a

aBQfB%’P phihe. pfl’\‘?% BMSORFHEAE eIGEENER for making | arge

array optical systens, printable sem conductor
[03’d)]e MRAYtRodY 6F tﬁi’sfaébéabeQWe iéséhﬁﬂv@ﬁtldnhﬁrthmmﬂw the step of

substrate sel ected over t an 05 n2 to 10
asgemblirgand/atinteasatingene,of 'apres@#@ﬂth devige cempoawts opiathe
deQr‘r(T:% éﬁ)@ﬁ t{ean?cﬁ\e pré}lsc%ﬁgémngé onts &&ﬁ&odéﬁt@ﬂnﬂor electro-

urt er comrl se _
opsht@lpcouipqmeots d‘kssgnmnngand,@hHHeMetlng@ddltlo@al gice components in the

e e
faﬂ’)mfatlbﬁ 'féhrfﬁﬂh&% mbfﬂﬁmg' pet witfimiteddo pithagraphie patterning (e.g., optical
sem conduct or el enents. and ot her devi ce E@Er};% A? D,
ithagsaptuaed Goth fthegraphyls dpositien gheiaugs ¢-9 LD, etc.),
laéb‘?'%%isdtn\ﬁﬁ adaﬂP Fili 'rﬂ&lhir'tg?eé}‘r}ﬁ%e sQerq/)treEhéH Fn@ﬂ'ilrﬁg) §18 cB4ting, self

nore ne S or
asseinblyi, centact prirmngr mdasmlutmt prindingt Un shme Qmmﬁlmgetslgthef

oo ReBhatd Yh B8 RS A4 co

weﬂdjlﬁgta?é Gsed & gersrateg asgumisiaor ritegaty deuinmcmubmtentsy including
| ayers are yseful in the present nethods for at |east

Pfﬁﬂéﬁqk? gemicopaucipEelemeMtRy or | aninating printable
sem conductor el enents and other elenments on the
receiving surface. [36] Optionally, the nethod of the
present invention further conprises the steps of:
20(i) providing an inorganic sen conductor wafer; (ii)
generating the plurality pigd1soeie®l e sem conduct or
el enents fromthe sem conductor wafer; and (iii)
transferring the plurality of print abl e semi conduct or
el ements fromthe wafer to the receiving surface via
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30 material resulting in |ow cost fabrication of
optical systens. In sone enbodinents, the "plurality
of print abI e sem conductor el enents assenbl ed on the

substrat es” may conprise a very low fracti o (rﬁlsg({a%gzgss,

oS5} h S o ek, bahnairerpugaliniiqtyry de

depaditionftactmiques arehsed eupatiemube devnc@agbstnaxe pfioot® orafter printing-
2008/ 143635PCT/ US2007/ 02295 he ,adv
bagasl ASP BN SHiDBPTREOI SETEonualer olaneRtes 1 AnShefempogiment for

exatRPieCRIPHEE kidldifigisisedito géhbfite bpt tddﬂ@@rﬂr@r@é?@ sugh as a lens array

expensive on a per-area basis, ate | arge are?
or d:ffuseraalvhwUQve e@bsgqygﬂmap@t(egyxed w[tgppnqaplea';ﬁwﬁ ductor elements

wa B B BRGS0 Brdo g, BimaB iisshtor
elefENts pvitigdidrea devips sobstra(te )arqoelevnrmllyg:mneopdn@ @lectrodes and

B T TR A
IrthS%ra'EﬁZ'&n@@ PaﬁttbﬁiééhﬂﬁiueféUlhfa&féﬂ\éifenfﬂwlr@@itl forlexample, an optical

npohent i1i) providing a device substrat(f havi né;nda
systemeiompriging & madilayer istryctuee israanerried by repeated traggter

oo B, 05 BN Ebn Lo, i A i

LEWbesamoadudlo:dﬁserbanpmrmhatdveltale mevoaslwmd on theedavice

oo bR R PO S o
co%dd dEBoSHich Afd éﬁé&f)smdnbhmrﬁhﬁmg%tepsdbhmrédraM@ﬁd‘mm device

the range of linmeters to 1000 mlline

compcnwtsmmbre@s@e@aqd@etwcpnmﬁt$.ra@heawg aysfs, (bam@emn layers,
opfi e PLiEMs g trepbr i forplafiftigibyesiP S N5t e

substrate, wherein the optical conponent is positjoned
[032] t parembhdimantithe matbedef bisanpectiugbereamesises ithe step of

oGN8 et B LG BB s i

redistrationasith tedrintebls semimnductboelenieame Mrsexah'tplemptlcal components
enbodi nent, the print ablf go‘j\m condyct or...el.e

selegingh e dne;tolcBERAIAG BF IPHIARRIchC IR OPlsg, persive
opﬁ&% %Ph@aﬂ flf)é%ﬁd“&réﬁlﬁéré& I@n&% dfid artdyettRérof, @foRQeEEQ reflectors,

neters, sel ected fromthe rantg
Brmg)@flemors m@d@pglcglccog@}ngs (9.9-ntaflective @aémg$ ShRY rpggctwe coatings).

FoR SRR PR SR ing ol PRy b i i o o
préviding aharrayrd @pti¢al @ofnponkhisrie bptical communidatiomer eptical regnstratuon

BRI i N NE TR ——

an% Qtd%nﬁ:ﬁin%ﬁf 8ChE Ay tid ﬁldﬁdl%{ @tidressed to é@dreof the ptiftable
[inmeters. In an enbodi nmen the print

e .
semﬁr@gg@g elegrents. emﬁpgqgf,lﬁﬁmgggmgngéhqa @Hﬁ)ﬂ Qg?gtfcal components is

At t
taicalt i SerliRh oy, BhEIEATRS KA SEmIATLCIOPoaEaR are
aséembledrtm apedeiving sufaceftthe akkay oboptisiabeoraponenisiviargentact
e of 0.002 mlIlineters to 0.02 mlIlineters. In an
di ment, the printable sem conductor el enent
corrprl ses a sem conductor structure having a length 30
[033] et adeﬁmmmém atmegl@od)bf th@(ibreﬁammahm fustheoo@mprises
m_crons, el ect ed fé‘lomt

ProvIADOnS i M SRSk oRPs I ecRel contant M sug Pudifle spiconductor

ek{ ide e tHe dehice SRt 1k atrperﬁs&ﬂmréhcélemaes[ &8ldefined
thod of the present invention, the prin

andemﬁecta’ﬁem inte ppligal systemsasing a eemhingtion af 9pt!°ﬁb\'t agr?eh'c patterning
sem conductor structure. In a nmethod of the present
_Page 18 of 98 WD 2008/ 14343 Rdf 9852007/ 022959
i nvention, the printable sem conductor el enent
conprises a single crystalline sem conductor nmaterial .
BRI EF DESCRI PTI ON OF THE DRAW NGS
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5[039] Fig. 1. provides a schematic show ng opti cal
systems provi ded by the present invention. As shown in
Figure 1, the present invention provides a nunber of

cl asses of optical systens and rel ated nethqgs @bhoor/022059

s
and 4 g%&. onégwgﬁéé gé"g He’fﬁahlr‘ﬁéﬂl% alrér\ﬁjégg:tc?lﬁia pot 8 IrIssltllor? or
physidai vaplori dapogmnn): Iomrm#lesmbndlmestysleemd% ae assemble and

t ti t t 10 [ 040
intqrpeyes g Wil B s BN BRTR DS e B s 07 opt | cal

systems of the present invention conprising printable

[033 N Wiethdde lop theepregenttiaveritiop are ugé‘{usfoopmvahmg opticatisyst@ns on
array with integrated optical dlf[!ﬁser

large areasHf areceivingshifass oha sHUPStEln @fbembpﬂ%?%ﬁ 8@&&{ fo making
targé’ﬁhﬁ? M{%ﬁﬁk{tem’%ﬁhﬁdﬁbﬁgeﬁﬂ?&ﬂ@ P leldméls BR‘PE):@VI@J’eH%nCan area

egr optica ect ors.. Figure 2
of Siecmse:amgasubstiate|salectgdeowmlse)rangerqbr0 85 mj ta llfbmtefﬁ?t aad

oS o S Pl S e e o5 et

generation functionality and conprising a printed
[035]" ain ArEémBodinEnetthe iprsbent mattoudsfusherrodmiprise dghesteg of providing

an agbeSialver 1 e rechingsutnog pgor § T Bsteraaing gy Affesive
|ay%¥§él¥eﬁféé¢dm He 6r@§er§thmé‘rﬁeh itSraBdnamgr ctherivied #ffixing printable

el ement o printed inorganic active matrix LED
semnwpuagtooeleme@tepare@ ether pavieg elesents fagte regejving surface of the

sutgétfa:f% egﬂg@tl | Veeeﬁn'i\g% eﬂs Jé%ﬁgé BB{ a8 r{gﬁﬁt‘gné? t$6Re 80 mte Aetal

Iayertbsrta polgmeT layeds. slnl aiyembodwneu:\mme pmenumetmdséwrﬂle{mmpﬂse

the, SRS BRVITIHG A EPING Al ) dhfantdath Ipdh on, e printable
seitomBution élénﬂ,ﬂﬁb dfﬂaﬁmﬁatﬁﬁs pRhatififg deénc@saraang mifecs’:lal@d]seful in

in Figure 4. 25 [0 5 provi des photog
thg pnegentemgmpdaﬁm a paﬁvg"t apeansulalipg ok faminating prmtable
f an
seagﬁfnggbﬁg %éﬁ:& SH{eF eﬁﬂerﬁé oﬁtﬂ?éaﬂé;%%g/} §i§§a§|@ass
substrate. As shown in Fl gure 5A the single pixel of
[036] aOptiorallyathei metha ofitheppregenionysntion durthascompsiges the steps of:

(i) §for ﬁrﬁ#éﬁpnq@gﬁ? 8% |c;$g\%iQ{:t%vaﬁérrg(ngé&gérré@r?%g?@urg,ngtof printable

semidoneattot Slemettts fromcthe \serrﬁncmsiucw)r water; a0 (ifjdrasisfegting the plurality

ofM eb e t@/f,%(%gtgr% gggwafﬁagﬁythg ?\g%ﬁﬁg&?(ge yia contact
pruﬁhﬁ Qﬂééﬁﬁﬁs%mﬁlu@“th@'pﬁﬁhh? Fﬂﬁtaﬁfétsrelmﬁcér@cfbr%ﬂérﬁdnte on the

ranspar ent [Ffass sub . rovides a

reqsiing gudane fothaSBbSttﬁthln pa embgdin faespdwra ity ohigtimtable
sl R 8 OTRS  bellg 8 o Byt andon

theafmﬁvdngurtdznes ofibse bamore hdditibraldebstcates wivereinthe plurahty of

oSSRk RS b e SRRl B o Bes

to 56%%)‘%%!; ot 86 sehncoRluctdrividie B8 abpate bf fher present invention is

current operation. Figure 6C provides

bepa&u@@e&pusegft providesi feeveryig mﬂmtwgpé}g tﬂg,sgmggp%tg wafer starting
m%t%ﬁéﬁ%%fs% m%%% %EH%IQ?J %&ﬁlb&l sferid. %tso?fféaérﬂﬁédlments the

ovi dés a process f
“plerdﬁb;nftprmtél!ie sem«:ohdbctocalenmmtsmsgmle@be thg mbst@cﬁs may

nent rinted |no

compgla? %yery M\Bfacg'og <ol g‘\% egﬁgsc’ é %@gi@f ﬁwle)gwhl,z'aewce substrate.
In BfHee WRrds; thedpristatl apsteats ma% ekhibit ailow ffill ¢astbrettthé gemiconductor.

conpression of a (soft) substrate/layer. [47] Fig.

8 provides a schematic illustration (not to scale) of

a printed passive matrix padgetedf 9or ganic LED

di splay. As shown in Figure 8 the display conprises a

bottom 15 substrate, el ectrode network, printed |LED,

PDVS | ayer and top substrate.
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[48] Fig. 9 provides photographs of passively
addressed printed inorganic LED displays/arrays on
gl ass and flexible PET substrates. [49] Fig. 10
v a process flow schematic for printiggusiern229se
Tr‘;ﬁ 6%%‘3 %W ftf?fﬁ&cﬁg% mg%@ﬂ ds%%r%ﬁa?ﬁ'oﬁn?&{gm@éﬁguctor
ondr ng provi des a
maeriat oslsich Iurothese bases is @xpensiye omaipeg-ares basis: td papulate large areas
artridge d-wel d bondi ng technique. In this
ﬁfﬁ'*ﬁﬁﬂ’%%&s? fegi?e is patterned with SU-8. ILED
structures are placed on the patterned surface of the

[0373" t rihd@ethef efibdaimérnt, thequitesant irnkeatiom ptdvideslabDethod of making a
structures and subsequent | print the |L struy

SeiifoRILHBEDRALORICELINET FOAPIA e 3ieps Giidy Pipuiing o optica
co@@@ﬂeﬂtq{av rrﬁi g dH é Srnaré\%fé&tém&ﬁ@hal‘gurfﬁbé l{h)eprbillld&@d\ﬁ

exa D structure printed using
electricatlyl condyeting lng or MSpm\/thaergemaégmqféh@ppml component (iii)

oGR8 e B SRR i i sy of
pnﬁfabléCéém|@§ndddfortdlemeﬁt§twdh€w¢euwﬁ@bﬁrface ofthelsdbstrate via contact
rough pol ystyrene. A con‘gar son

DR PeLR Of e MTRHIB SPIIGODH GRT SoentS, GamTse 4 fifiary
m%& Ql?m%ﬁﬁ&br %lﬁ?ct&’t'fef havikg Qﬁbtﬁgeﬁete@ deH\‘Q’(é FPige Al 0.0001

ructure Ure’ denpnstrat es
mltﬂnfetersem slaf@rmidimatensi aa\nc}thuseteomfeomﬁbe @fm fo 0.0@@1 millimeters

eqgi.on 0
to SR TaiiEncsE8 chhiasBeE2 5986 % sobf e gnoq o 9,0000) miimeters o
3 rﬁmh@ététsl an@{v)didnstesiimgthepsptical cummwneat havingthieagrid or mesh to the
density gradient scatterl natslcent %(ﬁsef u

LED _
subSige| Wae e PPIGA COmPoBPaLsROSTRUE o 4P o148 skBenoHctor
eldnirits b§’é’rh€l§d %nl%é BHQHe Fel:éanﬁr‘ig{ Ssrtdeef tRslQibsifatd lantdswherein the

provi In o&dlca communi cation with a Iurallt of
gridjor nmh is pravidad briweenthe @ptlcaheorbmﬂ%\tﬁﬁﬂmﬁ S@'H'CPngléﬁ'f@f

eleig%ﬁgf@?%@ bﬁﬁﬁesrwtstﬁ?ﬂnﬁ ¥ rﬁ?ﬁ’oﬂ&u&&é’éléﬁbhﬂ&mpnsesa

rlsmg Te Ures In a transparent
semidonduetoe strugttid] havirg a lemgtrpseiectédﬁroantm“nge af .02 millimeters to

aogflirisiEnend ASdharted findRe it B o2 afifid gl a0
mnFﬁHe‘t@r%UﬂSr‘éfé?QBIWd)ﬁ@?n@aﬁﬁfcbﬁﬁnsta Idﬁ?th%@ldcmﬁ@n the range of 0.1
sacrificial |ayers and I ndivid

illEptars to i THEMSIer. 2 weth Slegted e Hieradgeh . h miligreters to 1
ma@&eﬁ%&?&%bly%r S %\?Bﬂz}%ong q}ﬁ‘ §e|§&%}‘]'fﬂﬁﬁ tlﬂ;nranfge of 1

ry eprlayer s ure ication o
m:ﬂxmemerabd) GOrmnthntetder[Bnd:a mmmsselg;}:tamfamndhe varide ofni siillimeter to 10

BT 88 RIS, e AN sSRTRDOES: ReRh Eomffes o
seficdndddion strl@MRY BavirgPa thitkrbse deleetsd fram shefangedi 0.09€3

in the epilayer structure ar rovided. Fig
milimeergde Q3 milimeteradpreiarably f fqngome, §?¥'?Qﬁna ﬂléness selected

frobﬂ{h‘é‘?ﬁﬁéé of %ﬁ?&llﬂﬂ&eF$ﬁCb'@rﬁillldMe%f IR %ﬁréﬁ&tﬁrhehﬂ the

ayer structure fabrication of
priptaible Sdshicondlastor-elebent wrgumsesjmsamicou@mtmsislcaﬂe having a length

s e BB T R ip e Y Ao

raigtdofetl 0 inaBomaiees o 9000 neicwhs 4nd raothB:khm seledtgd from the range of

renmoving |ayer 3 by a wet chem cal etch. Figure 14E
10inangsietersde” HIAXNEENSanot her exanpl e of a nmother waf er

20 fromwhich printable n-on-p GaAs solar cells may be
[01%]00' U mid¥hdeh 6HitRé bdsaat mpBiitich) theepriritatle sbﬁﬁﬁrﬁiuetor element

rough 4 and selectively renoving |ayer 3 by a
comp@ﬁes; alunitagrinorganic semiconductor structure.’In a method of the present
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[54] Fig. 15 provides schematic diagrans illustrating
the i nperceptible pixilation/high degree of
transparency fromlow fill-factor, mcro-sized (<-100

Sdo8 fgot print) LE_Ds. As shown in t_he top 20(9;022959
snffdl?»\gé’gfagé BFiftabldSerRBbhdRtorIEH B CRBISes BSsif gc?yﬁgdsllgﬁt

coated 1TO or a lowfill factor netal
semiganductof materiali nt ed nmicro LEDS structures; and (iii)
a second glass coated 1TOor a lowfill factor netal
mesh | ayer. Top views are provided corresponding to
the off state and the on state. A magnification of the
top viewis also provided showi ng the positioning of
m cro LED str uBRIEFRPESCRIBTION @F THEDRAWINGSschenes

1038 S bl dormidiaes & sproRls dieiipe Soliel Pretp B ERPBEHg present
invRARBAE A sHBRANN PRRIrd hethereéssit invientit ProvidegRivigmber of classes of
encapsul at wfg themin a po . photoresist, and

lymer, e. I
optiealesysiems ansbielated etheds/alraakiagthaes @M&PH’@;/ IngRingRysigMs for

_ : ) _ Coor
oY qeiErft 3] e 1o Mg heleofily soffprisHitty ioidgic
optoedectionissyBiams ith dritegrated/gptical components in registry.

2008/ 143635PCT/ US2007/ 022959 rel ease by encapsul ati ng

(M P 0 SR B 8 Rl g i

invdntidh comprising pﬁh%s@ﬁﬂgﬁ%@lbmembgtsgﬁiwm@? shnvesg a pfinted LED
usi ng agueous patassj um hydr oxjde, Sc escribes. :

ariey B RS/AEA RIS O FUIA 99 SHOWS ol aray gn & Siicon chip

wiﬁ}ﬁfe@?dﬁ%g}gticél ‘ﬁbb%‘!‘ﬁﬂglﬁélzgét%ké ¥ priffedpHatoveltaid abray with

sacrificia er using an aqueous m xture
integrateéd opticahcoltectors Figoredershowis@n artificialieyeSeager COMprsing a

L e

bolty Kghtrsensidg aind lighhgeretrationpfuncicralifyl and cbiregyising a printed array LED

aﬂle‘gh%?ft&{ﬁ?qseleg&a{’g%’}l‘%%é ?Wneqoffﬂelﬁlp “}"ﬁgé@%}e&tﬁg b%@?ﬂﬁ@é polymer or

otHerBoRcevl sisstratel Oschemat i ¢ process fl ow di agram
illustrating fabrication of integrated solar

cell/collector arrays via interconnectign of registr .
[08}] afig BiRrevres amsgeespifigw schematig idbe fabricatigmat 2 single pixel

oIS i stk Lemtosimy o nossemniaien

rovides a schematic ray diagram (not to scale) ) )
logziowiF@ Adpevides arscbematit ifusiratiosyingt tacscals).of a\peinted active matrix
i S - : .
LELPHBEY < DR Sindehe g o) ol fpogheana s an
appraximeatel81 irehidigplayn Thin dilh traosistbr KTFT relementscbEDajements, gate

..and focysed o inted mcrosolar cells. .Figure 188

g Ao0s ings SR qiata (1espr dhe doviPk Ale.ificaliid IFRYSF 4 o

" invention conprising an antireflection |ayer, top

[043)nt #Fy. 5as18vided photogtdphs (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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20[ 058] Fig. 19 provide a schematic di agram
illustration of Iight harvesting via reduction of
sem conductor materials costs in a sheet-like form

'ghe col l ector size is approxi mately o liBreso
?0 %{é?@ Providés Fhétoﬁpcﬂi f@ﬂf m%lyen%cﬁv@matmsm@&%mgg

cation (ratiro o | ector area and sol ar cCel |
(trmsaabem)sglawslmatm effig. %movms@nmtggnaah@&aw Rixad partial LED

B

delit@ sabsttdte ahd NcE DS &ianngllypplaced dhtise Slﬂdstrateatlnmhe device shown in
denonstrat es the nmet hods and optr#'cal

F'%H%%rﬁ"‘ﬂ'%@@n@fpﬁﬂeﬂraéﬁu“d@"hp'mhg @45 @%ﬁ %REOROSWP'W ofa
pnﬁﬁatsu CGP TET l?\te% gﬂ&f’egychfaﬂﬁelgsmE;i%hflﬁé?ﬁﬁ%%\-current operation.

ot ovo eVI ce sys e
Flgmre) 8Cdwevides aipdemrtg raptdofatgmemx&ls illgminatead by p?agmg[a transpagent

het er oge osed ell of a solar cell
COQWWMrFB ﬁ?aj @9&'@@‘%@? ﬁEF?% of the present

i nventi on. Asshovvnlnthlsflgure collecting optics
[04B]e FEOVACiﬁdwdéB aprocess flonrschematit farthevablrication of a single pixel

nitride/ phosophi de, and/ or arsenkf)n sol ar cell and
elementoba %@F@r'nggaln'%él’fﬁlr@@”éﬁ disefa¥i ce substrate

via contact printing. Figure 20 al so provides ray Page

[0&'1 oFig9%B d@l@é@&pﬂ&%%ﬁﬂc%%ﬂa fhr 23Bblsisihgelertricaf contact by

the 1 ncident |ight shown collection and focus
compreasianiia (ssaftbqsut&tr@é%@yﬁ& rator and individually
addressed solar cells. Single crystal nultilayer sol ar

[04‘{79' | anF P yp‘f’ovn&@é A4ch&n @ﬁlhé%ﬂat@ﬁ'(ﬁét t62khiR) ofd Egnted passive matrix

gr own are constrained by t
pnntedeesngat;ncdeQ dg,sptaal Aszahomnen fhiguiaBdhe H@Mwmmmgsésg bottom

e N e

opti mal spectrum absorption for each Iayer [060] Fig.
[0481] pFigv demvmiesmlmetmjammcpaeswewvairemsag peneddnorganic LED

brication 0 cell and lens array
dig YS(RIAYE QR Q#wp%"elg? g’?ﬁ-‘?‘d@shﬁ & ng net hods and

cont act prlntlng As shown in this figure a naster
[049INS FRY. N @Yrovidese Brdcesy flowsehematid for peigting inergamid light emitters
nol d, for exanple via repllca nol ding or inprinting
anﬂé@ﬂ?ﬁtar@éﬁa C@‘gﬂeldpﬁ@d'ﬂﬁlm'% |l ayer is used to
generate a plano-concave polyner |lens array by casting

[0$d]e PR. Xﬂf?froﬁa@d aptodebs floweahématic /i prining dsing Aalumot cartridge
i'gure 21, solar cells Prl nted onto a devi ce SUb@%ylt}\%UB

andrcelqawglm kendingteghriaual Indhisrptheda Gatridoe is patern
ILE‘f) rsﬁ'ﬁctt?nfbéére rf?u o @E%@Z@ r%@fétﬁfé%g%?’ ﬁ{eeéﬁrﬂfd Eha stamp is used to

résent inve denonstr tes t he
talanu;t theylLED strueture$ ahd Bsmquantlwpmtdhe ILED structures on a substrate

o SRRGPL B By T i TS5 o 1 shows

andS@fipldera RED Siruchirg peinted usiregthisomethodesnel | ens
arrays can be used as optical concentrators due to its

1081y nFigndB Hevidenn SHBRmaRh o AreoRHeAl SYSTr of Biesteséiifvention
wH;grr] H gﬁnifs tesape mte@a@@ mﬁwamemed Skuctlresphettisal

y rical Fresnel lenses. [62] Fig. 23 provides
embosimenta PPl isageldadionl raugh pelyslyrene. dbepBRRrsnafdangls (a) and

(b} Q@’/’ﬁ Skt by S&bbpﬂlo%% Jﬂjc?@? I tﬁf&'ﬁg;ﬂica#g&@m PirRE iffuser can

r - Wavegul es are provi vesting
beTahrosugb pholded POMS strua:xsm; Tmahgmrdamqnsyatasdhatdatﬂumel can

te ind fraction t t
eHREINRET Ptease 10, FPR oL P MBI OBR gt and guide i1 in

t he pl ane of
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25t he substrate to a solar cell or solar cell array.
[63] Fig. 24 provides a schematic show ng an exenpl ary
printable silicon solar cell fabricated using a

\’VQ'dLOI0§/9£639n insulator SO wafer. The sol ar cqldrus2007/022959

PF 3¢§ P%m&eﬁsér@méiéfdf @ﬁﬂxsmgtd”ptlés BoMprising radigl domdity
|s su buri ed oxide l'ayer of the SO wafer.

grad@urseamnwmersmewomLE&llghtlﬁg|sr/$t9@,sézf the presentipvention. As

st 5 Euls v aghuan S5 Pisn it BurARinB bt VT

comntunicatiph Wﬂh@ﬁluﬁalmblmmbaksqattenmeerﬁémw ‘dlneat;otbom panel in Figure
illustrating a nethod of transfer

13.55PRP AP SR BBLYIPH O SCRISHGO BRI EBPITRY oL eatures ina
traﬁ ALSMstrafe d wel di ng processing to affi x the sol ar
to a device substrate. [65] Fig 26 provides a
scherratl c diagram (not to scale) shown

[0§3]n Pigr 3#A Brovidgs meg@ﬁpryaegﬂay@rrﬁt[@gwg?qrdhe ?&ncpgg\ of printable

m:ﬁ/]n%gfé’gg% Fé% 9!85\{9+ i ﬁmé tR& e?)ﬂ?)se‘?hgré&we é&ﬁ?ﬂk‘e’s%senes of device

layeps rslaixmflwal ddyerd and mhandlesxvafed Indwgimlagersap pheepilayeestucture
1ol

arciefoneini BorBinCodal LG, P o B8 pleb iR fihelgry eptever

strm:tGFé‘fbr ﬂ'fe ﬁBné@tiHn‘Hf%nﬂbelé AbLEDS dontprisirdequanturd well emlsswe
inch, The netal features provide the top contécts of

layegs. aThQ;gpnlaygésﬁr@@u@(q%pr@@s@fsqnﬁg oﬁs@rg@@pdpﬂg Ia}yqzrgrprovxded

beﬁ%@ %HB?\? aﬁ%’é dﬁbiﬂé{)e@% ée&%f’(t:(#]r’n&%tld'fgﬁﬁ gﬁ?ggilyé?m the

epitayeristructute 8% pmwde{j 66ig. F4G pm’vugesaa tahds indlicating thea cemposition,
agram of an ensor of
hidkian s shhdiaenni 8l st Oae R aflert HEaipine
fatRica By ofibriritable whie-OEDS Fiofe 14D Illmstral@b@n mknple of a mother
curvature. Various | ens shapes and angl es Eovvn in
waferfrom WM@'T@@?P o g%%? |9?3 V&%ﬁ?@ "cds Y agr am
phb{dhﬂw%‘g a?Hy%dV!té‘lﬂH Hers PhBagh 3R iseRcavE re'ﬂmovmg layer 3 by a

sp eric surface ermnst rati ng t he necessit
wes themigaheichi Figuren1 4millusteates arqmdesranorthaneaa of a mother wafer

froﬁfﬂlﬁﬁé pﬁ%@?ﬂ Vc‘ﬁﬁl eéa ?—iaAg%élfa? é:é s ag%g%ggfrga’uce‘&w 6Ho‘?6‘lhﬁk5braphy and

etchingelagbslg thréught  and seléctivaly reneoving layer 3 6gh wetghaical etch.
provide a schematic processes fI ow di agram showi ng a
r 20, makin croso

105ficoEfe 1B prrdreretais P glsidfig nBRedpybi btatontioh.

de§tdeCofittanSparefby froAsidw fmffdctANﬂm@roEéliedl(éﬁOE raigro footprint) LEDs.
unction of Silicon Thickness. [70] Fig 31. Sca r%
Asrghewiryin thevioprranehphibisdiavse.ige set!ﬁ?é ﬁv$tam Qﬂmm@ﬁo@ éb? tglass

co?gﬁ!‘f‘ng){\?r%ei w28t ﬁe?’lfl‘fﬁesr?lé (f’r)]spE nﬁer e Ekﬁg:lté‘res, and

l'agram of a conneet
(iiiy & becorsl giasepccnatedl 6T ® or g pawill Ifaatmrmaial mesghtdyen PEOD yigws are

o R 8.f Eo BRus 4 o, 4 oA $fe oo view
is 4186 pesvided sHowing trecpesitioning oftrhioe) LEDStnctuces. Si
Ri bbons are shown for clarity. [072] Fig 33

OB B T BB oo oSl B b @eRLoilno oroanic
seffdoRdubtot HirBadmBntsPaIEroA4EDS oPPCSELs. 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
Al,Gaj.xAs (x>about 70%) sacrificial layer using hydrofluoric acid. Scheme 2 describes
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WO 2008/ 143635PCT/ T. JS2007/ 022959 [73] Fig 34.
provides images showi ng results of printing single
cryst al silicon onto plastic, glass, Si wafers, InP

d thin filma-Si. The m cr ost anpi ng pPFESS6M
re"\gf Xeﬂgéa 22959

case 0 a?%@l%fmg'ﬂ‘(&ﬂ% Q%h?ﬁ?@éﬁabﬁg%# Elhccih MitrféeRe) and
releahagﬁhem from thstwafet bynselectivelysxidiphaiye Alﬁﬁfée@cbeitcmng the

xRyl A 3 Rl SR B b reaso oy

enEaﬁsLﬁﬁnr@rtﬁémdmm apolyfiedce.gnshalorRei’e dliowed w s&!écEtmIemmng ofa
printer useful in the present nethods

buried ﬁafmawﬂ@@mmrmgeawmqn@mmge §§§'fr@r&c'd and/gydrogen

oo PR AREIAEbroRRAEIHeldaody 88 fght Hfing clmont

frondl thescitsie cicld-baeseidnetcigenti ¢ LEDs assenbl ed on plastic
substrates via 10 contact printing. The device in part

bl 27458 4 SSBAGAPL AR RFE Rl g o

m@?m bdlsslascslitdbigsior arrays)meFﬁntfdgcwlaﬂ ceds.afigfi7e prmlldiwla
fabricating a confqormable LED |j ght

scheraatlic esass flow gingram. |I|ustrat|ng Tatpqrboflggt%gf%gqs ag@r gell/collector
ok [ a
R ORI g 70 ok s
prcbdeesmfbhedlagnanpmst[a;t@np the gpemtipn gf,thgggtegraie@ §glar cell/collector
sectl onal view of a conformal ILED |ighting system of
g present invention conprisi ng top and bottom PET
substrates (approximately 175 mcrons thick), !LEDS
[051]r uﬁg.meA drawdes:alsn’aeraayc raym:agram(nst torscale) showmg operation of

i oy B B SHaL s o e g e svsem

of BHeEpRBENt iAVEHohOTAS $howh iH rmgmé 18Aahdiation fg dotibcted by the
sate with a bendi ng radius of g}%a second bent sate

copFemratonanstiongsechen pynigd r@cas?'af el Tigwe 18 shays an gxpanded
B8 o3 Yoty o S 2 sheetlaer, oo
contaet bea gimjgnetioress. The i mages in Figure 42 confirm

that conformal |LED Iighting systerrs of the present
[0%@ I)fgq]t‘lg%?%‘ﬂég y! s?@ﬁﬁ%ﬁé Hlagga% rllfgg r ié’cgrpgﬁfgﬂ ﬁérvleé‘t rﬁe\ﬂé reduction
of temidondactst mamerialsbdmtsmd& sbéetlmke éornHastandhe mnhe¢ta|psnm1 is

b3 SRl % Ao £ s B

m@ﬁﬂ%ﬁbh nrané bEEblfécEd#%fréﬁ 88d S0\t m &ey) B BRNE400. As
WO 2008/ 143635PCT/ usz%)pﬁa 295 e&083

demiapstiateghhyinacelcalasionahaw i 1o g 1o phaioeessestseibonductor
wdg%ﬁ@guﬁéf @%pﬁr&*@ﬁ%@y 480 ﬁ]eﬂ&h;f @'F:ﬁfsetsgrgé %[g)‘ﬁ' tthid %ulﬁﬁcﬁ{

ens the mc
designstratesdhe me&hdmsamd eptloadsystems DS prasentanvestioe dctlycde a high

eff?ck?ﬁciy%djg%cggp fa%ﬁrggtgqsﬁ 17 L yefgr Fpﬁ%@%éb&eﬁéﬁoﬁg@gﬁ%& devices
andaysfemid, ng the PDVS ont o the 5 el ectrode surface and
slowy peeling the PDVS back. Next, in step (b),
anari zation followed by the f f
(088 aFia: 20insovides a sabemana/dagamal &goleeing oelio ind BBtsgooenousiy

coft osBY %B@?E?W& é‘sbl‘éWc@lPé‘ﬁéV‘ﬁ'yﬁ\ip'eoaeﬁv&hv&%gﬁﬁbni 6fhe present

array made from PDVS onto 't device (step c). In this
inveintiah. g\s@pown ie ghis Hguree epllecting opties are\preddeghin qeplisalyned

COﬁﬁﬁl&hl&%@h \& ?hﬁﬁ@e@;\ ot dg';ofegéhd?&] drSebé 8BiartLiNaddSiticon solar cell

assembled on the device substrate via contact printing. Figure 20 also provides ray
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10 [084] Fig 45 provides images of a silicon solar
cell transferred to a glass substrate. (a) Optica
i mage of a single cell on a glass substrate with both

oghg hottom el ectrical contacts. (b) currgitysiooro22959
. ) . :
oSBEREN oo v ot g ek i o Rt

0 |
angiirdivideallyi addgessedfsolar sellsir Singlel cmstahyuitilayaearﬂarcﬁeﬂs (i.e. third

cyl i.ndrical |l ecting optics. Pi .
gefdiatip snef e finats Hoically SRR WO Pt Fingfaiidfoy tne
nedédsty of CRstaPlatiide Mishiaté i Betveen Igrs.C I aurtsysiem different absorbing

i ncorporation of the lens array. [586 Fi 47_'#row es
laygrs 63t have erbara@g!eéli'ﬁerscﬁndgtbﬁ@aaﬁml@ eletted.Jpr optinial Spectriim
abg@@ggﬂg@a‘% %;e;_ays with integrated netal contacts

onto -Si

con solar cells (mcro-silicon solar
cells). The process starts off with retrieval of a
[060]t aFigras iprpadasea achieroaticproaess flaw diageaofar fakricatiop of an

. .hl ' P ; . .
iy 0B, AR TB AT ASER il 88 molingmotods ane
comlalbt)p?ﬁtir;gt rﬁa;/si]hbﬁ/vrsihlthisdig#lﬁmdi a']{aswl Iérss arr?ﬁiﬁ]usﬁd lglp dénerate a

il ustrates rocess flow for generating.solay .
negalifeepficn Molch @RS HBdRPIcA MAG nGH fennting (egiyiayes, Nex:

théHth oIV PERS lhﬁ?rﬁ@%s&ﬁ t@aéﬂeglét% #Plab-cBRtAve2 pbRtheP ldnatfthy by

onto gol d bus nes on 25 ass substrates via a thin

castingShediohaneragainss the negasive replicaar As shwowrin Figuie? 1, sglar cells

prf R 8 devIcarabiaffne 418 PTG Spush cftnunicsifth Iipe tens
ariagsol azato-geyiprate Gh)opticalrsystensef thy peesent jnveotidn. nat i on of
bot h types. [90] Fig. 51 provides-a schematic

(0bt KR 35 eforsfiatendnd aPRly dFados RreBb Bb ol usi ng

coRt&riteMGicoI dling Optiv, ta focuiighe to asimallianga fof luse in light harvesting

. techni ques provides for mnassi velg np?r al | el assegbll}/ gf L
systeBisascabeth By thesprgsenrtgnvetion. Frésnel lens arrays can be used as optical

coﬁé’%ﬁ(al&r%%jﬂté ‘al%%%%@@@@s%ﬁnﬁsﬁb&&ﬂ%ﬂﬂ@forml 18EBRAAd light weight
an / or

sem conduct or devi ces ha\_/l ng mcro-sized and ,
compacedwitie dopvendivnall leasese ndiedigiire Bbows a#@@i' apga @ﬁ@%ﬁ"@@em for

softafoe] anf oy B e T oV a1 s o bt heing.

5 [092] Fig. 53A provide a plot of current (A) versus
[062]p! Figdl 28@rovides & Sghématiadipgiam #ldstrating-dn opticahsystem iof the
o PGy PRET STl BoBLABAY SndpSbrBbiosd i armppe or o
hatled8hgThfs doitalayaRiMp LSes favdpgarentSteuctdrdd nisdiy bflggprapriate index

schemati c di agram shown an exenplary |LED egi,l ayer
of sefraetion te captutanormallyner ghligyelyringidemtliohband gyjde sdnthe plane of
' 4 ' hemati ¢ di agrans of
th{é%@e%étsﬁ@gg?g@eﬁ'&i/énéj:azgﬁn conprising planarized
printabl e sem conductor el enments. [94] Figure 55
[063]ov Fige 24 provides aisalematic shaywng aniexgmpiasy peslahle silicepsolar cell

ol 15 3 0T 55581 ST NGB e S Tl s  conea o

suffhee aith 2R/ Agmhintuad Bad $esippontdd dya bariehedide layeucfitha SOl wafer.
Fig?urrée %tttasl?llosvsstﬁeren sglgp gglf tm?:'iti_labyetlesr %ﬁucture comprising a n*-Si (P/As) layer and p-
Si(B) layer.
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15 el ectronic devices and device conponents. [95]
Figure 56 provides experimental results characterizing
the inmpact of step edges on establishing electrical
}0 and/ or between printabl e seni condyct 07/022959
ol i
1o gF 527 BrovidkR oAt prfccRt bR ARl ENRg o flthod of
traasiemngsa pgntabletsaiml ceﬂcbd: substelte ssingaontaghplinting and subsequent cold

b tl enbl ed 0 int ted t
weidlg Peiessind s5ATK the riatiolb(p 2 S0GeH SERIRR. 5s pr ovi des
SEM i mages of mcrosolar cells of different

[068] CFREZHRVIdeBa soheafhtit omgraml (komefsear) shbaing @top view (in

bottom 8 mcrons, 16 microns, 22 mcrons thic

paralle]) qtiagexempiary configusation for P condagts ip sajar arravs)of the present
m\}fél?@f)ﬁ Wéréé(ﬂé?%ell@f(ﬁ@c%r# Lhd%r‘é\y)dﬁ’é\}m Rlctfs 61%} gt%f?r\‘-h&‘?y 120 microns

proc ssing
anp0&rgjths-obapproXimatdipusniimatesarepyovided inearcaraay fogmaben a device

subper Matel Toabgs H8reaffen Tavie iBinsrar B0aCr® il pogiy on the

orderdtNaAEH.| Thehestan@aturés prvidecthk topyonthctelof hisalzs celt Eevsce array
type solar cells_to be patterned on a <111> éeygeb

ofﬂf@r@rﬁsawdnwam dhisrt 'msmefagg@rﬂéw@nﬁa bile LEDs and

g e B BB Be P ORa BT EZ 7, s vt s

a schematic showi ng the doping scheme wherein boron
[0§61+) Figy pravisiesar sahematic diagspacdf aagpaificiaheye” sanseirqfdbe current

R S b b8 e S SRS h i
havingesphtiical shovaturg. Matiops ensshapesand angleslare Shown in Figure 27

patterni ng and dopi ng steps. [0103] Figure 64 provides

[Oégts Cgmiarogaea%r %g{e a:fl\f’:\d%@mﬁq%ia'ltlﬁgﬂsr@ﬁg B%Eanar sheet around
a éﬁlﬁéh@bll surfaeé G@hﬁbn@!ﬁ@iw@’tﬁe dreeasstyof etrefchabilityivaasxemplary

igure 65 shows results from

b RReYR Sﬁﬂ%ﬂ[!eﬁ SngS LI 28 GNP POSHigNDg of 1E planar sheet
re@ﬂﬁ d?rféjd%q@@%?@tr kﬂ&@ﬁc}, tg'a%'ifi‘fatﬁﬁepr ovi des a
ematl C ?or

agram dopi ng processing. After
the KOH refining step, boron doping for formation of
[068]p Fig 2proxisie 3 schesmaticareeesses flow]dizgrgay ghawinga Methed for

makirng 3 8ok 61ar bAPAREY bPhe oSS HvBHEorIOPI Ng processi ng

[069] Fig 30. Estimated Short Circuit Current (Jsc) and AM1.5 Efficiency as a function
of Silicon Thickness.

[070] Fig 31. Scanning Electron Micrographs Showing Sequential Formation.of Si

- Multilayer Ribbon Stacks.

[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.
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[0107] Figure 68 provides a schematic di agram show ng

si dewal | passivation 15, processing. [0108] Figure 69
provi des a schemati c di agram showi ng processing for

the forrrgtl on of a KOH etching w ndow. [ 0109 fiGh7R22950

(0731 | bgtto?%oron%%%r&o et rﬁ‘ftlﬁF's IPENSIRPSilicth onto

processing. 20 [01 i gure
pla§tlc glassi Sewaiens ok wetiersiang thindirsfaebi. oFhe m&r@siarapmgéamcess of

the frgen injerith o SorRRiE R ailiok 3are @ SRR 0P L0l o1

illustrating contact printing and planarization
[OM?]OCHgSBm ghows anhém&ﬁd]Iluﬁrajmna)f‘a& exemplary pragess ohthepresent
. showi n results zation rocess n
invBOaTY oo oripes0na StpanebRdierBRnB SRt e Pged LEDs.
nmetal lization process showing an Al netal |ayer, Si02

[01!?] el pigtds grolides an iMagédnt aysthematit dlustiglion oftd privetes asefy in the
| ayer "and devi ce substrate. Pi%e 28 of 98 WO

prese0bMetBeis Db ERricating epmiorae LPilighting §YSeMS75A and

755 provide schematic di agrams exerrpl itying the

[07?1'0r P@%?ﬁ&@vndhé‘hﬁé s ﬂf‘ %@B?é ese ad?\g hn@épﬁf‘arﬁﬂ%hﬁ’rﬁ@bevnces that

as use escri tl on. gure
compAse passivils addresseqblus mrgamoﬂ.aas. assanibisd on piastic Substrates via

cop B SUAHS 55 BT A SRR EREB g on i

ligifthigy ®AAdeCoT thé preent invedliorensi on” is exenplified by the
| ength 6000 and width 6010 of the sem conduct or

o O3t RSP A I b £ AW ebrcaing o

coﬁf@ﬁﬁébl&lum HigHtingl syStaeh 6f 1BE prreéémnﬁ/eﬁ@@’é [01151 Figure
shows an array of printable GaAs/I nGAIP red LEDs

oL AL ok b G e
thé“;gl'égéﬁ‘d iAvériidh e F@risir@ea fi&GHB Rtrfp. and the same nunber

pearing I n nor one dravvlngreferstothe same
element. In addition, 15hereinafter, the f g
[0783f i Rig4Qprovidep acrospsactipnaliew @&timngf@ﬁH!LED lighting system of

thecéf%ggﬁgh}/%ﬁioﬂ%ompﬁ%arﬁ%b 58 HoRoRPBET SuBSFhteP tddpfdximately 175
microns thick), IL’EDS structures (approximately 100 microns thick), electrodes and a
PDMS encapsulating coating.

[080] Fig 41 provides images of ILED lighting systems of the present invention in an
unbent state, a first bent sate with a bending radius of 7 cm, a second bent sate with a
Bending radius of 5 cm, third bent sate with a bending radius of 4.5 cm, a fourth bent
sate with a bending radius 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 cm.

[082] Fig 43 provides schematics showing two methods for assembling ILED
structures on the device substrate.
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refers to the characteristic of optical conponents and

devi ce conponents that they direct light froma

reI atlvely | arge area and direct that |ight to another
soma cases a snuller area. In the GRlR%be7852959

[OB%S iF |§ Sﬂbﬁ%é a scﬁ@n'ng;i‘ofdr'ﬂﬂb Waﬁ@n SPA Afitb sitigle Brystal silicon

onent S an r optical rrponent S are
solas eélLwitt mw Iavgtnomten'eahﬁgdﬁn&r qubwélrst Istap/(@3 thengicpg structures are

vaRe e L PP i G R 958 o BB it

coRtaBPRN fHa devittd/ THe silidoRds aAstefrod dYilaminating tHecRBMSharito the
are capable of transfer, assenbl patternin

elestrgdesurtaee antislowly prelipg e BB%%@% rNexit ip S&ftg!%@vr%{?'&"za“m
foll%feﬁéb&ttp% @g&?ﬁﬁﬁ ofthd B? nietSddnticis fscbé?fo%ea5The device IS

terrp nper atures l'ess than or eg
compleséxbiy |Mélj?amwg;ammaactmtrahc)n cylindded lensaaymade dgfom PDMS

0"&@? S@%R%Shg: S t%‘r‘?&"ﬁi@ e@é@%e%&%éem%‘?e ofoeatrans §‘desngned

sud¥s frrtHe/rows adt siicon Bells sligmaxithzinedoed) point of thedgnsiairag
onto or i nto substrates V| a sol ution prl nti ng or

[Oélﬁgt ;grlgpltdlpggmgy)llgﬁ% oA sili i gr?ﬁg qcrg%n éggciass substrate.
(a)SGﬁj &a §1hg|6‘“deﬂ 'R %Iﬁéé s@s@ra?é)hﬂh betHBpamadooarelectrical
egrated onto substrate surfaces, for exanple

l e
contsictsy (b)/Clm%nttvow charadatistics - Jiypisal hY resronse fera deviemshown in

ri ge 29 of 98 WD
(M}f%égpd/ US2007/ 022959 met hods. In one

enbodi ment, printable sem conductor el ements of the
[Oﬁs]es Figt46 prmmbs imagesofmsolar gellarrayl jeinedyte cylindrigal collecting optics.

B G NP G SRt i ) o or o

safRcvvRANMitiout mﬁa?bﬁati@hfbf tmﬂlﬁﬁﬁbﬂdyt 0 a substrate,
such as a not her via one or nore brldge

elements., In 5this context of this descrl

(088, t ERALPIYISBSASTNEMAth Siagr e P cossiecaiie SRt spyientrator arrays

wutiﬁﬁ'lbﬁl‘a?éd hisdl BhBcEEEMB MS-Fillcyn GBI @ENE@icro-silicon solar cells) The
Sem Conductor el enments of the present inventjon

praness startsof with eairievalpf Aanetalmesh patern f@ﬁaﬁusabstfatg?zhown dark

a
o) YL PO e 187 vty P e TBhe cifay RS ol i then. be
larninetdd rhy@@stdppahotaw ariay oftsillton selariceti;iduct or el enent s
and structures of the present invention may 10 include

les. O erf rations thr
108 nEinde RERAIEE e HPeb e NIty SREa BB R el pid Figprated
cohbénttatihg@ptied.i on of a chem cal rel ease agent. The
present invention includes mcrostructured printable
onduct or, el.enents, havi n st aone, cro
(088, FRnid PiaviveRdmaass &f & miorp sl el 3oy BRBteRLTa gaid bus fines on
gldsBSubaiates Va d tHih PONIS bahddNDialfe T AIBE shdWh apé earat — voltage
I nvention includes nanostructured printable
chaetesisties tor dhe s@laecelh@fdys having at | east one cross
sectlonal di mension (e.g., thickness) sel ected over
[Oéélj pn%fvud%st %tl@@lﬂﬁﬁﬁﬁ&f éf micPoctls ¥F ) VePRAal-typ@, (b
|nt sem conduct or el enent of the present
tranaveme-lty:pe ke)combimatioorad bothutypesisi ons | ess than of
equal or 1000 m crons, preferably for sone
pl [ I
OFP, 7 1y ded R EHTER, duio RS ERF R G dng Bheont
invientiok fmfsaaldmgmnge area ¢m$al gystem® usueg mitroptanipulation via transfer

NG R CET AT ST p—
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[0120] Printable sem conductor elenents useful in many
applications conprises elenents derived from"top
down" processing of high purity bulk materials, such
' urity crystalline sen conductor wafghSicrner/022059
008/ . , ,
se a%gggﬁelﬁﬁieﬂ% Wﬂ&ﬂkbﬁ&ﬁitoméﬁbe%%m%m@s% and/or nano-
processing techniques. In sone nmethods and systens of
sizet physicalgimensiorsit i on, printabl e seni conduct or
el ements of the present invention conprise conposite
t eEQg | ' inorganic
(04T, ERPSRE e BIOF LA ERerl | kel BEAICCARAAGE PY) for 2 inorgan

LEBX dévicesassembledivia tiaosfer pdetingze conmponent or structure,
such as a conducting |ayer, dielectric |ayer,

ecLro addi tional .sem uct or r r .
10623° b pA e B o BETer TBENESE bl lafae ¥ @Y printed
thiffilrh ifbreame EBD deviteddsemblédien Bipldstia Blbstraevizorahstdrgrinting.

el ement (s) conprises a sem conductor structure i
Figue 83Aalsapiavide axschesalic dingsamcndithe assamiled devies-e Fig- 53A
PSR et dof] P ST SHDAR, FED SIBY Pt useful inthe
presentlinvention. st ructure, and an optical structure (e.g.,
optical coatings, reflectors, w ndows, optical filter,

[ ' ' j . of
1058 o0 Fohisiat b B30 Bl 28l Magidns B sysipms of he present
invehtion comprisingplamatibed prictablesestieoralucfor tehementssent
i nvention the printable sem conductor el enent(s)

npLi ses_a _senj conductor structure inteaqr. i
10§45 Pl S pibieira fov otact il o, RcBRaR Sfpek i freftocs o
thd presBhtiHvertioRIbShakiag Semicthdatpebasse opticall spstemt comprising

| ayer, an optical coati n?, a nmetal contact pad. a
planafized pHntablersemieonduciar elaments nsuchasyintable geaicondygtor-based
i WeToR i nt abl e sem conduct or
elégtrghL&ﬁt{eg/fcgé%trﬁﬁedeg}rég?ggﬁfblnﬁegs'mi on conprise stretchabl e
sem conductor el enents, bendabl e sem conduct or
[098]enEiguse 56 pravidascexperentad IRsUlts ehametRItzing the impaghaf step edges

o A o A G My Germens

sem conductors, conductors, ceramcs etc.). 10 i
[098]i nFigore5% providescaiptasess flewsiagsamifer making printabiehsemiconductor

oIGTAEH S P RB e RBEal S s TR T oSl asgempled and

intéRbAhedted ke tabficate d1gslar eelisarrdyhot ovol t ai cs, o
phot odi odes, diodes, transistors, integrated circuits,

d sensors. [0121]_"Cross sectiongl dinmension" .refers
oA’ Bl &8 nehis SEMIrenes oF Gusosdy S HE dient fitictses
fat RS AR RN r (THRIEHORIM: EhRiensS a6t mizfsts, 22 microns thick).

di mensi ons i nclude the thickness, radius, or diameter

of a _printable_sem conductor elenment. For exanp

[098]; nFigsre:59 efﬁV&ﬁmelobﬁh@wiéﬁé\ﬁtcga%fﬁgcsaoﬂ?fbﬁga’{?%‘i‘éﬁ‘?éa’ cell

defc8 a8 g e Prsent!dlofesaiRpiafdtie sect | onal

mensi on. or- exanp printable sem conduct or

el ements having a cylindrical shape are characterized
[098] aFiguse6 showapragesaingfen genesatingstpp epatastsior the vertical solar

cofigSht B en SIGERRPIBortortphe ol o fom et ers 1o

an orientation such that the |ongitudi nal axes of a
[0100juFiguref1 providesna schematiccshondnga isplasiioelk layout of transverse type

s afi R btred BF A 12 e T Valor SRl @ spbsequent

as8émbly #hddafelgritionaia contastmmting) | y parallel to a
sel ected axis refers to an
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25 orientation wthin 10 degrees of an absolutely
parallel orientation, nore preferably within 5 degrees
of an absol ut el y par aI lel ori ent ation. [0123] The

H exi bl e" and "bendabl e" are used sy 05 Y2050
[010 }mlagés Sﬁ&bld@@%@dh@ﬁi&ﬂ@ sﬁ&gmp‘?ﬁ@ﬂoélﬁg% f&g e?éﬂn% ron (P+)

structure devi ce” conponent to
andb phdsﬂl’rmmuml(n»hdop@d mgionscare ppafiernadtondhe emm gorface of the
for mat i O{:} i ntroduces 30significant strain,
pa Bﬁ ggmgqqngp @P%erl zing the failure point of a

material,  structure, device or device conponent. In an

- [01092% nﬁbafeystfﬁifomdﬂemtoveméw sehdrhatiosticavingithe process flavefor cell

devi ce or device conponent nay be defornmed into a
palterPingAd AN BERS Ut i ntroducing strain larger than or
equal to 5 c/o, preferably for sone applications

[01'0@5 gﬁbu%a&ﬁpl%ind@fs a‘sthekfatié @%réﬂ%ﬁﬁ@;ﬁrb@é?ﬁﬂﬁ Q@ﬁ@&ﬁ

han or equal to 1 % and nore preferabl

SO
paﬁ@rplngcmdarmeﬂ nbbe@ssﬂlustn%tmgcnhq&l@grmyoar@/ﬁs [dcﬁeﬂlE etching
ductor” refers to any nmaterial that is a
p"ﬁ;ggg]?feg “that is an insulator at a very |ow
tenperature, but which has a appreciable electrical
(0104} dElgUre/65 shaws eestilts rope@Huretining pradessing 3b thegidewails of the
é a Bresent description, use of the term
PalRrRPE fitBA%S or is i ntended to be consistent with use of
this termin the art of mcroelectronics and
[OQSQCFIQU@% pevidessa sdﬁ@manorvﬂagramrfer boreh wloping prgeessmg After the
resent inv rise ement _semnj condyct or,s,
LS PP AP SgRn s AR TaRBA GoN RS CORUTRE
sem conductors, such as group |V conpound

[0TO®] FRUEL'S? pfﬁldﬁé@s@%nﬁti@ dlébramcfoﬁpt%phcfmmwlng\brocessmg
sem conductors such as Al Sb, AlAs, Aln, AP, BN GaSbh,

&N, &GP, . I nSbh, | nAs,
[0V oy 88 PRb s SnemH e sjadra oG sl iBksivatioN
pr%% I1-VI sem conductors such as CsSe, CdS, CdTe,
%nSe ZnS, and ZnTe, group 1-VII sem conductors
group IV - VI seniconductors such as PhS,
tomsa E\ggre 6@9@/@@@ Wpa@@mmoa@nwpgesm@féh'?dfOfmaf'on of
@ﬁ%tcﬁ? dw/ sem conduct ors such as CuO and Cu20.
ternf sem conductor includes intrinsic
sem conductors and extrinsic sem conductors that are

[0109) eBigure TO prayides misragraphssshawingrKOkt etghing preeassing/nd bottom

ving p-type doping materials and
bo% n@&f’iﬁq‘ié%cgéﬁ'ﬂit erials, to provide benefici al
el ectrical properties useful for a gi ven application
[011!0] dEnguces71 providesrimagesisbawidg dtansfer of theckadarqstpibpagfrom the

erlfa S . co 2% a dx re of 20 sem conductors

Soﬁrﬁﬁl"oarerd‘dﬁﬂ%? '@% npfes gg' conductor materials
useful for in sone applications of the present

[01 1] eRiguan72 priviuds, a ScHensatie diagrai ilisteating contéict prigding and
SIiC, AP, AlAs, AlSb, GaN, GaP, GaAs, GaSb, InP, InAs,

planadgation50cessiia SIeRsh  zno, znSe, znTe, CdS, CdSe,
-ZnSe, ZnTe, CdS, CdSe, CdTe, HgS, PbS, PbSe, PbTe,

[01°I|2§‘P@ure“?$ pRSvided! émuﬁag%“Q%W|@lh%sul@bhﬁetaﬂiz%ﬁbcessmg

I nP, and Gal nAsP. Porous 25 silicon sem conduct or
[01 1@:%@@7? Epreq %féj 'lscrfe%at%pcp ellglgrg%t éf‘%ﬂé moeftall‘za%oﬁ process showing an
Al metal layer, SiO; dielectric layer, Cr/Au layer, solar cell, planarizing layer and device

substrate.
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field of sensors and light emtting materials, such as
light emtting diodes (LEDs) and solid state | asers.
I mpurities of sem conductor naterials are atons,

A 41;3 i ons and/or nolecul es other than tdeg/us2007/022959
luﬁﬁﬁ%lagg B%Warma?% bAIVide) schefiame irparns eﬁ@Mp Rg he expressuons
rovi ded to the sem conductor mat erl al npurities ar

“lateraj@gmmns" @adéeross segtiongbdimengiogs’ %sewe,ddﬁdfeﬁ:mﬁsent description.

w5 el B AR b berubscenprn

serlcondedtot fibbdne G008. dxxﬂwontaabbmis desutiiptien thesexpression “lateral

i ncl udi ng heavy netal netal i ities .
dimensiqitlés examplitied bydpe fqnmft (i %ﬁé wigth BWJBF the Semisangugtor

r b $d'SediBhalEw of thélprintable

fi Q(gfl cum sglg%uﬁg@r? i%ga%?%ns onpounds ano‘l)f'or
semipoptecteselementsotammising egemfcogeuctonlbbons 6005.

2008/ 143635PCT/ US2007/ 022959 [0125] "Plastic" refers

LEBS ﬂhted on PET

(01131 PRV S0 2l rrBZ bt bnatie Ay o) TG FLEDS phfes
sulpstratesal | y when heated, and hardened into a desired

shape. Exenplary pl astics useful in the devices and

nmet hods of the present invention include, but are not

limted to, polyners, resins and cell ul ose

derivatives. In 5 the present description, the term

plastic is intended to include conposite plastic

mor o ad 1 vBETAUEH cRCRpTIBN QP THE ENTON s
[Of 1'd?ehéfer ogafi:tthé 'd?éWlﬁgs ke biuiie? 6 Sndiéata dike blemtsl\lmatfhe same
provi de desired chem cal or physical progert

nu{nbgzeppe@nssn orase tharcore drawingarefiserte $ame element. it addition,
formed 10 and return to
hemé}@fﬁ&g@ﬁ“ﬁ%peﬁgﬁgﬁqﬁp subst anti al per manent

deformation. Elastoners commonly undergo substantially
[o1=,17as‘tcna1|edm1gs ramat“Consentat@gi’:;la@rappbe@a eptiss and optical gomponents,

SR 3FB DSt R RIRE S BB B egnens vt ey

d|r§©t| lighefromancélativlyl Iangera?ea Ehdslireaethat:hgha;oemnotlmérearea tio same
| ayer conpri Si east .one el a

casgha FEAIEE A dMithS FRRIEX LR Sameea o BEnts, onfiRtfgBh
coRt&HttafBR bbficdlRbRIpoAESts a’ﬁhﬁb‘?‘o@ﬂ@dl ToHipohbhtsiate Liéful for light

present invention may include, but are not limted to,
detactiomoppawe hansestingdyeprinted inpraamicselak ealls gr photediodes ¢
mat eri als, polyol efin, polyurethane thernoplastic

[Oﬁqﬁs"ﬁ’r[m%bﬁe” r%ﬂité@‘rﬂy %ga@’ Fﬁ@&hﬁe@ Gé\AEeESmpbitdvies and/or integrated

I ene
funmbpalsdbyroes d¢hatare dapable of ;ramfer). assemblyr pattesmieg, organizing and/or

hi | |
ingralg paln & 6B upefa@sifBNF SxmpsLBEb e sandta I g
terhpdratres {i E’@@ﬁfeﬁp&&t}gﬁﬁggg ﬂfaﬁr@ e‘qgagto?ogceoaggig*ees Celsius). In
onent capa i v i
on SR 58 PregoRHnEeaIoBn brADIE AR g g BBl Sevite
co She@g g%eﬁ}fceg%rré c?ﬁarb’ié BPIr EnStETaSSSAMIG | sHttePhiBgESThaNizing

ans evi ces use in the present |nvention
angfog inteigratiog botonarlinie substiates Nladwut&é‘spf iningion gowtast ryinting.
nore contact surfaces 25 capabl e of establishing

(0" Frifanie SBhtingliboh RIS ot i EIREE iAertbARBfrRfse

presen COﬁpOSItIO S are partlcu
semtiddndsctor stiudtoresi that amrmluleala henassembiechand/oointegrated amto substrate

SUIRGHS £ oA SEhGOY L FRRter SRR PTtog fndof Al prntng

an, elastoneric stanp, conposite elastoneric
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stanp, an elastoneric layer, plurality of elastoneric
| ayers and an el astoneric |layer 30 coupled to a
substrate such as a gl ass, ceran1c nmetal or pol ymner

9 A [0128] "Large area" refers Lo an @ed2005)8s0
‘g(g gsw é\ %n%aefrﬁ’%ocﬁnéﬁtc Eh?ﬂ'aﬁ% s%‘r‘ﬁlf:@ﬁcﬁ.lcﬂfr cferiémis bf ﬂ‘fe%r&&ﬁﬂ
0rgeVioe an or equal

reater
invegtiom are mmtae;ssm@bgnyﬁalhm padycryatalline or mncrocrystalhne morgamc

égq%%/géét%?gtg\fg ! gsioggégéﬁézg%rggﬁrmtﬁggggw V\olggkctor elements are

cofitédted fba sGstiars siichfagcemothenWatar, ﬂardnaccfrsndra\blndge glements. In
material s de osi_ted t hereon whi ch, may be,_ usef ul ro.

thi CARBKLR! s glesaitomn LAY GILRIWS FS MeRgi Pl eant Hiaying

feftbfe‘éctﬁéi{)é?r? medtaRica Qéﬁdétcfék?i eSe'?ﬁi’ifbt‘?&lﬁ’t‘?(b’fcél@r’hen‘i’l’s‘i‘ﬂ"ﬁ’rﬂ.I Srbsent

rate surface. In one aspect, confor nal
inveotioaataybe mndﬂpeds:r aiopextrma}c baveca aebpteatSipahaldﬁStﬂbﬁélQﬂrOf dopants

anflgne, e Bobreanith gty ot el PR afehRCBErERY o N type

doﬁuﬁtfsapﬁntfableasénﬂ&r&mctdileﬁmms ang fstrt]t:t&mseofsmrpmedwmmtton may
[ enent. I'n another aspect, confornal tact in

include boles ebperorations thrqugh Qv dimension ahihe 6WPa§tt°¥a°"'tate their
relﬁﬂéé erﬁlsa Qhate? fbg‘?ﬁ‘é ﬁ{tﬁgﬂ&ﬁ)nt S SHehicAG¥lease hgerﬁ The present

rate sur |ngto an Intinmate co
invention naiisles Thieras@ructered printable semicondugtor elements ba\dw at least one

o RS A0 e bded SRR gy 1o

miBRInge G'I'héJF@séﬁt :ﬁwmloham@udwﬁambtracmfem;ﬁmt@tble semlconductor

conformabl e transfer device and a substrat
CIGeE ARV [S55E 6 GTONRISeCIATER USRI Geickfipes) aglected over

thd ?‘ér}%ed? 1489 000 APbMet&ta! &flak @mbéeimé‘rtré Pﬁﬁtﬁblefsé'fmconductor

| e contact surfaces havi ng a trans er materi al
elgmenttof thepresanidoventiondasdl t@m@ms dimensions dessdhapategual or 1000

and/ or
migfiispreferdl ot e boialiof & RlRss e BSt fhan or equalto
10b6| rhiefares} breﬁérylblydonémgembplmamama thnelmd gse daneraadwr;sslbssjthan or equal
et ween one or e bare or coated c act surfaces
to 4 Ocerans ARG T aIE of comeARRICRIAS & CipsEess FHeodoRg (s than or
eq%SFlbeﬂmYEréﬁh a material such as a transfer material,
d photoresist |ayer, prepolyner | ayer, |iquid,
thin filmor fluid. 20 [0130] "Placenment accur )
[0129]e Peintable srmiganduator elemgnisiugeiyl it mapy ﬁae"@ﬁ'oa%g?feeﬂses
r I b
olérlontssRAREF oM i S0P e ST b bulk fRERLS b as high
purigf raystamne setriizondosior wafers geoeratad uﬁ;w c@wﬁp@ﬁi dvighstemperature

o3BG S B 45 e R Rbehlton

prin€diste §emtcoh”6¢|¢todélemedts:t§f\th@ pﬁesea'pmhémcm‘ cdmpnsefoamposge
a printable elenment to a selected 25 POSItlon rqe} 83
hellefoaﬁ%QQ\@rSt@'éW%%h%Y'“@é\ﬁeHBCQ%%H’ﬁE%QRF ajpnalaoappeiediqon

ot r%)?ﬁgb With t!é‘asﬁ Sﬁ h&diﬂ%@l‘&e@%@%aﬁddﬁeﬁi&tdt@cture such as
AV

romthe ab SO ut el Yy correct pOSItI on | ess
a coraiucting bqemd:et@cta@layec etastrodepadditional semisopducarsteyesre or any

oo A ar e s Vi RISy AL BRSEACAYGHER, e
priviitie émidondﬂd:tonelemﬂn&smmmnesl msemconduqtmrcmlud&se integrated with
devi ces at |le t one, printable .30 el

at{gash 6re ARGRDIR UG BRI PP Bt MR tER1A Soneipinecal; Andther
serr%ddi@{or%%@?ﬁ% -GAdibRBiric'stubluTe; tc@nﬁu&%fdtméﬁﬁé Iam i optical

two or nore el ements wherein one or nore
stroctace (@ gngptieal coatinpsarafieatoss avindeus aptieal fﬂiﬁb ﬁﬁ%ﬁtﬁnagdlffusmg or
fromone element to the other elenent. Elenents in
opti cal comruni cation may be in direct optical
communi cation or indirectPagd 8¢af 98 onmuni cat i on.
"Direct optical
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Page 34 of 98 WD 2008/ 143635PCT/ US2007/ 022959
communi cation” refers to a configuration of two or
nore el ements wherein one or nore beans of
‘fﬁf gﬁgggnetl Ic radi ation propagate direct! Ypdi @ 022950
e e:mg#
co n'ent Eﬁ’:fece)frE )s[ﬂéé;‘ﬂrménﬂ1 an éyn%éwéf tHé egg@gé nthe
pnhlabﬁa semlt:omuatmraélemem(n)ruoawlsesua aem:cdneiuotoln etru¢taredntegrated with

at qgafare S8aEorF Srufe cBiomRRerdselatiad fom iR aaub BGFLR ofi 2n
ele‘?:‘ir%é‘%&i%lé%ﬂd’ﬁ?é\' h%pﬁéeﬂ@@ﬁﬁﬁq i rﬁeféﬂ@orﬂéctrﬁaﬁ% skawicesductor

onponents | ncl udi n but not Timted wave | des
chanmﬁir Ibgame rreetbmﬁw@ systems et tﬁﬁeélfefﬁeﬂtﬂfé/ie@t'mbrﬂf@

e o 5 APRA eorcr

e|érh@1t§ Cﬁdn@ablecsefrmebnﬂuctorcdlémmts agdiop hetesogetiebiis selml@omductor

oIGTheAS . GursPNBr BBt Sty iies @6 RURLBRE P op o gfhonal

métEﬁélS glich A5 BRIt s2bihRY Seimitoh8étors, tandutisreéeramics etc.).
el ectronics, photovoltalc arrays, solar cells and

Priaiablg semisandestor elpaents ieclederinle semiconductor devices and
coffieShEABThGHALF iching bAidt fimel RS pARGBRLEDS RS solar cels, pon
jurgtions, ghetdweltaice qhotodicdes, divdes) mmsmerseln&gramduwswtsl and
50133] The present invention provides optical devices
e9%YSdevi ce arrays, for exanple LED arrays, |aser
arrays, optical sensors and sensor arrays, and
[012t oTeddsAHeetiondl airRensionneiess totherdimeasibes ofa gloss secﬂon of
qual ity inorganic sem conductor elenents assenble
depiee edevigeerropenant ohaateriah Gress ﬁactt%@hﬁ'ﬂmné@nsm@%‘%
th@imﬁsbn?aﬁgf bt GANMBS G prtitatld g?ﬁl'ic%%ﬁﬂétok BIéRTEint.OFor example,
ry contact printing of printab
prigtablecsemigonducten @ements having & pbb@msmﬁn%ﬁrﬁg:hﬁtﬂctwr%d Ry a

e

havingian@fiindricad shaps arechasactpdzed )13 dlanhete afaltemativelyeadiys) cross
t he |gvent| on provides a new type of display that
segignal NS hges by the coordinated operation of

assenblies of light-emtting diodes (LEDs) or other

[O‘I 22] h‘-‘LcﬁﬁlthanhQIw orierftéd Ires bugarstvy pasallelidunfigormgios” neﬁars to an
gh definition, as those 25 on L‘tel‘ noni
latignpke

onsntamen svely i th%lpnmamweﬁ Pba PaRU PMENIS ﬁuaqh |2 printable
seH‘cc?ndW@%r%L rﬂée dr8 ok nﬂ@ ?%htl I,y%ﬁrﬁliel 108 sb!é\'ﬁfé'@ltdh@ﬁment axis.

rmed asse I norganic |ight
In &he caritesg ocﬂthxs definitiam, zsubstanmuy pazaite! to aselected|axis refers to an

orRFRBBR N, 10555831 Bosd RIA T BB By i

5 dsgh6adbharabddnaely meayoaattationd to inpart new
functlonallty to them e.g. stretchability. 30 [0135]

(07241 556 s Qe bies a0e aencep’ gro e Syrory MaZRY i e present

deg&'i;ﬂfo'nadn‘éi referdo tﬂé‘étﬂhtp |oﬁ§%élbruala§l%<ﬁwx%n dé\hé@bﬁb@béé%component to
materials (e.g. elastoners) artlnganu er of

betsiafiermeadsintaoa cuved shape w&powqerwm A &aunéwrpam&lasmtfoduces
s o i8R ! Pl s

defie8 Dt He¢i68 TREPpoDEa Ui /an23ebplary 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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mechani cal toughness and | ow wei ght. The invention is
therefore useful for a nunber of applications,
i ncluding architectural elenents and devices that can
‘j%gh% E%@l y conformto conplex contours of gl &,7,0 2959
RE for dofiES Ifcéﬁér%rla re ual to
th |o(ri15 }lpn d;'t%rol%g@%@ﬁﬂ§ ? ght eﬁlﬂgters Iggs? a

0.5a%e capabl e of hi gh-speed 5 operatlon and great
bri ght ness, enabllng effective display of images even

ot B e R A gl 3t

ve@rlmesmpera?fret bt whiels has alapwaeuadbdmelecmcabhi:rug?wuy@t a
arting, func t he ena t he
torppaTaices kAR 33 RENIN oI e orssent AbsTon. (Badrand e
sehmdhaﬁ?ﬁ ihteAed fbé @ovﬁ’éné%@HlCﬁltr%i?bf thisagfm ¥ the LagDOf

versat | types of displays (e.g. conventional
michoelectgnips anthelectrioal devieass f Semisonduatorg usaful i thepresent invention

fab
may A6 BBt s B g, il Qe e ahd Biamond, and
coﬁ\%ﬁﬁ?gﬁmclbhfag?tla% 30%33 gitﬂ?g\gg;?&iqoggd?gnﬂcwﬂuctors such as SiC
erating |i
ang jsuge cqratR §1-Vosemmicansuictars supas Al AAS, ARAR, By Piaso. Gans,

| [yl
Gl Gl A, MU OGP o st s s

Alxﬁasme;gwumtldll)senpmﬂ]:tors slugheas) CaPe S Cdl e dnbhdinSe, ZnS,

a3 BB AP B I Gy LA oy s o

PbiS; PHiTd and S8y Iﬁwr sefnlcdndeetess suichagst Plola)| MeSﬂmﬂr@aSedoxide

R i SR T e i o

gh@ﬁétbf&an&@ﬂﬂhéré 'séﬂud%hd[]ét@ﬂs thBPA@Aped Mt 61 ordflore selected
opt oel ectroni c systems with integrated optical

maiernqieneﬂu@ng semigansiuetpr hayiga p-tyes eeping @?atgswéf’ ang n-type doping
métgﬁélé' qg pﬁ%\{l@é 68n %SB‘A @\e%ﬁ!g%}s’ﬁrogg{t{e\%gs%ﬁﬂﬁ%"q_g@?apphcatlon or
devlncep Tag Sempsemtoeddwmﬁhcmyw compasite rpatetmalsobompnsmg a mixture of
SeTIGRRCRPTY AEY AL SO <SP0 e isaaraty ‘GRenal Uehfl gy in some
apbncmbné bt merpregeramwehﬁon lrictiidle, Bat are Fiot vited &3, SiEGe, SiC, AIP,

as 25 artificial or
A'&%Iﬂ$@/@$f3n@aeoﬁ@éﬁtﬁﬁﬁg 18P Ri\ss B3y WP, a%’b“%%ﬁé‘? nO, ZnSe,
zﬁ@“&ﬂﬁ”@&é& A& ANRP LRSS EASE00HHE 196S PSS Py POTE, AlGaAs,

bfovoltaic systems, such as photovol'taic arrays,
AIInAsmHnR LHaksR, I(ialnés,t@alnﬁl. AGaAsgh; AlGalgPcand GelnAsf. Porous

s oo R tBE el BN ot 6 e EHine o g iveniion in the

fle@%fls@ﬁ%@%dﬂwﬁt emwtivg thateriails] sdetyas ﬁghmnittmgsﬁm (LEDs) and
0138] Fig. 2 A E grow des schemat i c di agr ans

sﬁa&iasgssst'@wtws frremjeendustorimaleriRis 8F° oM #%"Pf‘gﬂs ions
anefdr %@%l\, SRbFAR4RS Qémﬁﬁoﬁﬂﬁab?maFér&!{éﬁth@ﬁ\séW@%r any dopants
array with iIntegrated optical fuser. .
prﬂl@ﬂ' to the semisondaciocsaterial.r gvpmmtea ase Uh@@ﬁifablﬁ fpatﬁiﬂﬁh present in

(SEQUEPE bt Byt P Beqrival'paciyl eutaRbioboics o

se&ﬁ&b‘ﬂd&éﬁﬁﬁﬁWﬁlé}%&ﬂGﬁfe&lO@éeﬁﬁammﬁmae@tb opjgenatarbon, and metals

ol |l ectors. Fi ws an artifi ca eye
eswgnalais’ Head mat bor stieS dids’ bit arSii TEEd g the aroup
of b%ﬁ?entfb&We@n%’épﬁBP&ﬁd Rad hthe ?@ﬁ&ﬂ@ kabllé&\Gahieurh 0dddium, and all
I'1ght sensing and |1 ght generation funct | onallty and
ionse ApMpeunds andier earerlexes BEraokD and phot odi ode
conmponents and integrated collection optics provi ded
on a.polyner or 5 other |ow cost substrate. [0139]
Fig. 3 provides a procesPdgedd? sicdgematic for the
fabrication of a single pixel elenent of a printed
i norgani c active matri x LED di splay of the present
invention. Panel 1 illustrates the step of preparing
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15 pl anari zing the device conponents, for exanple
using a photocurable epoxy. Panel 7 illustrates the
step of depositing or printing electrical contacts to
LED el ectrode structure. [0140] Fig. P(frfblszoo7/022959
v%(g r&onfbination of
5 i am asin i
maiertw that ean ba maidembaghaﬂedv\gemmaﬂyr when hqated tﬁnde'Dafdamﬁﬂ into a

ol e, TR Sl st B3R and B i prsent

mveﬁﬁtstﬁnbluaeSb@ruie dat Amlted®S polynichs, rdsing ard aélmlwwhtecmtaﬁwbs In
igure 4. TFT and LED structures are assenbl eF pzas?c
i

thqopreaentr@scnwwr\em"a plastinds iptande tanciide ComRAsH .
malo iR Som Bt ot of e Plpfis FifiBfic B oré 2aGANRBHT as structural
enhanws ftﬂem fiEé’rssplasmnuﬁrs,sstaﬂ‘hErs opadgditivas whichi maymtowde desired
E nes. g 141] Fig. 5 provides photographs
ch?rmce ?’eprﬁ’ﬁca!;\ﬂ@p &?rsatl ng current-vol t age
characteristics (Figure 58) of a .single pixel of an
[0 | {@adteerretdrdiala @blymerlonnateﬁalrvaﬁemeare bé btrgiched or deformed

oGSt B o RS LS S 0 L0 Bl O omers
coﬁ'ﬁe i d'ﬁrgé‘ sb@aﬁﬁéﬂg%é&l@ defFhfatiShs CEié?ﬂﬁlaﬁV@lastlomters %tseful in

I nt erconnéct s gure 5B provides a plo
the:presemt'ntek)tmenaaesomnmaae PDWH@W \PpPlymess composite gaterials or

B B REORI S, EGSFOA Bl M e afporsno o

leadt 6ié alastimer, (Elaﬁbﬁt@ﬁt: fyle)s gia@aiswudade dbpantEIagd ofher non-
provi des a photﬁg art

olagampigMaSRLS 0% Leulit e Biese ROk oo TRy incluge, but are

not ﬁr@%\?‘dl%ggeg Cfi)_la%ﬁ@gla@fbrﬁétstWeﬁ%gﬂat%?a@,f o@f’emd/tﬁatenals polyolefin,

1 US2007/ 022959 devi ce substrate and
polyurethaneaihgEmoplagicelastomers, iolyanides. syathetie rybbers RRME,

P
po 8, B0 Bnebish 25 ol SheBhop plyinancs,
po&t:hlommeﬁé:“éndl dilicones.e Etlistpmers guovite elastonfarici siampe aaeful in the
ne) for, high-current operation. Figure 6C provides a
p"?ﬁ?&? haes- of two pixels illuminated by placing a
transparent 5 common anode el ectrical contact agai nst

[01279 Hirhhsfel 86vicd” rEieds to/d\deviow brdevice mmpelsentfcbpable of receiving,
schematic for the fabrication of a si

reieq:@mgnﬁsmmlwrawgdnwﬁat@aﬁn@'ﬁaggt Qfg’% ‘3 %tefn%t&?' such as one
or FH(?@ ﬁ} tﬁé‘@ﬁhnc%nbhbt’d?éféﬁ{e@ﬁs tfi@dnsfe? BefiteS DicTunAFhd P2sent

ast oner precur sor onto a recel Vi ng
inveotiominelusie aonformabla ransfer deviass, BaNing eae of mgre pentact surfaces

cafARE PR3 lrb 50t oA BBt e

prédeft ietttis d?ﬁﬂfdm{absttidnsﬁre phsticularlg m!tleqmtecﬂ fqmmptamg\tatron in
cture onto . the el ectrodé

| LED st
conaRHRBVI 4 HERFIG! R4V FOmPIA NG AN Elaskane i CaTRie dfvte. Usetu
elds?dﬁmé‘l% tr&%fé%\{i@g iRtI6GihG AAE elabldPiRicrstamp, éd?ﬁposnte elastomeric

electrode iIs on a second substrate.

stamp crsalasigmerie fayeschlualiyof elaatemerialgyers andearbelaﬁtpgtfnc layer
conbigh T4 BiERAIe Pah e dass chranfC, AER b BayRePbittnty

conpression of a (soft) substrat e/l ayer. Panel 1 '
[0128] udiarge acd’ Indeﬁt tapamarepl sudhras the ased oha recebdngeusface of a

soBHBAA B o P, S s RESBIRBY o s

illustrates the step of activating the substrate
surfaces for
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strong bondi ng upon contact, for exanple via oxygen
pl asma treatnent for bonding 20 PDVS to PDVS or PDMS
to glass. Panel 3 illustrates the step of pressing the

‘Bg,} rates together, for exanple by "sang63bP%22059
[0‘@'% Oggﬁﬁfgﬁﬁﬁf co zEbt’t ?@fe‘fsl% @6&5&! é‘eﬂa@lfsﬁ@d peiwdedl st!ﬁﬁaces coated

ssure is ap to deformthe soft |ayer and brlng
sutfmest, aodionstdatss havmg materiatstdepasited thessan wiich may be useful for

ctric nt a
v, SELe A o PGS i 4y e
sefriisohduttor BRARINLS), orl® sulgstieid sortade. rialonefasheet| cordormal cahtact
facilitate contact and en%l‘ neer a str on%yr bon

injoiNes3 BOETOSFORC A4BRBNEN o1 41 GRIETS SRMIGH SWRGSR 4 Conformabe
tra‘ﬁQLé‘? 9@%&5@% ﬁéucg}té:@{ ?hg %ﬁ‘éfﬁutbgtrgtg %rﬁé&@}% g%;?t{'i‘fﬁce of an object
suplaas iavrintatile sammunduaadr eleoeghnincandierdisppitagonformalicontact

e o e S B TR eSSt b AR fmatie

transfes HedEe to 8 @ubStitBlsuffach leldigas la@haﬁumél@tdwta@hm Ut voids. The
passi vel y addressed printed i norganl

terey epnfarmal coptags lSdﬂtegﬂ%go b goRgIRNHWith W%faﬁst?m%@e art of soft

|It|‘§%9£ph§'8 CBnidh |%%%Qpﬁégﬁémﬁéf8&%yeﬁ%¥%? nd&tébake contact
provi esaproc I'ow schematic for printing

surfacﬂegdra coriforgable transfer devicriand bissbsisate surface olAltermatively,

co @nd' F&qttzﬂghm qlg?e 8§t85@§?1%80q]e&w£+rﬁ§}1%§{ ﬁ\ﬁ)ﬂ% Ecgatéa %?n@t;:t surfaces, for

ex@ﬁr‘pﬂb @éhtaa%qams:hahm miandies pexterihl oprirtabile 3emicanductor element,
devi ce astoneric

deNIoREPRIPONEaPBGI05 G ah GPRIIECINETERD: P12 eIPHIARE MRRSE device

an@’a SupSHAR § Lﬁ't]a%e %@%at@ely' J:é’rﬁbfn?él%%nfa’&? ?Qi@ &kablished between
cont act i ng I norgani c el enmen

oneezremo/remgrs ar c@ated camtactﬁuda@ﬁabf & capioryablg trasster gevice and a

s8R ) Shonh ARAE e, s fbroress
|aye¢3;bfepowmer fayer,diqaide thimfikh esthédbl y of the inorganic
elenents via contact printing. 10 [0148] Fig. 11

o) AgSee B 570 RIS MRS PPl v o

tradsfelr @l Cfsimm@ dlemérd smhés@ﬁmtametseﬂhmrwetor leleméntsto a selected
met ho a cartri atterned

posTipDailes St 19ihe BRSN DL EMBAREUFAEAMRORINIESUsh asipisctrodes,
or faiVe €6 selBbiah 3efioh of A TRilify bifAce Ciob dadement acouracy
refers to methods and qewspacapabie of wamfetflngca printaleglement to a selected

ook Bl A el e A BRER) o5& sbbtea region
of avaesahg @utfad:eﬁ@lth hpatlarﬁbhadoni fidrh%he Ebgoluﬂa& ¢oreect gesition less
schemati ¢ of an optical system of the

thamQeeauabip RREHEPRETPIRRIBTRFAp lassahal of GHAL R 20 GHiorgns for some
apEDc?egfogQ lafid eFBh Pidre ‘b‘réfbﬁﬁ)ly le8s iﬂHnsoreéﬁﬁﬁﬂtdB? ﬁﬁoroﬁﬂ@ sbe

on rough polystyrene. A conparison of panels
applhigatians. Tbe pdsesh nventien piolvises devicea composiagiadieast ore printable

di [l e diffuser can be a
elﬁ%%étﬁﬁq%fe&%éf ‘E’Bﬁ/&g&% bﬁg%q}?ét% raSc figure denonstrates
that diffusers can effectively increase the size of
[0t31g I mptmaiwmmgmloaﬂor{' mafsaq torR gonfmarq@upomf@moamore elements

schemati c of diffusi.n
wiERFoIR e "OhiR eey S doh R el BRdin (e aPablpt pibasating
frohPbné-Bleémdrg itd thwotﬁérséleménnf Elehfents aoptitaltommusicationmay be in
As shown in this figure a printed LED structure under

dirhek QRUICALCQMIBYNIGaHON A iBIeeL APtIER) FOTIMEaisatoR. wDirReLoptical
plurality of optical scattering centers. The bottom
panel in Figure 13 shows Rage 8$ef 8&ctional view of
scattering centers conprising relief features in a
transparent substrate. [0151] Fig. 14A provides an
exenpl ary epilayer structure for the fabrication of
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Page 39 of 98 WO 2008/143635PCT1US20071022950 | ayers.
The epilayer structure conprises a series of
sem conduct or | ayers provi ded between p-cl addi ng and

glgl 19 | ayers. Specific conpositions of gaGHb@Wsioso
jr?%t%ﬂ" tet¥S'to %tcrogﬁéﬁ’rraﬂoﬁbﬁw ShdRblefkats er{’éFezm one or more

esatableln atin nposi tion,
betahuscdt lem;)mi!gpemgmtailohtpmpagmamregtlydfom adlnstldeylee élement to

t f 5f abr
angiher itbo e opligacompsRanis 81 SePEh S8Ybf fofbirinadue bgams.
“ln@ﬁé&@pﬂcﬂfcoﬂwrﬁ"@mb@cfon\”\/@ﬁ&he bteihahd edfersr tbratafﬁflgumuon ofitwo or
GaAs solar cells may be produced b¥r photollthoq

MQIA @lamens Mhereip ong ag maie mgmszpf B1agagtic, @djation prgpagate
Viwes
behEERRkjeMéffs via Bie B ko BIGEE €BmpBhEs inclidHig B not imited to
wavatgmdesv\mbmodttccalamtmtshreﬂectprs fittevis| prisms lensesageatings and any
be produced otol i t hography and et ching
'Q" r}ﬁs&f{@‘fcﬁ CQHEP%‘QF‘ ctively renoving |ayer 3 by
a wet chem cal etch. [0154] Fig. 15 provides schenatic

[0T829TREPrédent Fiveation@ldtes td iedoliwyihg ﬁélds collectlng optics, diffusing
p?l xi | ation/ high degree of trans arenc

5. cUShiaS0 PIOK NG AL 3568, J8T108| GG SHERREFTHING lasers
(Végﬁsgﬁﬁd %'Pl% tHé?eéfhEEbe%n?aAgﬂﬁgs%erém FrahsHER: eléd‘lfbnlcs

optic m conpri ses first glass 15- coated
phbit@otiaic arﬂagw galdricefls and arnays thereefs ﬂexlldy @Iectromcs)

Bl ARG oD 55 Yl ot BEERvanspare

eldconics, Stegtchatsaveleatronips canditekitie eteetrpoiosli ng to the of f
state and the on state. A magnlflcatlon of the top

1014511 oft 5P BNEKArS8 oTRRY oBleh B8 okt ARl By, Erample
LED'8rraf, Gser afrhysdpiitaledsbisHid sinisbt airgys, and @amovolfélc arrays,
semn conduct or mcro-elenents: mcro-LEDs or VCSEL

- CoRyiEing mln@@g@rhl%guqlmél@&%éeramg%q{%@ewsmssa%ymbled and

mtggll“ag%bgb‘ih q%"ﬁ%r%bprﬁgﬂrg {écﬁnﬁﬂ%y ”REseraH? ﬁqe rﬁ%ﬁf &h Phethéd¥lof the

he wafer on were grown
préserd mveotlmn/ aric;udetdryl contaahprixtingaf pnmb(a@emomdupm@elements

RSIDbuG . 84ED ARl oS B i vt

optitall efiponenisqed., Iéhé afrays)rdridrlamation prétessiagetepsng
them from the wafer by selectively oxidizing the

oA Rt Sl Aol 8RR onertes
m?%é@@? H@édd?&mhfé@%d@rétfbrﬁof%b&ﬁbres &F |@ht-§hmﬁg gikdes (LEDs) or
sel ective etchin buri ed

otherdight GI@IV@!I'Q pegaliecling deyiegs. a memmm%h@h d&flmﬂpe, as those

onﬁ%&n@{i\@ Fﬁg\ t89 refsé?/f ?ﬂdg? rhégr}p%ﬁfdw‘aﬁmprﬁhﬁfﬁ%ﬁén in a way
sirBilarfto dootelseenti Ightsc The idvértionds éarotedrby. the (assajnblvuaj smef Anorganic
igRLEIH NI diicesy TRRbsGrS Aod Sssttisaly oAt EuntbtadRhpals, Ttanster
pnggn@é hg@btﬂéi ndV&Igabictioh pré@s%b@mw e Gdddtofpedform tisohssembly of

0 of 98
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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WD 20081143635PCT1US20071022959 mi crocel |l s are
fabricated in a dense array on a wafer. A stanp is
~brought into contact with the dense solar cell array

ghoé}ﬁg to transfer the solar cells fromt%jmfz@f,,ogﬁss,
me%ﬂ ME&IY ug’hﬁﬁe%g%hﬁ I&M %ﬁg’rﬁlt The MvePhONR thereforgwiseful foha number of

e solar"mcrocel in th e array are transferred onto
appllo;atnms; inciuding atmdeciﬂrad rlementg and devieesmihat samdynamigally conform

vi a .con r
o GBSO il oPlfind R Pl#Bos YARREFBIAE mosical
and fdsbiiriih@dstaes. aThe ight/entittéreqLEDspusetyare\dapable of hugh speed
i nt erconnection of registry of |c |, arra .
opgnam ans grea poningss sbing effeceive ey Siwages Bienindul suniight
(oﬁ{)g{a[, ﬁ&?é,&g The substrate is further processed
provi 8 electrode and an insul ating |ayer.

Next a nol ded mcro arrmg of mcrolenses is
[0136] eGheneve! transfer penting a ctheyabéﬁatmcwrm:q%ﬁeﬁes(@é&w pregent

invigﬁtgglggrll §{i(§iﬂ¥% néqoﬁdlr{@u}‘\l:@df%{yytr e g%éﬁlgg é b?éth'e?ﬁé&uction of
systeme & the inogntibinoagrcastsi lb\lveusﬁmatmm reljeirexpter mrbdme othet, hess
i nt.eqrat edf ol ar cel Vcol |l ecto

. hi -
W AT i (TN
an 6ﬂ'|éf'féﬁiﬁhhb!n P%@Gﬁ@%‘%lﬁﬁé‘néﬁ%é Shdnis ot inanevkritbh o achieve levels

Sln ecr stal solar cel , assovvnlntheto anel
of blﬁgrﬂngem !arge@rewwrmmnsmrﬁnms mecg@n@alaw@peﬂ@swﬁﬂwmg

I
iteQhEt BFAE resoRih Eolsiha Bl Eingt ard Aot ABfinie (7 BlTeR dtplal e
tedhnblogiest(liquid afystal mhslplgaylst ongahlmhltEEf.as dxsptaigsmorwgaet(iml LED displays,
571 Fi .18A provi des a schematic diagram (not to
Ca&‘@é?é?"%‘l’?g\ﬂ'ﬂga‘@géﬁ’&ti on of the integrat gd
col l ecting/concentrating optics (lens) and sol ar-cel |

[O‘FGT] apguad 1 providids £ 8¢hedyaticashowing Gistical systerhs pro»ﬁafd mnthe present
The collection and focusing of iIncjdent |i

INYGPRR E SDOVBY FRLTG Ty tha PHRERHEVBRIAN BoYeS & niber of classes of

oplicdl %gﬁem%memlrﬂﬂs Jf MG thek® s%t@m@Pﬁ\bmaing systems for

concentrator is focused on the active area:
lightrgemeeationi andsystems fos lighthadyestisg dcareprising prﬂtﬁ@ g}organlc optlcal

L e g

geﬁ?t@ﬂbﬂ systemshnsisdeprirtsd LEDedisplagsy mitreal BD devises$,grassivematrix
the pre entlnv ion, asse r|nt|n

LB pisp R actva mati ke cBspC Betes G Bs Stsins AdH piled
seﬁa"HdnH@étbP F‘aﬁskzPﬁrré)"'@a(1 @btlor‘iéﬂg c’éﬁfﬁri@ﬁ\b Ilgﬁt AiffLiSiAG opties, dight facusing

bottom al um num provi des a
optieh@nier ‘tgl’tﬂfl&@ﬂftﬂﬁntlcﬁu étg*%hawgsmwﬁﬁraﬁ inclygerseRgprsy guch as
anﬁfg{a@éﬁ? Egr?so\‘ilé aép:ﬂg deZél?ﬁ@ 8bny &g@%%gﬁ%égé%drré %Q& sphere confirmable
stretcaabielserracmwetor Ibaked fsemsur$ ,ardphotdvoitacaystems) sugh ae
o B et RS B GBSapes. oical

sy§téﬁ1fs' ot tied ?%bhﬁﬁﬁéﬂtmﬂﬁﬁ@uw giroehatsle delices hAd systems, flexible
pr oxi ma 400, As denonstrated by the cal cul ation

deg'ﬁ%ﬁﬂﬂ svﬁsmfargu igid deviceANGEYI¥BEed seni conduct or
wafer results in approximtely 400 ft2 of

ro1 a@? FrgthA\L@Eiovmeg [RRemafié 81a@?érﬁ§ bﬁépﬂéﬁt %’%ﬂ@fﬁ bf Meqsresent

he net hods and optica

- inveotion mmaesmnmszmwggmt@r;éwﬁetsOfFigme 2hy showsea prmted LED

e RGBS ERLE EOlIFAEIRI RIS 88 o ion

witdenﬂegmemodtlcsa] fibenss Figure 2C shows a printed photovoltaic array W|th
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[0159] Fig. 20 provides a schematic diagram of a
col l ecting/concentrating optic and het erogenously
conposed sol ar cell of a solar cell array

J ent/diventegration) of 5 the presemcrysonr/022959
m}:gk gl éﬁleéﬁ?é’mﬂgﬂret 3t Shdw§ Hh rtiflerdl b?é EbMdbr @BhpiSing a
are pr

I N opti conmuni cati on w
pnnieurpr@wqwdn;@rpay q@ axolieatingdense ririgures2ft §|POV¢~"eﬁ sheglgscanner having

e S P s a2

and iphptoiiodef canfiisorients atehintdgrated cetention @ptics previdedronempolymer or
focus functionality of a concentrator and individually

othey dove §Q8tFUDSIrAe- cei I's. Single crystal nultilayer sol ar
cells (i.e. third 10 generation solar cells) are

[0139) FRY. BYroVi¥sa %Yodm&v%ﬁﬁeﬁﬁﬁc foree fabriogubrioof & éiﬂgle pixel

neCessity of crystal lattice m smatch between |a

elarmentiof agyipteshinaiganisragtive matdx bERGIisRIgeekthg @rﬁm H,nventlon Panel

1 G S 1 5 D SIRREL h ubSI ! ket pusttes e
stdil of. spail:cmtctmndm awihesike oatthe patteraed sub$tmxe dPapeldhillastrates the
staps PRS- IBhsARE P ANARIBAN e FREFYS I SirdohRamPle using

cofagt SAMtnAC tPaMel Hﬁllt@ﬁ‘ateéihé fidepbéitig (drsyﬁhﬁn@ gisctiode lines so
ens array 1s used generate a neg ative

re
| asrp infercponrect tagprinted .trgnslgfgr istractyg- d'f"@f@?' §r|llqs,§:§§)qq1tpp ,%ep of printing

L"'t‘:%‘ga fire on}‘tg’éhe o‘r%r&“&ié% dé’?”ﬁ éo%(@émbadm%‘?ﬁ% tgonding of these

gene no- concave ens array astin
eldmentp amaevenmy mld! vxtelthngl e@anel\ﬁelllluitmtes:me step etmqapsulatmg or
sol ar rinted onto

pasagnoafe gyige SPmepneds: fr Bid G st AefBENeER cpory, Panel 7

mdstratelsetné stp hiepOsififig bPpEIRINg eléctricd coptactsatb teyy tHeellED felectrode
he present invention. ?016 ] Fig. 22 denonstrates the

Stfu@‘iumty of Fresnel |enses, a type of

concentrating/collecting optic, to focus light to a

_Y.[Oﬁ'(@c h@ﬁgﬁo@lﬂéiﬁ%ﬁhérﬂaﬁd mbétrél@h\(ﬁéitbf&a%y éf & BEinted active matrix

resent i1 nvention. Fresnel ens
LER displey cara wesst@ustme ophe displayshewncemnrises 10 gixels and is an

B, PGB, S ) (9 s, g

IinEé,ganoaé linbswad alafalires cﬁumdmaleenmnateﬂon me a’eEIT and LED
and c lindri [%]?? resne4 nses

0162] Fig. 23 .
SUBF S RIS AFSeTlashy? Brofng FOhAEMAIE LR oG B ATalp elesigmeri
sta?ﬁﬁé eRfefdl hhé’@au@@a‘ﬂéﬁﬁed Wite Bhado Maske ThéBoiten r.maé holds LED
I ght pi pes and/or wavequi des are provided for

strggtungﬁ data andygatedings, skyclues: Jdedop plaie Bgl,dg glge anode lines.

structured nedia of appropriate index of refraction to

[O‘F@ﬂt que tsr}ﬁ? ﬁaﬁé }Sh?teﬁra‘bh% '(QIQGWSAM&&%MM@&EWWOM e

e substrate to sol ar cell
characwisacs (feglhreaﬁﬁ)a)] a shagle pixehofi an active matgyLEDdisplay on a

B aBha 88 VR 8 SRR e U503 ARt g v mar
LE*EEQSpIﬁ? cghp9|8ezl~‘, M‘@nﬂﬂﬁﬂ‘ EHB?G&E\@T btumgtmga@g §|§t|e eIectrode and
clgSyraaL e rea0RRss. BN BB PEOIIRS & Bk AECuE (ALEES e bias (V) for

thé Qﬂagrp@p&ém a%cav MalBELED HdphdjRt | ¢ showi ng an

exemnplary prlnta e silicon 'sol’'ar cell fabricated

using a silicon on insulator SO wafer. The %%Ié;!r cell
[Omipgpgsgsp@vmmogqqgaphs of a 64 pixel active matrix L isplay 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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5 surface with a P/As m xture and is supported by a
buried oxide |ayer of the SO wafer. Figure 24 shows
the solar cell nultilayer structure conprising a n+-Si

v&@éﬁinkﬁyer and pSi (B) layer. In an enbodi 'B?ﬁt/usz&d?ﬁzww

devite saBstraie and chabé maauaaﬁﬁﬁa@é@@ln th%.t §Ub%tr§fé0tlﬁ\tﬁé aém@e shown in
systemwaarret od rTErISIn(_Zin:e steso

Figsise 64y pixelg are @rMeda%t e RECTSCrigueiB eprov1¢9$ a@mmgr@ph ofa
o5 i b o1 o960 (e RN GPECH AR Bperation
Figure BCrpibﬂdes ag:hptograptbd:famcmmS ilainast¢d by placing,a framsparent

exa e ndercut etch essi ng wherein the
Coﬁ'lﬂ?q tf'%?ij gpniagt %@'%?!tth‘ngﬁset ched t hereby

rel-easi ng the printable solar cell structures; (iii)

[0143)" F@vm cpré\h@essa brdéa.ss bW %bﬁ@rhﬁtléfdr m‘é fabfiBatidnas a single pixel
exanp e usin an el ast orrerl C

elqr@erﬁ@ﬁamm iAPAgANICRASFVE dRatEY LE& disraﬁy ez’gmlﬁ@%fates the step

o B YSAAAT 3 B7 PO OIS S Bt St

Aftet spintcastig nw@iammmespﬂesuusat layenistat deast paitiatycured. Panel 2

SHAFB o i 356419 BREH oL Phbb Lo prning an
ILERYRtrudtiffd érito e eleBlrodts BerSéxainiile TRt doPET! pfikting. Panel 4 illustrates
transferring prlntable silicon structures. havi ng ba

Kk
thegten of |asrinating the dop elestredie syhareinithe tanplpctrogieds hdused on a
sof LT T BRCEURA SRS AHRySSBb A8 Ut g £p
stracteag. (vi) annealing the solar cell structures printed
onto the device substrate to activate Al -doped p+

{48 8, 7 465 Ao B BAEHAG ot onac

conppassidni of@ (soft) sﬂbstrtate/layér Rertehd tillustrates thé steprof piaing a

CoRRBREHeEn S RY b A 8555 01 Ao Pt s SlasmeH Biepatiemed with

mt&j’rﬁfb‘a élécﬂﬁbo%sS'P@Nél @ﬂhhfr&t@b@h‘é 5tap of asfivatitig e lssteted Slirfaces for
array and (v) 25 integrating the concentrator

sir@rpﬂ b@@dmg uaﬂn gentact, &f@xa watoesy@errbpla@@adfealtrnent for bonding

' r
POMISICPERISr OMS RiqiaRt. patit Slenpteeansil Gftehing the two
sunétrattesmgbmen fngexample ruyé(baraivmdhlag” tbeldontp@neubsln ithis @rocessing

stef T R TrE e aPRIER 1 delp iy st Byt ol piia e o surtaces

inté ubﬁth&tat@rterfb%naih@vwml dledthcal lcoBtaceis rﬁéxntdm@w @@ld@ﬁl pressure. .
is contacted with an el astoneric sta

Pagekiystrates pisimipyiriosespas sf@v‘mla\Pa@egg,t l&lmm@pt&o@bﬁ#at features to
I
faci\h : g@éfﬁg# Q%(ﬁén@fmféaffge?ﬁd%g@hﬁlaéﬁ]tgﬁ? fbr o I vaa reduction of
stress canceatratiah points. a netal | i zed recei ving surface of
the device substrate. The elastoneric stanp is

[0%32 ? ﬁ@%%%ﬁégﬁétléﬁ (S tttﬁ §cal§fs a mted passive matrix

printed mhdrgachE[I dlaplaf/ eAsahowhdn piguné 8pthe display cmbhsdsoa bottom

sulslors; deciedebuodobipten I PSR A0FIam fusTol.

regi on. [0165] F| g 26 provi des a schematic di agram

[0146Dt Figo9 Ssralides ph@t«gﬂa@h@ df passivelyvatddrespéd phihted)inargasio LED
exenplary configuration for top contacts to sol ar

disglaygaeray$ °Ft9éaﬁ§raé§‘ef|ﬂx'bée PRJsvbstatesMm crosol ar cel I's
(shown in gray) having wi dths of approxinmately 100
m crons and | engths of approximately 1 mllineter are
provided in an array format on a device substrate.
Metal features are provided having w dths of about 60
m crons and | engths on tiRager38af98f 1 inch. The netal
features provide the top contacts of a solar cell
device array of the present invention. 10 [0166] Fig
27 provides a schematic diagramof an "artificial eye"
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20 electricity using a sem conductor device structure.
The nost conmmon technology in the PV industry is based
on single crystalline and polycrystalline silicon
v&@%g}%ﬁgy Presently, silicon PV technol ogypdiass6i7@boso

[OVH] EFigah 6 pesvades a Proces D ech@hatid 1oe plintingahbigahienightiemitters
of the buI k silicon materi al In conventi onal t hods

aﬂéGPll“é‘P"?M%F‘P'ﬂﬂ@'%P?"@B% technipup. Panel Liiperales e <ipp o
ev?ﬁ ﬁiﬁ\eﬂl ‘??gsﬁqcﬂ 'QBE@} N0 ref&glc%rﬁo é‘ﬁ%o’?@irﬁ@é@%ent disposed on

rto I na . Typl
a tranisterdeylcez(elgl ren adastomiedo cstaemp)arks smwtrhe pandket metal isalso

v indiiH (BrAENGn shithH 8 & SubeBhe.hpasiZ)biCER srep of
coﬁt@bimg he%tarhptang isetganic Bldrentad @édeﬂhr‘ig s@fetephnd bpﬁonally applying

total material cost 42% cones fromthe cry staII

heatorressure 10 indree eolgowrifiag Oémaetal ft}ma Hﬁaelr?eléwratf%&“@sqtep of
rerﬁgﬁﬁﬁ&éstﬁ M, e ﬂe{%hfﬁﬁ@?ﬁ tréﬁ‘sfépé éemb?)%/%f the inorganic

ogl e st h yst errs
elqvmrﬁsvlaadonkantphm cost (due to less active materi al
usage), and al so have the ability to be deposited onto

[Oﬁ(ﬂéggﬁ I1 7 %?c‘?;}é%egst %ﬁr&c&g%hgw\ﬁ%&%%c for %riﬁ inegx .e%ﬁi.httjé(s of the present
mv%ﬂﬂ&ﬁ &éﬁ@&%& cERAYe ARPESA-weny botdingitechnique. dmiids method a
nmnrumnratenahésuc S anor pnous S|f|co(r§ﬁ E%Hﬁ‘i “ ;
cateiqigq isinadteneghmuth al strucliyes ArgRiered AN de tatiginee surtace o
thd % e. A §tanipAs 8dedo Fa%'ui) théYL%lﬁ %ﬂQ&éFésaerSt%bhuently print the

ficiencies of 19.2% the highest of
ILED Istruetyraseon & sabstrate menaﬁﬁmdewltmelecm@efle tansfeppenting. The

o Gen) 0GR 11305858 A5HAE5t L0 B P appsam

usingdiis néthd@% Cheaper thin film senm conductors enable
mat eri al cost savings, but induce higher processing

oL BeE o S S & e SR BI85 hon

wrfeﬁém@ifﬂlsﬂfgeomkgﬁeé ﬁ\@égréféﬂ \th prirfable LED §trdotures. In this
assenbl y _substrate é0169 Ideally, one would like to

embogimeRt, PRMS;isipplde ppgwgh POSY 08N &b eynearisofyqf panels (a) and

(b)'E%@v e lraby ﬁflﬁ‘?cgreﬁr%ﬁn %f‘? fﬁfs@?m‘ tﬁﬁﬁft gélﬁysféﬂ?""fﬁ@ dfffuser can

e, Wth cost exl bl e
beraamugb nudldech BDMS striigtune. t%h@uregieamnstratesrihmfmsers can

eyl Aot YRR 1 1 ANl RhnT . 11 ont bl ¢ ol ar

nodul e with both high efficiency and | ower nmaterials
[0150]t Big. $8 peavides & sehigmatict of difumngaomlclsloompnsnmlgsa platality of radial
se of

defsiyrereairpLseatiorins saniers rablotFkg 18Rt uatems of he present
invehfibe- A5 shBRn & thiPrgdre ra?d?ﬁ@d EEDastrueiré indédaeRl isgrévided in

resent invention provides Utra Thin Fl exi bl e_Sol ar

opfieat comrmication Wit plurality of eptisahesaliering 5eRtgEs: | 3he bottom panel in
qu‘ylré‘tlﬁ%%i%'ﬁhgés g\%tlgnallvue\ﬁ'blf %éﬁtfseﬁ‘llnp%ﬂtéé ?&?ﬁp@%ﬁ? rélféf features

crons rystall con sola
in gtransparedt aibstrate. on a singl e-crystal silicon wafer.
The size of this cell is nuch 20less (e.g., two orders

(o ERD PSR A0 % hRGRERH )8, SR 15c e fprgation of prmabe

miGoLLED$lans shmgimmxsafghrw e hapilhryfér struetued compriseste serids of device
100 m ¢ fr sl, in so (rj]e P nF F

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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2. An innovative mcrostanpi ng process which renoves
the silicon solar cell fromthe nother wafer and
transfers it to a flexible polynmer substrate; and 253.

L8RIsess 1 nterconnect of the transferred Celltdvﬁngﬁ)(n/ozzgss)
laye?s. NTH éplfdyeﬂétnhﬁldt‘é' cdmprises a8dries &f sérﬂ%%ud\@ﬁlé‘j&é provided

syst ens pr esent 1T nvention utilize a
bemeam—c@ﬁgmggawdhc!addmg layers.ngpesific-eerapesitionsf eaefd layer in the

enfifieh HPesBEate B RGPl 5 Ablied A0t ey W thpsiton,
il i acloi 2t bty e
fat?ﬂcgﬁ%gfgprggblﬁéwg E&Sﬁe overal | rrpm)dgl e asseanOy costg

(conpared to conventional die pick-andpl ace

[01523 hFigaike $4D @Iﬁjstrbfé'émmﬁle Bt ﬁhibtﬁéﬂ W@feﬁﬁdﬂnbﬂuch printable p-on-n
trans er prl nted in parallel. Pag

ma@dmcﬂmge@opqug@pﬁm@d siihing Buers 9 through 4
t :
SN 8 P SRR bt T

appl i cabl e to a wde variety of high quality
[0153] s Figurd t4E dlustrates previdessanatbensxamplegf a mﬂthen wafeéinom which

oA P8 ARl BB P Pedldoty Mlqipgrspyragienna

Iay(e&%ﬂrou?hﬂ 4andi Sl evtivelg oembviag ilayer Gfbyanwet ¢Hdm|ealtémm
solar cell and a pol yner substrate provides devices

IR T N IR M —

degfée%fafaasﬁéreaéy trbf |6wqmqaétos it RPEized k. JTBD Mfidon fb@tb?&ﬂ) LEDs.
ure rovi des a schematic of a process f

I o
~ As(:ﬁ'@wamm i pagehotibistiigyre, dhe patigal gysem W@par(o@eﬁ"ﬁt glass

cogfyegiaﬁ‘?gfr w‘,&?@ A fEEOP netd] Y %H 19¥er Qﬁ) Op?l?\‘?é!ﬁ‘nﬁd?o CEDY &nstures; and

i's processed so’ as enerate a
(iiipd secdnd glass cadted £ ob asmd-ﬁﬂfantwuetal mesh layer.nbop yiews are

or e SRR IS 0 L i 8 B b E46€ op vew
is @ik6 pravitidd shivadieg frRCpdsitioningodfiniero KEDistracturdsst rat e vi a

contact printing using an el astoneric transfer device.

ofRs} BE: 18 pedidesscheniesdaeie 1oeace cLpiiabB Bk ity Borganic

seﬁﬁc%‘hdgétopﬁﬁﬁfrbfﬂlélﬁeﬁ@d AEBELEDS 8F POBELS! Sch@mb Redescribes the
m crosolar cells, and optionally |ight collection and

relgaseceruchtalemenistiyancapaitating themdna palymgr, efg phatoresist, and
relgjcr?ég FH;Jr?]ré ﬁgﬁ\:’t@g v{azerpé)lf‘%/ﬁ%:b t&%ﬁﬂﬂe @HoWn%e?éﬁtl%ly%%Hﬁg an
ALiGH#, As OaeoteTD % psdaifiviablageduding hydraflusrivrenid.t Selteme 2 describes

relE34 b ArAsRUISER e I REoGRRELFISleEHia o Sc Pl Careigge) ana

reléé%iﬁg tum freaY tREREEr by sdib&ivelyes@dizing e AIGLAS arldetRing the
enbodi nent, for exanple, the thin silicon conmponent 1Is

oxidizedinalataigrsingaguanus potassium hydgxider iSchemeys @scr'!?swe'ease by

| I
ongAfu BT I b} GARAToRRL KRRy sleciveetching of
butubd Mads sactificialllayes qsmgtamaqtmwsamme)eﬂcmlccacitbmxbhyckegen

o S LRl B9 e

frofrdhe WitAt adidftidsed 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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25 sinmulated Si cell exposed to the AML.5 standard
spectrumused for terrestrial -based solar cells. For

t hese cal cul ati ons, we assune that the |ight nakes
wHbRE143edsal passes through the Si |ayer (Oncger/us2007/022959

microcélisedre Yabrivated infd ¢enseedrtayasn @waddrf Aodtainpds bmdght inticontact
in after subsequent, reflection off of the front
W'tg%ﬁ%f’enﬁfnﬁp'i"}%ﬁ" ey Qﬂ&’aﬂﬁeGrfP &ansier m?cﬁP'%ffceﬂ'ﬁ & OE\EW* waferto a
9 [ |
tar?ﬁt'e WL})/ a"{qsgﬁté aﬁsﬁhqv@gw @%J'?Qn??s ?{E o%&?h@%gée g er{he array are
tramsfecred ontor badank elettriode pétlneu tamet assembm sebdtade marqos\tam printing.
& present invention to th sire

Figk 17 PTENESH 8 ecleRate frobResiia AlsSra SuSFRlid Frfiiion of ntegrated
soléﬁb@lt/d:d"@bwr hhay# vialisteFdemhetlrtieof46gistry 8Ban ¥flical array. As shown'in

2008/ 143635PCT/ US2007/ 022959 | ayer is due_to the fa
this figure solar eyjerocelisare; pitac-en agargabsibsiratesr Tha sumtrate 'S further

Y

pro?ég#cgig) %r§+ ?Ié lﬁ"r‘%ﬁg {algél?}? r?d Qﬁ rﬁsﬁfa;tlﬁgr%&? NFgltl ‘é éT&Hed micro array
of midrolehsescis itegraitedd into Melopnaailsystem sucinthat &dimisns Emthbarray is

bR B4raSRE o BB S AR I locBl P S0 o s e
prozBesviow difiardniiusiatih@ tHEd peraticH ofdhe Atk ratewszﬂarrdem@nector
stacks useful in sone enbodi ments of t

arrays, elfithigembadigent, eachmigiolena ppijgptor/concent?ator is mdmdually
adcﬁ’deg?ébséﬁﬁ‘aﬁﬁdéﬂg Qhérﬁcﬁi&:ﬁﬂ QbQH@ﬁ cRstARB8 ag REAI, aJseshown n jn the top

processi ng I nt des ese can be conve
paneitob Figurée 48@. s°d$cashaym Insth|s[f(ng§1reFthe\fnoonslestr¢des ansulatmg layer

+ anf BRERBEddE o Hiorh KBS b1 el aog Beggction of

surdliglt withfthe ioptical syétem.cn2) . One of the major 10 issues
with these trans%’er techni ques are cracks and defects

LT, S e e Yol o o o
intéghi g com?ctﬁh'g%bn@éﬁtrétﬁ\g' dphiey ﬂéhé()eanoséo?é'ﬂ&éﬂ Qirra% @F 88 %ptlcal

usi ragfq di et hyl si I'oxane (P mat er i al grip
SYSi@TH ﬁ%@ﬂeéﬁmtlﬁ\ée'ﬁioﬂl dbe qolie%tloﬂcﬂ gusing et 'ﬂﬁlﬂ@nt light is provuded
o WA by B LR, R i 6 g U6 ota
corxeatrato issfedusgrhon thet aative area sfpspented rmicrogolay eell au:iressﬂd to the

oo SRR A e BB B 1Bir oo
thealeviteUdlibstratel Filuire BBt sholRUrAgkpandel MBWeEH 4 Micto$dlar Blieof the

to the presence of atom ¢ oxygen (AO . [0180] After

presenl{gyartiograssamblgd via BHAHG. t Q%ﬁfpﬁﬁ'wﬁéﬂn'@ Byenhfusture

coiiind'af afiffeiciitaler I (et % fifofidh A & btin R

lay@0 are connected in a series connection. Fig. 32
‘provides a schenmatic di agram of a connection schene

o837 g 6 iy e B A

strattegues bethe preserdhvention fordightioampestirignda ceumticm ohsemiocknductor

mafirpisiossy faSatike okt oL Tn6 chlledien $ifk & appraimately 2 mm, the
solMéll@'ﬁd%%brcﬁhﬁ&&lM‘@ nivh- hhd e sreh esuIfplicBid @aso 8nébllector

the top panel shows the EConnectlon( direct-wite or
é‘i’l'{qif

areg @ngd cefereq))is appmoyimalely 460. Rsdismensiratedbiotie gadgulation
r
shoi A hiskigure M1 frBCecba SSMGIrBET WAl Byl pBRAERRtely 400
ft? ofﬂlgbt-halvestlrfgnreex dinysl mlcwmmrmmmtmesmamengetpod& and optical
has been used to transfer gallium arsenide. The use of
these materials has been denonstrated in concentrator
sol ar nodul es. Fig 33 provides a schematic of a solar
cell array of the 30 preBage 4i110§88ti on usi ng a PDVS
concentrator array for concentrating sol ar
i1lum nation.
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Page 47 of 98 WO 2008/ 143635PCT/ U52007/ 022959
11/162.1 ti ULK crystalline silicon is seiiing tor over
4i bu per Kilogram vresently, silicon plants are

v?@%o@)g #5y ine to neet the needs of both the FMya&e7/022959
sy %H%Ttﬁé Bfé%@h?mkr@ﬂibﬂ ;5rb€iae a ﬁlﬁh affiitnc¢ aRa i céél@ébncatlon

even | f Ik SI costs pre-2001 val ues of
strpe@yifgr high peefpamance mwwalcquesmrdeﬁyﬁtems overal |
costs wWill remain high. As 5 nentioned previously,
[O‘Péﬁ ?ﬂi '263*0\??#1%':? }é(sbﬁ é%tr cggig @S(g Iﬁﬁ%‘”c?%c% m%%ﬁé@!tﬂg{ti@& optic and
hewbgenomlwbdrimsedcﬂodmmeﬂ of alselar ekll array (sinmpavotent/tiventegration) of
he fi The present indystry trend is
the BiasenbinveiaRb A% shqun afisdgucs, YDlSGHint AEE SisGrguided ipoptical
coffirftiMéationSkith & niltidé pRéSophRie did/Garsémda BylafeéiPand Sifiéon solar cell
Currently, the thinnest Si PV cells are on'the order

assembledl ofl the slevicersubrtratania contactaANting o Figwrel 29 Rigoreyides ray
AR S il 9 o PP FLole 51 cBL RFAORASES concenttor
andi m&wﬂaalimdresﬂed smw?ellﬁs Girigle oryatapnmmlam sblar 66l (i.e. third
wast e: 6%oteo con i ngat
geferalon st celie)arS ey 03w by RIGEURand A tenrBhesiby the
neRBSsif)fof ERtATIATIS nidthatkh Yefvrien |a¥é}§ $ buEsystém dRferént absorbing
costs are estinated at $0. 40/ W 15 Consi dering t hat
layere can haveaebitgany|lattiges and the matgrialssplacted for gpiimalapectrum
erials costs for such a nodule are
abg&éo F%ra%#% '%84] For the present UTFS technol ogy,
the sem conductor materials costs is nuch |lower. Even
[0180jufig: § 1 proxidesa sthaoatic plocasaiflQw diagnamifer fabti¢ation of an

g b S 4% R0 AT G Bl §RpldTaBiding methods and

coﬂfﬁcﬂﬂrmtﬁng Aestiowr2 Pt this figatd & masted leu@htraﬂ isafsedhe generate a
Il.1con; In t he

fect, ' | ' .
negitite Rl Aol o eXartie i RO RGHPBATLEpr Y ABee tefiaves. Next,
thf| ﬁ’)ﬂld&ﬁPva@ﬂlﬁ?&r i$h@edtd Péﬂ\é?ﬁteoé Bléﬁéscohaéi\% ‘b@ﬁlrﬂé?%ns array by

Iftoff of the device elenent fromt
casting theznalyraen agaimss tlse aeqatwe deplivae dAaﬁhowe lruﬁlgumy sglar cells

o 16 RS 4 FAIRE, g o Wb s

arwywasnb geinetataan dptitalcybtenbof theleesent irveatios f rom

their nother substrate, it is pOSSI ble to performthe

[O{'aé{]t Eg ??Plé%‘%]sﬁrﬁgersl tl€ aﬁ"ﬁ’lo dPS \Fj ﬁérifgg S%&ﬂei ot bondi ng
coheémmmglobﬂeair@rm‘b @rfdcdshnegrit & Q%tna‘ﬂld@éé :cﬁtéeﬁt;dn fight harvesting

tween the el enent and the sta
S@@f’lﬁﬁbes&&h%% Py the greseRt Igyentiep- ng%ﬂ@t' Ie.%@g{aryglcgn deJsed as optical
coﬁ&%ﬁ? G3%due tb ﬁen?é&?ar@éqébgﬁsur Prééeédgﬁ% thinGofth %Fand light

e coated or uncoa ace t he t ar get
weightcompacechwiih coaventibhaldeesas. yFigi Zthshewvea zmaéarea measurement for

sofielicl PRREIAPEE! SesobleliB o s  aces of the e erent s

and the top surfaces of the target substrate to be
[01962]f F(g Qthrgvndm)aisbhémamabgmm alugteatmmraoptmi sysiem of the

%‘3 EI ! eﬁe 9nzop?@?ngbf5§ifgﬁ§ gnf or wavegun es aregprowded 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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Page 48 of 98 WO 2008/ 143635PCT/ US2007/ 022959
considered in this exanple are extrenely well situated
to meet these flatness requirenents, since they

|l ements with polished back surface @hguda7@8d
ac%ﬁ?gi Yﬁ?sséﬁar EQ%U(‘.’H ilh|at fHeNighB EolCtaRiby é&&%&@@:ﬁéﬂé @i?réétéggto the

34 provides inmages show ng
solaesell.t s of prl nt| ng single crystal silicon onto
5plastic, glass, Si wafers, InP wafers and thin film

g T S | NG o
05T 28 A, SR BT b hEeR SR sicon sl el
fatsichteﬁrtwingsa s{li6aBah insulator 80bwdfeneithe sblae cell emppns&seaidoped top
ets', ar

e g ) ST, B b 7 Y01 vt
Fi dr'@?ﬁrshaﬂ@t Solgr céTﬁﬁhﬁi[a e?élh?étu@tc%mﬁﬁﬁ\g@ht 81 (FYAs) layer and p-

resent e surface of the "naster can

Si(B payecatl@ anwmbommeetxtheemtqoyl selagieefl |ls:|@$sembl% iha photovoltaic
vt FEATHR 9 5568 Sho HE B 6 TR AL, bR SRR Rl et
forsdxampie using#®RRIEss01gk ¢o Uafyra“themwpsalrmnhensmns of onéhosmore
ol S5 S8 el d S B S lfres. o el
VIa"JFIF Whaedsut Stch PREddsBmYy WikitbinaRE butiéd okible Seyes & éelédti&myfetched

present invention includes, however, use

thefehp@easengswsrm@tamgsolgr 6%l steucturesiddd retdaying ﬁ%@h@% printable
suERE Y R B Aol ¢ PORRSY Sl e ctes
witBdhe releasudgura'pdrblé golas seltdtmcstundsfandﬁnﬂlegtam from the SOI substrate,
thefen BagaioB e PHMERIE T TRl BAR o i SpurlE Ity

elalst&ﬁérﬁ&)été!n@d ( zdéﬁéﬁfrﬁwﬁﬁck Metallizafién of mbxpnn{dble‘%&dlaﬁcen
[ ow nbdul us materi al, such as PDVMS, is used for

stragtueas, farypxample using &Vib Pc\B?lprWnakq!e@sﬂmmﬁthed%.(Y) transferring
pritifbf sifi t{f %%é Ha@uh@o balk m%‘l'élﬁi%ﬁlia %o} BHe ?Iastﬁmenc stamp to a

sem con Vi ce tomponents t1ona
métalymdsdQWmMram viatcootact primting; ogln@naélyﬂn eembinatiery ity a cold-

et Bfind 3By, B CarTFaa i thel St st &3 Gitod BfY 8 Bevice
susstfdte wmﬂ/&té Al- Qéwem)pﬂ ﬁéﬁt@”ﬂ Stvu) icasirgae nrfiulamngﬁplmazatm layer on
observed under fication mcr scop 2 ({th
the prapled Salag p@'h%fﬂ&ﬂérre ijg %s'm@togr%%ctﬂﬁa gpatacts onto the printed
so?g %@ﬁ/ ?t?l dxahipi ngé h? dl édﬂr%iﬁ of ihoRlitHegrasHy EHdPé\Riporation

n an e nment, r|nt|n ssterrs
prmspngs(ev) dapositingnp Sishu tanmaectgmscqg@ng mnztbei splgr cell array and (v)

int grghﬁ tc&a{c@pﬁét%ﬁ Pﬁﬂ‘tdse 88{éh g%é {Wé féf %G Lﬁe' B@ﬁf tE MiFo-solar cell

arfagunting jigs for these stanps and transl atl on stages
for noving the substrate and the stanp with sub-nicron

rofi° Fir B erolices cseheBite prodS SRt dterefL Tgipg Aetiod of

transf@kﬁrrqaa pﬁﬁﬁblepsmérl d&l to StiBftfate eamg(c@htau: ;snmmgsam Sulisequent cold
a OW mul til evel reg i stration.

welding aracensiag toaffixithe g‘o@yg%lbwsa q@é%sulvsrvaﬁ%e% sBQwp in the figure,
thd BM§NEdIR8 cSﬁ%g%ﬁ‘W H‘g%ﬁ @fa%an déj@ ét&ﬁps(élbs'i"mﬁg %th;S)h A thin gold

sl zes up onor wafers
laytd:r aameuded tp thecexteinat aleminum dayes gf therprintahle sglapg@b Tiee surface
of ﬁ'\e so?ar 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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WD 2008/ 143635PCT/ 1152007/ 022959 acconplished with a
| ong working di stance m croscope and CCD canera that
all ows alignnment marks on the surfaces of transparent

wo 0343k be registered to alignment nmarks opc#6€007/022959
frof ﬂﬁrs\%@? Sfegtﬁlg?%hﬁrérﬁé'féﬁf tﬁé’BﬁﬁtéBlb%‘blarEBﬂ t@%tdefv@é substrate

can posi tioned and al |8
Fmauy shetransfesed sglas celhﬂameabdde activateuthenalgminvs deped Edreglon
with newtypes of distortion-free conposite stanps, is

O 4 D TR YT ety o

pamllreiblorlaa qxemplam gob@gmaltmrefoh tupcpmﬁaatmm sqlaoarrays of the present

IR Wt SE5 oA I e ol o A3 100 microns
andTOAGAE bt @&br@knhﬁt@lyﬂ Qﬁﬂiﬁrﬁﬂeﬁhrﬁfbr&h@éd i é?ﬂam)éy ibhﬂét ona device
systens, is useful for fabrlcatlng and
SUh@é@i&nMﬁiﬂ" toatyens aerravided rayingoyi thsgﬁtabﬁ @t%mss,and lengths
onttﬂél o?d‘ér%'irqtlh Eﬁﬂg n\?\%t?ﬁfreﬁow 1 biofide QRS o&ic{brﬂ‘a&?ﬁf‘?%glgifell

' 1s conp St rranu urin

device amraqmltﬂie pilesbnﬁavemrdmsyst ens involve fabrication of
conformabl e | LEDbased thin film-lighting devices

[Ogéér]dﬁgg& Ré’t ﬁ@ 4 S Bt ugfgoa&fs%ﬁw]:ﬂiéﬁs‘yf‘?hg%gegEgﬁgélreofjtée current

inehE68SThe genébmiovnpmes AAGGTgASE lpnato@fod@rmmedmabmed on a lens
and planarizing materjals, coatings, and

| ayer
haxingspberical SHMRTWE! Varigpe fansshapes n@a§9'§§@¥¢ Sh%n iy Figure 27.

| FI%?8 Pﬂﬁ/ cH}' E%Séﬂé %H@'aH{ iﬂéstrétﬂ the! BRZESs BNrabpfy 4'PRanar sheet

aspects eterm ne the device
arelgxl gaphdrisal sxpmefdam@rmlatlc@themecepsm stretehabiligr in an exemplary

AL sBhod SRR T RSB B Ry nd SR s

onsuptieriztlagceivingl sudfaog réduiressoakt degred eestsetclnabuuys talavoid failure.
the present invention to fabricate confornmable LED

lighting systens. Figure 35 shows a schematic
illustration of an exenplary process of the present
invention, as applied to the printing of printable

g@mﬁni OltEThin Flekitile Soldrd5TES) BBsiced had Methedser  of
the ink to, and from an elastoneric stanp is affected

ot RSl b P S e DG B e AL VAR o gt mo
elébfmdﬁwsur@% séhicBhalietsr deViEIStRUCture SThé RidY 6émmohasetthology in the
ay the role of the "ink'. This type_ of Frocess

PV @daatnaﬁlb@seﬂ OffeRingie: paf@ta#gwesam raqiymmtawne gilicen teghgolggy.
Prﬁ%ﬁé&?ﬂhé’&rﬁ Py 't@élﬁbﬂ!qui ! ﬁl’éﬁﬂﬁ% 58 R0 B ﬂ!"aﬂlvgly inefficient

m Cr ons, nesses betwee
usemf thecbuik siticenimadsriati ln mwenﬁibnat methads, botk crystalline silicon is sawn

g B3 VB e B RSB o e

fméF rﬂﬁuulég Wg@hﬁﬁ&lﬂc@@{aﬂm@efﬁéldn@mww\@t@dewﬁf 159%, ngh
hin flexible sheets of plastic. The printin

perfgmp@mqe@ single-Givetal siligan 'ws %ﬁﬁﬂﬂfﬁ%‘éﬁ%\”l“ﬁ?@% gfh‘a?ncv For this type
of E%IQ%?QS??@%“% QbSEis A hatGRIOANY of At t&hl MateriBfcdid2% 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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WD 2008/ 143635PCT1US20071022959 transfer process,
together with m croscope based vision systens for
alignnment. Figure 36 provides an image and a schenmatic
V{,&kgﬂ@%@}g on of a printer useful in the presgitysi07/022959

19 bng@hg wrcain men maw‘neryleheasldnlﬁﬁpbwsesimt , aamium
|ImI| tin systerrB

el Ao i bole e TR RS by colis
ha@é?@cargﬁj HcBi BifidfencReT0938128, LR hi ﬁégginﬁéboW%ry%tallme thin film

e substrate with prep at

'matemalr dbese ce!is argisgnaiy Iqbocatoxymalaﬂegmsofo dajeqthe highest large-area

te gl e GRS S o Bl 85 e B SRS o

enBbRThaterialbest éawn \suamaoéé ﬁ@heppﬂoﬁéssmg cdsie adme @eﬂlsw'@ed to be
part (b) represen S a denpnstratjon of thin fil

fabrucgtﬁdlmgcwﬂ@@ latgeparea isHestEated HileR. 'QW(m@EﬁfB%?sfswpfoawre
prodedibd Bsh ﬁﬁ&g@bﬂftn{@@ %@@é@ﬁ@ suB¥gap! on. A smal |

vVersron o bas hin m i ghting device
is also shown in Fig. [0194] In sone enbodi nents,

[0169]f tdeatiyl anelvEmild iikgta m@ygtmnwﬁ crystallineteshrologies, which

T

antl Gléx!bleammh% oftthe thinite Itéchno}ogmm dihepresend éltra Fhincfilexble Solar

(RS teehnSiBey piividgsdhie disans o' B6Reypa ohRE G ASTe $5far moduie
wnlfnedo?H Alth eHidié PowBPmRABRIPEIE SihceoWd %Eart/ﬁiﬁ:\ alpre silicon

0195] “Figure provi des a schematic process f
substzaje dheodbles ﬂr@maeopfdngh priecision ansphigh-dempeyiake M@fe;rmocessmg to

il 805 R0 S RerchtiBn B SBR TSNy 1 <" ued o

fix ILED and top/bottom substrate before injection 20
[0170] PIDNG présens imnveniiorbprdvides Litra Erindrlexible Solar (UTiRS Deyices

install.ed bef injecti 0 t.0 prevent
9988@&%@&"%”%’r‘??fd?'?’”?ﬂ{é""e@?@‘?’ﬁb%‘g (3 e€gi on, as shown in
Figure 39. In some enbodi ments, sanple is installed

Wi t i, tAn diea-tisin gless ithrane20vmionoms thicknbss) drystal&mmsi&ccm solamcell,
i njecte re 39.

e%@@%ﬁ%h?@?&ﬂ%mg CQE&'%BEOB é‘ﬁf\%’e ﬁrrfé\‘,’%”?e of this cell is much
Subfdssqé @S tve JfdAB oRnfagRftadd) tﬁéﬁ‘i me usB@ i b@%u@%ﬂ:eon-transfer

el ectrodés, 25 as shown in . I'njection of

PDIVBrasasssss fraxample &yeesola@eug 5am Iengths. a;ﬁsi(\mltl‘h@af g@ on the
be“ﬂ&d&gﬁP b6 ﬂﬁér@héﬁ;é&ﬁe 8fntolfmélRyl ce (particularly in

sl ow din and 1 njection of PDVS achieves a
st aBl dndnnd\ative mlometan)pmg ﬁrm:e}‘s Whgmrrerrfwes thevsilicen solar cell

fl i gh

G 1188 5P mafhetaeE Ao FaotAr i REPR iy 83kt and

st r Bp-AufismataaitetddnhBétsof thattasiemed bells 8@ the final module, if
required.

[0171] Methods and systems of the present invention utilize a microstamping contact
printing process that avoids certain problems associated with past silicon transfer
technologies; hamely, 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 parallel.
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of Experinental Conditions for Testing the I\/Echanl cal

[01@42 pg; tgb&v%@ﬁr{a@gﬁ@pf%mﬁ& %E B F\Stsﬂﬁga Séola%glf's ardtfansferred to

polymer substrates and interconnected to form a module in a manner that retains

. flexibility. Selection of the thickness of the silicon component of the silicon solar cell is

an important parameter in the present invention. In an embodiment, for example, the
thin silicon component is thick enough to achieve a desired efficiency of ~15%. The
primary impact of thickness on the cell performance is on the collected current; with a
thinner cell, less photons are absorbed and hence less current is generated. Figure 30,
provides a plot of Si Layer thickness verses short circuit current (Jsc) as calculated for a
simulated Si cell exposed to the AM1.5 standard spectrum used for terrestrial-based
solar cells. For these calculations, we assume that the light makes three total passes
through the Si Iayer>(0nce 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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layer is due to the fact that silicon is an indirect-bandgap material. A similar solar cell

(

using a direct-bandgap material, such as gallium arsenide, can be thinner.

[0176] Multilayer stacks of printable silicon ribbons can be formed by using a
combination of RIE and wet etching. Figure 31 provides scanning electron micrographs
showing sequential formation of Si multilayer ribbon stacks useful in some embodiments
of the present invention. These are high-quality, dimensionally-uniform ribbons. By
appropriate processing into p-n diodes, these can be converted into silicon solar cells.

[0177] Previous silicon transfer techniques typically glue the liftoff layer to a glass
carrier, and also transfer relatively large areas of silicon (~5 cm?). One of the major
issues with these transfer techniques are cracks and defects formed in the Si layer.

[0178] By transferring smaller pieces of Si, we avoid cracking the transferred Si layer.
We also use an innovative ‘stamping’ process using a poly-dimethylsiloxane (PDMS)
material to grip and transfer the silicon to a polymer substrate.

[0179] A polymer such PET or PEN is useful for the substrate in terrestrial applications.

For space-based applications, a space-rated polyamide such as Kapton can be used as
a substrate material. Kapton is mechanically suitable for space applications, although it
is known to degrade in low earth orbit due to the presence of atomic oxygen (AO).

[0180] After transfer of the Si ribbons to the polymer substrate, they are electrically
interconnected to form the final solar cell. In some embodiments, individual Si ribbons
are connected in a series connection. Fig. 32 provides a schematic diagram of a
connection scheme where the Si ribbons comprise p-type silicon with a thin n-type layer

" on top to form the emitter. After transfer, connection lines comprising conducting ink

are printed onto the ribbons, either via a direct-write process or via screen-printing. The
bottom panel shows the as-transferred Si Ribbons and the top panel shows the
connection (direct-write or screen-printing). Only four Si Ribbons are shown for clarity.

[0181] One of the attractions of the present technology is that it is applicable 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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U1B2] BUIK crystailine sHicon is selling Tor over $5U per kilogram. Presently, siiicon

plants are coming online to meet the needs of both the PV and microelectronic
industries. It is anticipated that even if bulk Si costs fall back to pre-2001 values of
$20/kg, as capacity catches up with demand, overall costs will remain high. As
mentioned previously, present-day Si PV is formed by sawing a crystalline ingot into
wafers, then processing the wafers into cells, and then soldering the cells together to
form the final module. The present industry trend is towards thinner cells, since Si
thicknesses beyond ~50 microns (see Figure 30) do not absorb any more light.
Currently, the thinnest Si PV cells are on'the order of 250 microns thick (about % mm).
Handling such thin wafers in the ‘normal’ PV cell processing and integration is a
challenge.

[0183] Conventional wire-sawing techniques result in approximately 60% waste; that is,
60% of the original silicon ingot winds up as dust. For a 20% efficient module formed
out of 250-micron-thick wafers, the silicon materials costs are estimated at $0.40/Watt.
Considering that the ultimate goal of the PV industry is to achieve $1/Watt, the materials
costs for such a module are significant.

[0184] For the present UTFS technology, the semiconductor materials costs is much
lower. Even assuming a waste of 50%, with a 15% module with 15-micron thick silicon
the materials costs are estimated at ~$0.02/Waﬁ. This cost savings is primarily due to
the better utilization of the silicon; in effect, we are ‘spreading’ the silicon over a greater
area than in convention methods and devices.

[0185] The printing process involves the liftoff of the device element from the mother
substrate onto the starhp, followed by the delivery of these elements from the surface of
the stamp to the target substrate. By appropriate design of the undercut etch and liftoff
of these elements from their mother substrate, it is possible to perform the liftoff step
with high yields. The transfer is accomplished either by stronger van der Waals bonding
between the element and the target substrate than between the element and the stamp
or by the use of strong adhesive layers on the target substrate. In both caées, the area
of contact between the element and the coated or uncoated surface of the target
substrate must be suﬁicienﬂy 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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considered in this example are extremely well situated to meet these flatness
requirements, since they involve elements with polished back surface and target
substrates that will consist of polished semiconductor wafers.

[0186] Fig 34 provides images showing results of printing single crystal silicon onto
plastic, glass, Si wafers, InP wafers and thin film a-Si. The microstamping process of
the present invention is compatible with a wide range of substrates.

[0187] In an embodiment, the stamps used to pick-up and transfer the ‘chiplets’ ére
typically made by casting and curing a ~1 cm thick piece of rubber against a “master” -
substrate. The patterns present on the surface of the “master” can be replicated with
extremely high fidelity (down to the nanometer scale) when low modulus silicone such
as poly-dimethylsiloxane (PDMS) are used to fabricate the stamps. However, single
layer stamps made out of this soft material can easily be deformed during the printing
process. As a result, coarse placement accuracy is sometimes realized with these soft
stamps. The present invention includes, however, use of composite stamps that provide
excellent placement accuracy and pattern fidelity. U.S. Patent Application No.
11/115,954, for "Composite Patterning Devices for Soft Lithography” , issued as U.S.
Patent No. 7,195,733, describes composite stamps designs and methods useful in the
present invention and is hereby incorporated by reference in its entirety.

[0188] A low modulus material, such as PDMS, is used for the first layer to allow
conformal (i.e. with no air void) contact with the top surface of the semiconductor device
components. Additional thin layers (such as plastic films or glass fibers) having a high
in-plane modulus is used to prevent in-plane mechanical deformations during the
transfer. By using such composite stamp designs, in-plane distortions (as observed
under a high magnification microscope) lower than 5 microns over a ~16x16 cm? area
are achievable in soft lithography printing techniques.

[0189] In an embodiment, the printing systems comprise: (1) stamps with designs
optimized for efficient transfer and for minimal distortions in the placement of the printed
elements, (2) physical 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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accomplished with a long working distance microscope and CCD camera that allows

alignment marks on the surfaces of transparent stamps.to be registered to alignment
marks on the donor wafers and the target substrates. The accuracy with which the
stamps can be positioned and aligned is ~0.5 um. The registration accuracy, when
implemented with new types of distortion-free composite stamps, is also in this range.

Example 2. Conformable Thin Film LED Lighting Systems

[01 90] The present invention provides printing based techniques that provide a means
to integrate inorganic light emitting diodes with thin flexible substrates. This approach,
as implemented with automated high precision printer systems, is useful for fabricating
light-weight and mechanically conformable interior lighting elements for automotive and
other applications, in a manner that is compatible with low cost manufacturing.

[0191] The present methods and systerhs involve fabrication of conformable ILED- -
based thin film lighting devices followed by application to surfaces using adhesive
bonding. Methods may also optionally include processing involving incorporation of
encapsulation and planarizing materials, coatings and layers to enhance mechanical
properties of the system. The sizes of the thin film structures, the numbers and spacings
of the ILEDs and other aspects determine the device designs for spécific application.

[0192] Transfer printing of micro/nanoscale semiconductor devices from source wafers
to wide ranging classes of target substrates, including thin-plastic sheets, is used in the
present invention to fabricate conformable LED lighting systems. Figure 35 shows a
schematic illustration of an exemplary process of the present invention, as applied to the
printing of printable inorganic semiconductor-based LEDs. The transfer of the ink to,
and from, an elastomeric stamp is affected by kinetically modulating the adhesion
energy at the stamp-‘ink’ and ‘ink’-substrate surfaces. In the case of Fig. 35, printable
inorganic semiconductor-based LEDs play the role of the ‘ink’. This type of process is
capable of mahipulating semiconductor 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 forqe and feedback control of the
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transfer process, together with microscope based vision systems for alignment. Figure
36 provides an image and a schematic illustration of a printer useful in the present
methods of fabricating conformable ILED-based thin film lighting systems.

[0193] Using such an approach, a small passive matrix 8x8 lighting pad has been
assembled with blue inorganic LEDs assembled on a polycarbonate substrate with
prepatterned metallic interconnects. Fig 37 provides images of square (part a) and
linear (part b) lighting devices that comprise passively addressed blue inorganic LEDs
assembled on plastic substrates via contact printing. The device in part (b) represents a
demonstration of a_thin film lighting device comprising a conformable ILED-based
lighting system of the present invention. A small version of a blue ILED-based thin film
lighting device is also shown in Fig. 37.

[0194] In some embodiments, conformable LED lighting systems of the present
invention have utility for lighting applications for automobiles and other vehicles. In
some embodiments, for example, the present invention provides reliable and low cost
ILED-based thin film lighting devices that can be integrated in a conformal way- with the
relevant surfaces of an automobile or other vehicle.

[0195] Figure 39 provides a schematic process flow diagram of a method of fabricating
a conformable LED lighting system of the present invention. As shown in Figure 39, an
adhesive material is (NOA) is used to fix ILED and top/bottom substrate before injection
of PDMS. In some embodiments, external power lines are installed before injection of
PDMS to prevent contamination of the external pad region, as shown in Figure 39. In
some embodiments, sample is installed with tilted angle in a vacuum chamber to
remove air in injected PDMS, as shown in Figure 39. In some embodiments, pressure
is applied between two substrates to keep a contact between the ILEDs and electrodes,
as shown in Figure 39. Injection of a PDMS encapsulating layer is useful for improving
the bending characteristics of the device (particularly in slow bending motion) and
injection of PDMS achieves a stable contact property.

[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 botto_m substrate, and the top substrate is
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the process uses a by using an aligner to provide nore
[0$9FbFigure 40 provides a cross sectional view of a conformal ILED lighting system of

the present invention comprising top and bottom PET substrates (approximately 175
microns thick), ILEDS structures (approximately 100 microns thick), electrodes and a
PDMS encapsulating coating or layer (approximately 20 — 40 microns thick).

[0198] Figure 41 provides images of ILED lighting systems of the present invention in
an unbent state, a first bent state with a bending radius of 7 cm, a second bent state
with a bending radius of 5 cm, third bent state with a bending radius of 4.5 cm, a fourth
bent state with a bending radius of 3 cm and in a state upon release of the bending
stress. The images in Figure 41 confirm that conformal ILED lighting systems of the
present invention provide useful optical properties in bent configurations.

[0199] 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 cm. '

Table 1: Summary of Experimental Conditions for Testing the Mechanical
Properties of Conformal ILED Sensors.

Substrate Bending

# POMS | PET Electrode Electroplating %;:..eé;t‘:r;g Injection %p:ertaﬂt:r;g ?&gt;)s %ﬁzg:('gg Note
1 [e) [0} Ti/Au(5/300nm) X 50% [e) 50% 3cm 50% improve
2 0 (o] Ti/Au(5/300nm) X 90% [¢] 90% 3cm 80%
3 0] 0 Ti/Au(5/300nm) X 70% 0 70% 3cm 70%
4 o] [o] AVTI/Au(700/5/50nm) - X - 50% -- - - -
5 X [o] AVTVAu(500/5/100nm} o] 80% 0 80% 3cm 80% improve
. However,
. working
6 X (o] Ti/Au(5/300nm) X 60% (o] 60% 3cm 50% problem after
repeatable
test
Delamination
of electrode
7 o o Ti/Au(5/300nm) o X X X X X from
. substrate for
electroplating |

[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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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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pu Sued P otovbltalic a I cations
pracess éms:yeam welbdefimag sitbham shnickuresf Subsement sidgavall pass:vatnon

R A T T g

vap@tduwsmoumsiez/sgmswmturmoraad adhysieal Hnabk fdj higthly anisotropic wet
back de |“} unl nati

é . elimnpatin
chemicable. hiG: s H015-S1FR PRENAORes 1B Fp Broduce micro-
nbbbﬁhFrSgsl %rfﬁ%hé ?émﬁnQnBﬁﬁFMéal%dttﬁﬁb&e  type pn-junctions are

Intrin unction area eSI
prqwdaqobsememresm mnoon,uvshseh basiis pwniasivastages pverdae oéhﬁi in

i ERRGHRE S YRR SR TR o UG T e o

phetnolaic appliitiatigns dbe titd eabyprosedshey witle bdmmmgrsMMam junction

_ ar@@onéh I Chaé'lﬁf ["?P*E%Ofﬁ{’%’?%\%?? ek nbﬂg?q%av%gggreo#hmces in terms of

traﬁﬁ@F ARtAGYsCusdbIE '!sﬁ@éi?at@é‘ %nB% é@éslibmt? 5F950W§6é iRAindtiongi.e.
s, ntemtter doping done first before creating

ehwramae éhadqyang igswes dunito m%@lcgﬂdp)n vdiipithey @y exhibit limited
. i t
oo PR DAFU P 09 R TBA S L opitossin or e
prgsent invertibris carammblhastmmfwemcammd transwewa/punenbna tvhich may take

abRaETR PR adebietee Al beduiaopausliies i sten cag be readiy

faﬁmatea Bwse'rrébnvs opIrRhroed¥s! imivRich titsrmial aifeBhE sifsh-dopant is
rocess of selective n+ and p+ dopi n

comm%edawrtiaf&q\ﬂbﬂmmst@vaﬁpm@ mats of erewrpenatgltmg@ewnd pattern.

'Fon?érﬂgalﬁgi l@eﬁ e‘?%oﬁﬁﬁ@ dhﬁé’ﬂé Bb?b‘?é Xrea%é hﬂ&%t:él?patterns

re cre ese roc
white bacihp dqmbg raalnaoh-su;;faee ﬁeslUI(lSFi rscadcompﬂsheimﬁerghe sicrocell

palielitg bragesse Dy Buansir ot ipattshed miPER G aygBéirate covered

with @!obamwdt&@weqa@mh@m@él dﬁﬁ&udrprmérl thi8 BSF d6pihg e®p, the
type cells. Page 54 of 98

micrateliscendass %;megalmgamdp@@fubﬂfét%r@réwsverse type cells,
prdc@¥§ Bf §8ctRl P r{&cﬂa;{ﬁ?ﬁq is 'ﬁ%r@' an&rB*ihéW@%r‘tlgal cells, simply

tructure as we out a net
by usng@aHENEdcdnpmg masks repetmvely Mlcrocells 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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Exanpl e 4: Electrical Interconnection Strategies for
Printed Optical Systens [0210] The present invention
provi des net hods and systens useful for establishing 5

,elo (3 e :%trl cal connection of sem conduct or -Ra$R007/022959
ﬂ@go' %/Si: Feé%hﬁ%eﬁtﬁ}?\rélgé‘h%ﬂldgg 119D fkpla ggrwmtmmx structure as well

rocessi ng steps and V|ce onetries of the
asstripslght wiithoeta muthqﬂ w.wgi BDMS tassefte, mechanical ly
robust and highly conductive el ectrical connection

QM@P bEfichARiere \-‘ecﬁcﬁﬁt‘%? %’c@;ﬁ?#h&@d wig&: %{gémsg

steps and device geonetries are conpatible 10 with a o
[0210) gThe preskeatinvemtidn provides oetieads an;i systemsygsefulfor establishing

T T SN
cohﬂabf‘ﬁ’r@’(tﬁ\@hh@thb@s 9Proce8sihg Sleparandldevith gé@hie@rﬁéﬁ cﬁfghe present

a. Pl anarizi f&Zl:abrl cation Strategies and
investior pravisie efticient, meghanicallyyebust emﬁiemgmlbég@muqﬂm slactrigal

cogiia%\ﬁgg %%gg%@f@%g@@% a?vu%é:sﬁlﬁﬁ&/&gdé\}l@é’éorﬁﬁ%‘e}l?s ?és%‘ﬂ?éled -via. -
contaot printinge Jiheqaésent padcesbiagtstaps andpdevice gmmmines are compatible

W'lg%éiﬁeg g@ﬁ{fﬁgﬁ@&%ﬂenregf g%tgq{ﬁéugaag{gié{n IS OEQF@UH&FC? lBFludmg
phlofiiobipitfc pRte Schig, MeRoSIR (ERNARIIRS BRDICH soRAROIIOAR (@10,

device substrate via contact printing. In t he
COG@ﬁHéﬂﬂth) pattgrsingescri ption, "planarizing" refers to a
process wherein one or nore printable sem conductor
ele thPFabiicatisH Strafbdibs ind DRI Gediteties ! ©
a. sucgpt r& @Fs?éce structL?“ee |Bs formed having an

exposed surface with a substantially planar geonetry
[0241d1 by amaspecsthe praseapipvertian rrvides n@nefagag @EP%F'PS@&EPS and

pld?\%Y Hgﬂcé‘ EH}R&%@ thiY r{'u’)furﬂilz(@;#1 Hr &ﬁg{%{y@bs 5 m&@@ﬁg&% &electronic

dua urfaces t he uct or
pedbmmrde(m‘)detﬂceteleﬁmdt antergooreaie drising frotestep edges of semiconductor

el e tr|c i ntercopnect  struct ures r, e

oIGGuATT cUC iSRG S SISOt s LA R e
asBérABiRH dBEPaBViEY sassiRitélihohRice pantiry. Andive Eeritéxt of this description,

configuration wherein all points on the surface oc

“planarizing feferaioa pracess wherin epe opmarg, pgn@a@&qnﬂwf&vct& elements
ard) 91‘(&}(;?{% il Bé@l@é‘tsgﬁétlraxe EP ﬂ"{ at 4SRBES %trutﬁ&r’qu ﬁﬁn’%@i‘ﬁhvmg an

rom an a anar configuration.
exposed surfacdiwithra sybdtantiaix alqmlae ge@mstms Psafenaam for sorae @pphcatnons,

BT 54 e R A AR LR i B o
indWiguil Rarfacesdfaha privtedaensicontiuetdr etément(s) mhw:aathecpmtemed W|th
surface position froman absol utely plana

deyig eiegiica Inbercenneat SYUGTHERS: for Gxample singioRtisablthography and
degéﬁfuﬁ’f fihdiqlies. A a‘ér'@%teg'i g Lq’e% 'réfe?@ﬁsa st aoerdonfiuration

osition from an anar “confi gurati on of
whieeain all ipeint$00 thmsm‘weenosupyoa@emmrbplage nibe context of this

bR AT SRARAAT R b4y PR 0 it fom

absailtaly gllaaar d:c&mgumtlandﬁmsome rentﬁoahmzntadﬂoaemghptéoa substantially
printed semi co or. el ements such. t t he, ste
pldag GRoDetY Medides dayAtaRs. siflace adatlion iimps abSI ity planar

comld(]lrﬁﬂ:o??& Ieé@%ﬁ@m%r&r%”p%efa‘bly fof Eembienbdamhéms Mebitions in
integration of electrical i'nterconnection

suéwm@@sm@\sfromraraabs@mamnlm configurationeiipsscethap Hdmigkm @nd more
pr@gh‘e@ﬁr’cr §%@%%Bod%éﬁt‘s%v%ﬁ3h§ MR pokitiBAFBhSah Absolutely

planar configuration of less than 500 nanometers.
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ot herw se occupying by portions of device substrate
itself, other materials, |layers or structures provided
to the device substrate or a conbination of these.

QIH a ng may be achieved in the present 'ﬂﬁ’l%gzb@)ﬁzmssv
[0 (g gﬁsalni‘%ﬁﬁrbrﬂi‘e n@@%ﬁﬁﬁ&é@ﬁoﬁﬁ adfisved ;M'@Vuﬂﬁ\g materials, layers

rintable sem conductor el enents
and/nt stmctu@sead;aqegt mﬁmSmlcoadumrMWneetma thattke step edges

o B PRGN P PR g e
paftérningcandl inRgritionrofdctiiual Inercbenetion. stte@tukas ds aardnibatiment, for
printabl e sem conductor elenents qn a, rece

exapleathe sace bgivgensadiatant pPedispMicAndyetor ﬁhv' s 5 filgg with or
oth%h\%@ %Sﬁﬁanﬂgeﬁg gwahe f HBViES élﬁ’és‘ira% |tée1tY Birer AtitaraNlayes or

rint m con uctor enents, in sonme
strmtbm:tu previded tetheatavicadjubstsate ora mmnwnﬁﬁhmdatﬂn@rlzmg may

o TR PP LA L RS e o

enib%ﬂémb ol nﬁtﬁr@%amtatb!m!fhtcbgd&JWIOMe?lﬁatsanm readivofg surface of a
maki ng a sem conduct or - base ical s m.co

deyipR sgb%tﬁaée 8F @ Planarigingayar 0 Gk eteors Dlaraif 8Mh Rtz in the

pré&eh?ﬁ@%ﬂﬁd?ﬁgég bb acRieved in th@iﬁ&féﬂt if@nBOE maly bedchieved by

prln a em conduct or | ements on the rece|V|ng
assemblingepristablé semidontueipeelementoon adecqlying surage efpidevice

sl DL Gl A AU FOGAHG A r et

thepriritalgle isemicomucion @lentents, kmeldn sopiei emlbocﬁmemsrbetWeeramdjacent
enbodi ment, the planari zi

NCEI ST EN TR R —"

s" Ytdse substrate including the printable sem conductor
el'ement (s). In methods useful 25 for device
fabrication applications, the substantially

[0233d/ marsamapwmeab ob th¥ aspech o Prasest 'nmt@aeogg\é%%é mpthod of
ma%ﬂﬁ lc%dﬁ’&s Bésé&’épﬁlcﬁi %@nﬁd\ SSE’!I;])H&hgtﬂ@@b@ps of: (i) providing a

UCtOT e enent s SS rece|V|ng
devwice fsabsirate/bahogsa nenelnvmggudaee Ha)assgmblipg anaor mede grintable

R  Be T RIS RS BB b8 ER  sOMEcbn

an8@€ineplafadding thie mrmam@l lsé@nddndoétbr elehwem(e; asgentbled bl& th!Jrecelvmg

N o O
the‘ﬁ?hﬁ&ﬁﬂﬁ%&eﬁ eﬁbﬁﬁéé ﬁ‘égﬁét?ﬁfﬁllg%iédﬁr%w JRfdoth top surface on the

ruct ur resent |nvent|on
depice substtate mmmrtuuatﬂe eammondwtpf plement(s)y rintraﬁatyods useful

oAb B BERAIERE s SSh e s AR o

gefeMapds inclades sxpiged suifasésidf 0maeorsamecpianhnmdrpmtabda serhiconductor
Page 56 of 9& WO 2008/14ﬁ€§ eri us2007/ H9214] |

elegyints ASSATDIOR ORI FRPEHING HaTasBe MSHHORNS 008 S7SIsms HAFR A planar

an B%Ho%&ﬁob%%rfﬁ&@mcﬂfde@%kﬂ&ed@,ghﬁa@g oZdritdorGhorel Marsarized
inking the planarizing | ayer having the printable

prigiablecseuicendiictas| MantstQM@@! fod?f@YlﬁmQteII%“ltf&@}' contactig the
plza'tngﬁé?c_f b@lﬁtgglgeseﬁﬁ&ﬁiﬂ&%%ié?ﬁ r‘ﬁ% iaEaY xidﬁglﬂrgﬁgésgtﬁ‘t&gés "Slich as

rzing layers he ne
lithoGraphicspditeasing of elettrodes/geviceinterconvect stouctares. dn aanethod of the

present Eypniin, B BROABR ST UB oy BiRnaen Cofey ey 8 uniary inorganic

- sefition@0ébt ytfuc?tu«@ﬂrha thethod HEthB TpRSseMt iriverEdH, Itl@pfmablber

- conprising the steps of patterning one or nor
semiconeilabeloRIent SoMBESes A SBleckaNBe SeTiRBdFtORGaterial.
exposed surfaces of the ol anarized printable
sem conductor el enent included in the substantially
pl anar and/or snooth top Pagef56cef.9810 Patt er ni ng
el ectrodes and i nterconnects can be achi eved by means
known in the art including, but not limted to,
optical |ithography, deposition techniques (e.g., CVD,
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[0215] In an enbodi nent, the planarizing step
generates a substantially planar top surface on the
devi ce substrate havi ng the printabl e sem conduct or
. 20 Preferably for sone applicatigyd3607/022950
mg E@ byl ¥ it WhRY th%réé&rﬁﬂr%nﬁ&nmrthéﬁéorﬁanwﬁégép of
surface each 0 the printed sem conductor el enents
cummﬁurwlzmg @mosewm the planarizing. layerdtavingdhe pripiable

s RAPRT M Bl Bt o LR B gomiconcucor

elemiritas meemaménztngshg@r erlgnaizrdyg layers of ilag netmdsem dystems of this
2 mcrons, preferably for somf ?c?pﬂ atjions | ess than

asgegtiof thenPragentinvention a5 alserussiu) far 2 IGiagrating Ryiyable

seh?c%?mdb?lﬁfe AR B RIVe sUBsaRSOpRonAlly, E*h?eth&i’ 8Mthk Pesent
I'S use or generating structure that "ca

invehfien further cbmptising sthe stepaoépattmmegme orfrmreeeleﬂhrpues/electncal
usn hi c atterm fi.l tion

intsZonTects t9'S9A BPMore BRSdsBHBuMARESt i bihnalindd SERAREL: o

seRiicondustorBleRfht mwwsemeemwm@uy plagasandof éth@@thetop surface.
sem conductor elenent(s) into the device substra

Patterning atgétsodeﬁ anchiptaierHipckeanie aghievas bhingane khown in the art
nREIG A 61 A0 ETBENC By JapkBnBdeifdes (80, Q. PO,
theteail depasition, sputiering deposttioncplasma deppsition etsl), sqftahtbographv (e.g.,

copBrfingy A PpoT ARG ftfeet) PYGRINES Indthsd Bpe present

m@ﬁh@ﬂ@ﬂphﬁné itieeSteps:i) egseinblimg a)blurnant;nbabtumaﬂeg;errﬁaormuctor
98 WO 2008/ 143635PCT/ US2007/.022959 senj cond

elemente Apdhe FRcsivigpriace aldle puksbiate-yaconiagh e@,nths ang (i)
PHRRERYNSpRASA BB LT RLALULBRRASAS thin g B rcating
surfacehod conpri ses enbeddi ng the printable sem conduct or

el enment(s) in a planarizing |ayer provided on 5the
[Oiﬁﬁﬂenxérpgpﬁpﬁfrﬁé?ﬁ e@% Ipieﬂfalngﬁﬁ's‘t@p eér%g%{egfaﬁsguq%&ﬁg?ﬁ‘y planar top
surfa¢eeos theodeviceasubstrate Imhmg thel prmtqtpe semitobguctoeelement(s).

P’éﬁiﬂiﬁ@ %Bi‘r%ba?@ ‘gﬁt"@é@ 8&“5& Vﬁé@g tﬁ“?ﬁ%n Ondc%%&fses an
ex?és%@%drﬁc@%f eayie bf thbrprmt&ws@ﬁb@mm@eméh@ra%sembw on the

ers conprise nmaterials, such | ow vi scos
reqaiing) §urf@qeat Pf&fet!a'@&é‘éfb‘}%“%ﬁmﬁﬁ?@% 0 gqusg@ew){ﬁ p'apaﬂzed
sof 4P e aseriod o S RRBHIY &y Ml i cog feaues
thatfare less tihars 2 micrions epretenably éorcomebapplicationsdess tianok mncron and

R LIS AR 4SS0l gL Goct ot

invehtien W wseful femgsnepdtingestaicture ms:ahbemtmételecmbauy
enbedded printed sem conductor. el enents ar

mt@ch@gect%tfpb%mgle using lishegraphic pﬁﬁerngweqnq @nrhfllm deposmon
&gg&ﬁl ymer layer that is polynerized after receiving
e printable sem conductor elenents. Optionall y

t he Euanarlzmg | ayer is a polynmer |ayer that is cr
[0216) k buamembedimans, the planarizing stén efithis raelhpd sampEises embeddmg the

. ] [ C
pnﬁ%a?ﬁ%srﬁu v\ﬂléc%#‘% %1%@85@25@% d@Vl?@%hB&rétQ Wgﬂggtées for
entbleddingarievormoreprindatde eemamndud:tur elentee\tsadlrecmm ihto a device
sut%’sL{Pa%:‘e heTue el r%is‘fnognﬁactter%%erature 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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the printable sem conductor elenent(s). In this
enbodi nent, the planarizing |ayer 20 receives the
printable sem conductor el enments assenbled on the

v&&?%b ngg surface. Alternatively, the Pr esendcr/us2007/022959
se{n'i’&g?\ be@Pel Pelehfdritsipto g?épgﬁéﬁem&éé@sed tféﬁ%ufé's@ﬂ e réb@glng surface of

ayer s provided t he recerving surface after
thesteepivifg substratel. i ng t he printabl e sem conduct or
el enment (s) on the receiving surface. In this

o B A s R s
embleggg\r?:tge bﬁnglfwmé?ggg?lfm??lembnws)snmmmm‘izuigdayer provided on
the RGBS HTAGS QLo suasates ihg aowertldhis G@Rtrintiog, a
plal?iéhziﬂ@tla)}ér 'Féfb?éjtot@l-ayépbfyrﬁﬁ{eﬁal SUppBRLY B?rtﬁe ré‘c@Wﬂbeédb%trate such

mat eral’s having a pol ymer conponent, gels, hesi ves

thamnmﬁgnmgonmrtqw”@ts capde @'@b@dc&gmmmgtantﬁ@ynto the planarizing
) S8 b e EBHSHAAD Y BRI Bich b

visgdosity faﬁsmmt ane cag&bie oh gmlmal dtspla@famitmdmaergag@rnenttmhs to -
rint e m conguct.or. el enen . an e 0 t,

achoPmoRgiR R Eed SO IGRARGIPF gemepts QERTahsRlanRTRIEdRyers of the

prék@nit MeAtoni 236 %ﬁbéMe of l:ﬁéfhi%ﬁl &Vrﬁffysfcaﬁtré@f&%é%n hftéPRi2eiving

cent|p0|se Pl anar|2|ng a ers for sone device

printable sempicondugign elementsrie haaalﬂ@ solidify s etheswiserghana® pease or

a5 539808 el S SRR 4809 o

Opltienaiw ﬂr:wplﬁuammlaybnlsmpmpbwmmuer thag i ﬁmiwnelzemafter receiving
aver., o t he esen I hven a thic
the, i BRDIB PR T AlETENtST OpbonAlie e RINR G Byigs @ polymer

, Iay@t fHa? Perobs ligketRafRiTPecHiviRg tre pm&bla%em.@drmcioaw&n@ﬁs

he present invention has a thickness simlar (e.qg.
thin a factor of 1. 5|) to that 5 of the printapbl

[0%1@&1 £be alrsent inkertipninsiudes mathads wherelndhe planarizing ?ayer IS
prcﬁhﬁéfoet%%e 'rébe‘?\ﬁn@ﬁi‘&%e‘@@trdcﬂﬁe thereém gﬁé sGEsédﬂu@ntiy f contacted with

anar|2|n er 1s selected over the range of
thamnmtable S@mmnci«ct@tr etement(s)oin &nﬁmhp@me@atth@ planarizing layer

rechflShEBofée ntfib A p Slomalil et bl e BRerdAg lrtace.

Altelmmvelw mglméwmnveagod mcmdestrwé?th@d§wge|@0ﬂtﬂmcmmanzmg layer is
n,an e oal se conauc

proyacEithe JecRbiG FUTARE R Step ol BREEI NG NBATGEDE (| )

seRicORYILESr §léh'%ﬁ(§) 8n 'ﬂ%’fé&&vﬁ'nd KAfcY! MItHEEMBESIMENR, Qhé blanarizing

one nore planarized printabl™e sem conductor el enents
layeusgerovided 59 astie filldre or builshups (agicnsef thiheaceiving substrats sas to

pla%ﬂnié [rf’e nﬂ%? Eée‘rﬁtc'bnﬁ%l&ﬂﬁ [T\ e printable

e subst ant i al | y pl anar
top surface that includes at |east a 15 portion of the
[0219] nPlabkdziog feyeodiibe @resant invention miaycemprise@ range of materials

incfilyd, Bt Bo QMR Sors praPerSn B hESe HRbR Maving a
pol?ﬁie@@bﬁ'@oﬁémmélbeadmmscﬁnd%dhﬂﬂﬂatmrHthéf@bﬁrﬁortsan@@;ﬁbhcatlons
[lineters, a wdth selected fromthe, ran

0, 0001
PlaRIiFiNGIAYEFS Drederably FOMATISe AN MGIRIO VisePE §£e"als capable of
phﬁaﬂ %Hs@dacfemnt oh PodiAitg@nidnt f 4Q08MHmedte 'aﬂ&‘eﬁ’fb%dtﬁln%ble

ters. I'n an enbodi nment, the printabl
semiconductor elements. In an embodlment for example, a p!ananzmg 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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20 sem conductor el enment conprises a sem conduct or

structure having a length selected fromthe range of

0.02 miIlinmeters to 30 millineters, and a width
sfromthe range of 0.02 mllineters g@n2007/022959

pnr'l'fb%JE s@af’ edrivucttr eiemeéins ﬁsé@ﬁm@am arEekivirgy sumsea in amgt h
sel ected fromthe range of O. Illmegers

embpﬂmerét%planamngIameaphthgéar@%qrwvsﬂm a%arﬂaﬁ'g@Séfsel?C&ed over

el GG ini gl |60B Bl 95 o GBims gangrr

Iayet bﬂ memesent tmvemtﬁomhas a ltmckrr&ss simithr e @i, olrv:thlrselfant@rem 1 5) to that
from

o b e BGARSnb BhF S d BESEB S, i an

embeiferit A% thickREsS eMucd@farﬁtr@uswrgsélamagw@r thai rahgreefso 0003
sel ected fromthe range of 0.00 mllimeters to

mmrte 0:3rmame peeferablyrfor seme ap@hcaél@n% sg!ssleﬂc,cyﬁr Hhesragge ot 6.002 mm to
00?%@(%55 selected fromthe range of 0.002 mllimeters
02 millineters. In an 30 enbodi nent, the
pri ntabl e sem conductor el enent conprises a
[omin cthecpresent isvantion @iso meJude@optudaéamtams@bmlengmlmnzed

ord i e R 5 sl Sl bl optca

systercinie predent inbémtionatinprizescleridévicarstiistratehgéné rddeiving
nanorret s to 100

sufbge nd §03558Y01e PUETR#HE PHADIE PEAcyysIar HIEPS supgorted by the
rec%rﬁﬁrgr Ir’f"a{cet anel%ﬁﬁme\h trafe havind'fle SriBY héreSpridtable

zing layer prOV| on the receiving surface of
semiwndumocelemmca has the ameta@nallw plangrrtppisurfaee that includes at least a

oo 4850 S BRSO POt

elepians a@rhpnwmmttm%ndugan:eben&a:ﬁ@uam spructoteabdwing a length selected
frogttg(ﬁ:trrgggné%bgeo\f)lgg Frﬁu,llmleg{eqsglo e1c Ci{&)emhl?m%@% %?\glg&@e?ec%eé from the

rarigedstSh 9boy %lllnﬁieﬁ%% 1000 rhilliRtete@nind 4 Hicdkaess Qéiected from the
circuits, E hot ovol tai ¢ systems or a conponent

rangecafe0.0000 mllhmews & Imilliragtarss 4p apresubertiment #@ramntéble
se@'(i)c%%@@&ﬁr 8!‘; nar n%’és 4 ESmg{g)ﬁéﬁééhét@gcﬁ%cﬁ%ng a length selected
froml thewange ofPDlOﬁ mtﬂimeteemnoc 60 thillimeters) mdaaw‘udtﬁ Gelecteddrom the

raq%%bgq?dg(ag L{&y‘n%ﬁqgrgqe\%(ﬁgwf e;sr ?qtggfg?egq?% l ;@Jqﬁ’@gﬂ‘g a length
seléet%a fton® thertamde of ot Philllimetats do onmalihere) andrmwm teleeted from the
of device subStrate 5000. As shown in these Fi gures

rargeofafd rsillimetaes tg) hmilimetar, pisiarablyfar sasme aerligafians a lepgth

selteefédqmﬁﬁraﬁﬁéfo‘? mﬁﬁ)ri'iétel?@fﬁ mlimERSS 2lHd Alvidth BéiRE from the
es sone VI atron from an

rangrnmfl mmlhpiemao ubnﬁlhrgetem i an eémbediowvant,i the printable semiconductor

cleci gDmeree pe i e roau ATl B RERE gm he

rarjesfe0.:0803 %mmmrad@ i0.8 ﬁﬂlllmt@sm%wiably Ifcﬁm aﬁphcaﬂons a
substrate 5000 or planari zi ng | ayer

thigkness gelectedfron thg rangaafi 900 m"HF‘PFﬂjs Ef? &c%% ﬁae@(%p@ an
erﬂH&dﬁ‘Fér{}oﬂﬁ d?fnt%ﬂ?@ s@mRDRRkctbP¥RMHeNP Borhprisd®é sBliconductor structure

sem conduct or ased optical systens conpri si n&m
hayihg mdengtb sefectat mmetheeangmfdwa panameteestos 10€Q aticrass, a width

selgg{?ﬁcfgo% gr}gp%ﬁgﬁ o Wz{@@? ) 15\8 il q r?\EUr&];éjSNd & fRcidds selected

fropl teaanhgeof dovianemetersitg UY0D0imicsorend pl anar i zat i on
nmet hods of the present invention is that it allows
good el ectrical contact with planarized printable
sem conductor el enents to be established in further
processi ng steps, such as |ithographic and deposition
processing. Figure 56 prdagedhd eh@eri nental results
characterizing the inpact of step edges on
establishing electrical contact to and/or
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25 between printable sem conductor el enents.
Experinmental result corresponding to printed
sem conductor el enents conprising silicon bars having

gg dinmensions of 290 nm 700 nm 1. 258pGHR0/022959
[02%"??la D rﬁ'll JtABS stbﬁﬁ@ftthéfpré@eﬁt‘fnee%n%ﬂhér Goniprise8 W FiaMarizing
and sc erm ic s oW ng devi ce and el ectri cal

layeoproxided gpadhe rededdng susrfaoecwthe devige sulbsteaie.avhejeipdhe printable

sorfORHFAN b o srh AT AFSAE AP ol o

present lﬁmtloﬁpm@rmtﬂd @enmdmﬂnetboalsnmmsaaretmmfatﬁe electronic devices
m crons, however, e.g"nl fic rea
%&9

or elggelaRnie pgyupg, cq@p@nentp r cp@se iasgr% [SSers: transistors,
dloi8§§ ﬁ‘&hctlghﬁer e R rdied cip i opifotSNoltaltesyRtcv$6F a component of these.

ore, have significant value in
rrin|m2|n t he magni tude of step edges in assenb
(02321 rftes BedAnshii rayidesrsshametic GO of SiRATHS of the present
S l e
R R AR08 SRR R e
semitdndliciot ¢lenhests 50]1)2&‘#]9 dnnbe:dde;dsm the ddviaensubsiratec8000 itseldf (See

Fiden bR A EETaL e 6 Autianaiziiaaver J02Rora St spIprayied on a
recfe%g" ﬁﬂ%e‘ﬁf devigé sﬂbé&dtasbaos Ab%hawaqn fAdski Fgires 54Aam 54B the

a wdth selected fromthe range of 0.02 mllTeters
plagerizad ¢anfigueation resylts in yéee gxegsedusfage 5015 having a substantla"y

plagé}ng bR ?Jﬁﬁh‘?ﬁ’ag B@ﬁﬁ(ﬁr{ ﬁ%m%gg%ﬁéoﬁﬁé pfanar configuration.

conductor stru ure av ng
Aslshowhtini theselﬂgpm |topleprseerm1riane 5eu5momunmg expasied surfaces of the

pla Az Rrmiehya semieandpey At Sh iy uPofifhflies o

sulsstiaes Gmoﬁplﬁﬁﬂﬂlﬁ@: RAyet 5020t Fugontetessemmdes@ fisw didgems illustrating
si cal di nensi on sel ect ed fromthe

| t udi nal
prqggggeg sfeps inmations &l e Present RYeMoRdpEmaking semicanalugior-based
opfitial 5{tema B |smggﬁacl'9{ rizBY %?h%b%eﬁrﬁleﬁﬁd{fét&r eI@r'nSHBné&&*) as

conprises a tor structure having at | east
printablecsemicorgluctardiased eélactropicaievices andeigvicemompeaentsnge
of 0.0003 mllinmeters to 0.3 mllineters. In a system

10225} 8 bEn G el e oML R0 ltnoas o
theqsresentdmaintion d that iraliows gosa electried] dontact with plamayized fprintable

co SR AT B e aShom i LR e FRE ol i s
htth@%ﬂfc' awﬂdéafdsn*bakﬁr@ce%gmgc W@ts@rpréhﬁwékﬁerﬁhmmrrbg@its

said receiving surface; erein said devic
chafagtgnznag dhenispasy ok steq eslgps paIgstablishing glestrioabeontaetie gnd/or
ool Abely SSHRBhUGLLY oRNREL EGRrARAPTEATECbonaing
pnmxed sealidondaetor elentknts comptising siieon barsrhavingsstep edge dimensions of

I d I ' .
20@ i, 2B i cABrE RS AN £ TPTRS . "B ot 8850 shows  igroaraph
ana Bawénamesmfwn fHeOdevigd AndBleetiBaltcanidi® gedinktricsE 1A% shown in this
h sel ecte fromtherana of 0.0001 mllinet

ﬂgqreomqﬁ sandvet e dharesistancellpssias A0 aBs Phesvedior siep edge
diniénitnsUp 18- 1028 crBhs.| FGFLEP 2dbE dinensions 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

Page 60 of 98



10

15

20

25

30

25m |l limeters. [0226] In an enbodi nent of this aspect,
the system further conprises a planarizing |ayer
provi ded on said receiving surface of said device

) ifi irbelrd ' 16 effecti
eIemeZ?%,%é@b? adgangéenggrblér?ér&eﬂ_déiﬁ@b@orﬁétﬂe%m effective

ment i's dded in said planarizing layer. In an
implemebtatiomefideyice: intercornrais andelediadesr t her conpri ses
one or nore electrodes or electrical interconnects 30

022 ORI s, SBeA) crfprses

semicopduconsttatiore Aheingr lehgtiasglectetflom tied earigenoi €.02ewillmeeters to
or electronic_device conponent. In ﬁgj{@mo?{igﬁnt of
30 milimederss pad @ widiie splectad:i5en thefrrgmat & ¢r MilEIRtes tPs3Q
apge . e . o
mllhmjle{ljer?%.t m%%ly?fregﬁ g# {Sty% rﬁ’sbé’tgaghee %\'fﬁ%?légégemE%&’@ctopefément(s)
compAS¥B4 $4AHGHTRIUEIMISTARTIR 1204y ahieast enetbngitudimal pbysieal dimension

T T T,
the prﬁﬁ%ﬁl@%ﬂﬂf&ﬁdu&éf é’l@Hé’n?ﬁ h BbRPriabsd stinhiBoAdudterstrugOr: having at

:
Itional structure selected fromthe group o
least o KingitLdipabphysicaltdimensioni ssieried from the @ngeref; 1 aillimeters to 10

il 55 5555 BF 118 Bhp S ek G B e P iy
compfids B'sbRfiGdH it BtRRATRHaVinEhEIBBSL orfe BTusssttionaltiimension
sem conductor structure integrated with at | east one

selectefidtam dhe cange,of® 0003 palisRtesdod: 8 llimelars: nid 3ypyiigm of this

aspe S0P TSm0 OBy @, L S serhtBha st a

least 6eFCEBRAECtiONalddimeneion delectad diupo tHemzmigeodf 0.002 millimeters to
aspect, the printable sem conductor el enent has a

0.02 roillireeteEsss sel ected from the range of 100 10 nanoneters
to 100 microns. [0221 The present invention includes
t Les i ' luralitglof PlaridiRed idrimedblef
f0225, T8 Yoret RS, i e, €/ Fluraliglor plarkhed printdole’
semicbatiueten etementd /soppbeedidyrsaid reteiing sudate onbersinsaid device

et T - GRG0 L 5B A By i o
surfade'Rt fiefiiangeddt d mﬁ)n%%aﬁi ﬂ@néﬁiéme_riﬁtabfe sémonguctor

or otherw se gradua tapering edge. The sl opi ng edge
elements whiyeireeaghndisaid phiatajde semicandsigly eleMERECOMPHESH Re

: ' d | e ' -
semicBbFRRSHGH e BHEIES tuth SERERR o R bt 1 miimetere
to 1000 infillipkdterss alidenseletrid febarthetrange 8br0uPO01 Hrilliietsrs to 1000

nbodi nents, printable sem conductor el enents

e ts are
millimgtese epHathickeiess selecied fram theviange of L-0PBRT myllingiersdty 3
millimiﬁrg)(posed upon contact with the 20 receiving surface.

T “geonetry allows access to, and subsequent

processi ng on, the exposed side having the sl oping o
[0226} digesn Embodithentr aftthisraspleckthe systeat furthtescoomrisess plRanarizing

resent of the s]oping,edges of the printable . o
layer BiaKESH L &2 ST T BTG G 1 FEVice BubBaG: fEherapaaid printable
semicBhdaLBP cRAFESt it BriBERRUAhIsAH Blafatizingdyer. Ig an embodiment of this

I'nterconnection structures and el ectrodes. 25
aspedb, Syistern furthér comprisemonre or ooresieairadestorgiectaealdnterconnects

El ectrodes [ 022 The present .inventio [ I OC
pattereg el Sy AER B Bl B RS BRRRp DR aspect
said pRin®sIE sEAlidondiRisHEEmeat 85 Priffabls BRcBbARIdeMice beelkestrdnic
to electrically interconnect printable sem conductor

device cempanenasieameapodinacaioithisiaspech tha griniakie sgrticafidugtor
elemei{t zsc% E{Elcfjglrga%ﬂéf BEPGSEE Ys&iTEdbie 3 jBhcfidi Hdndfisr,
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30 assenbl ed via contact printing nethods on a
receiving surface of .a device substrate, optical
systens or optical conponent or assenbl ed via contact

V%E(Wéh 3dTEt hods on exposed surfaces of pring $2007/022959
inttégtgp]é‘c?er {R'a @nfBHhE thePddfi ‘Pr‘i‘éh b)hﬂéalnﬁ@wt%fﬂ'%‘ %é&ﬁhé printable

evi ce. 'Advant ages he use of
segricandetioc elepant comprisesaid aenﬁmnuctpagteumreoﬂtegsatemlth at least

ong AednbdCsilchle SEEREH B I gy oohaSing B aPipgr semiconductor

strabtbcywawelbcmcgtream dopdactivecstructuré rendrragstivanstructure. [n an
of. printable s condyctor ele assenbl e

emHORaHo dis BPRRt Jie BRTEADIe RO SRS ElRgnent qomeangs sad
SoLLHALERR iR AdghatBa WA KdsP B bIGBIBAR TS component

constralnts an I ce geonetry tol erances i1 nvolved in
selesteddfeom e gtqup@onsnstm oti ansienitode, atlieladtiin laier an optical coating,

2 FR ERa A ERERIebynliBor TRl A e G FERf o gppoct the

prihtbkx semideAdiordlémphBlsan® tHickess eleciedsrom trteh:ange of 100
al i gnnent and positions of the printable sem conductor

”aEP@ﬁﬁfﬁﬁ@ JO94WEIE: by contact printing. In addition,
use of nesh and grid electrodes allows a |arge number

[02!7]D'Thé'p?é§eﬁt MRBhICHAEEES ofe? %ﬁﬁfe@ue*s‘?op@/o?d Bﬁﬁ\hig\éﬁhg the effect
el éctrically 10 interconnected in single (or snal

of ﬁt@@t@gpsm egtablishing ﬁgctgrpelp@nnemctnmtweemo am/ekb@twgen printable
bl Sortél b g EaReSindid i ArAR I8 pifipol

semmariduaiok elemédriteare fabripatasoth thab trlm havpla!m::t ede side having a
tlcal stens re wnn&gtrans

siopfa Sranies ook 8l apedib er90LEhe ShBMedie qrogdeya oradual

change)abthe @dge o tfe piitabhle \sehficoriiusios RNt 04 ofYsed to an right
sensing systens and nul tifunctional optical

15
angk%t%\‘fﬁ“’ ian yheee thegdhainge endhe edge gf KhG Rsintaiale gemicopduetor
t
eleniérl i dEARE: Infpad SRBRIRIA, AIBIE S EbAE: S ABfls are
asmbledssuoh thdta side:baving thevslaping edgefspis exposed upor portact with the

rodidi Sudhe” e GROMRIY plcyS REGHSE 10 HrofXespalpTatgbesding on, the
exposat 8¢ Aadi ﬁmmgdpmg @dg@h €orEntegration @ﬁ‘éleedlcanmﬁarconnects The
rece|V|ng surface

devi ce substrate,
presenk gl thers q:gnge%eqwfdae Rristakle semicopdusiar ﬁlsgwnf% tfsé/refow
recLLﬁ%.S.tthé‘l ct bP&eE%d&;E? erirn'téHré‘ﬁ'lege% ?&ﬂbﬂmr&hﬁécnon structures and

ment s n an I ment ectrical connection
electrodes.he grid or mesh to said printable sem conductor

elenents is established by contact printing. The grid

b. O ”Efébtﬁééi‘ihfé‘?éoﬁﬂé‘ct%r} ggt@ﬁbgﬁsha%ﬁ ‘Erle&k I cal

i nterconnecti on struc sone of t e op
systens of the present 25invention. The step of
[02283 v The peesentingentibroalsorrsiuderdeyicecgedmetties and pracessing methods

.| eas . DQrt f
whieit Efeechighh oy fingmestf oL ef Qe R BN hercaly,
mtgrl‘ccﬂﬂé(ﬂIpﬂt@ﬁbﬂ@ﬁerﬂ?&@?&hcﬁok@éﬂ@n& assefrmsmbb eomaansrirfthg Mesh
evi.ce such as an elastoneric (e.g., st anp.
and ghd  irdSinaonastiop Slamps SOHIGE SlecaPaAs Ais pRIBEIY
as§é?ﬂ9lbd chd?&ct?iriﬁﬁn@?nétﬁﬁ!ﬁér% ré ddivind'Surfideof ¥ déi& substrate,
onto the recelving Surface of
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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30 device substrate via contact printing, and
subsequently assenbling printable sem conduct or
el enents on one or nore surfaces of the printed grid

0'6?/?4&6 t hereby establishing electrical corﬂm§z&g,022959
ﬁ% BeeRR 08 'p‘éﬁeﬁieﬁ'ﬂ%? farge"bicas hblety! amowmg for greater

another nmet hod X processi ng step conprises the step
toleranee ahtbe@laqeﬁ@r\t iaacuram elcprintable spadconductgr elgmﬁntsr@sﬁembled via

co@é&f%rgﬁlggg{ugﬁﬂ% aé?é@%%ﬁ& 5‘&58@@? a@larltiddeBEin a relaxation of

pr&@@ﬁh@éﬁﬁﬁféﬁ%laﬁ&ﬂé@%é@%ﬂ&@ryﬁblembs lr?/ob)edmm sbntact printing-
e regeivin

b to t f th
bageetsemity of Pas SeaveanieRr BBmans  ForaripHise 4! gipsh and
grid %Lééﬁ%ﬁeé Qﬁé@ \91€é’ Irft€rcEheBRSignificar Iak@s a885A %hd placement

e pr esent 1 nvention rovi des a” net
comsttaintg on the ai:g:mmandrpdsa@ea obthei prmtabley ser@moodmim glem@nts

as%%ﬁ/plﬁé %gﬁoﬁ{?tcg%iqn% ¥ ]agéfggn ﬁ@e;)&:gbé:@l agﬁ:i gﬁd‘&%&ﬁes allows a

largé aainbecal printatsie demidonductor dlementsemrbe)eﬁmvely |eiuomaaay

intGrEonAses 5t Siagle AL AL naMPRO Y rdnsSsin St Fupp? e thickness
anéfé? ANRICkI Bf Phadh W Yriti e ctiodBs ichh BB!sRIcfl SRPAHAL tAByY are optically

el ements on said receiving surface of said substrate
transpareathwhish aliowa theag; commpansinis edshimplersentgd i pplicabsystems

e RGP B ST AR ARG PRI BRIES orkl suen s
dlsﬁldyepﬂho(;m\;dltamstyﬁtems @pﬁéﬁl?egmgg lspsttaptlslsanda?ummriot|onlal optical

rom r 0] .M | e
SYSIEme: e same SRpdine AP donduid cr anesty B nare dian &rciga Tpnsparent
at&s@@@% waveld gt Sféleétebrﬁagﬂéticlraaihﬁérﬁ and (V)

transferring said optical conponent having said grl d
or _nesh to said device substrate, wherein said tical

[0228)plprarembedipest, imetheds efthe @gse&semt gypatl%wraerm e §tep of
B ah SR el 018 e i SR BER e g east
podtiondXithe printaple semicandsibtor slemems assenbledona regeiving surface ofa

oo i THRBN 41 BB P B RS b it

pomba@fthe:;aintabletsamécomubtoaéldm&s lnleam@mbo«r?gmem thareldctrical

ri nt em conaduct or rrents n.an e (0] n .
comTAcHBR AL BE M dTh RS 10 PlT PUTERE S GGFOE S IEants is
estﬁB@i‘@@Wct Ehﬁﬁ’rgf ghe g%@ &Qﬁéﬂ?ﬂpr@wb@g ohb O?HOQQ bRtrodes or

fromthe range of 02 mllimeters to 30 mllineters,
elegmahmteir@nnmeg@mmewwumsanrsomg of theyeptisal systams of the present

b B he o TGyt B AR it aeast

pomlibh loff et mm?ble sémt!{dlnlduotet etemem@Imy\hedidnneadabmanaadorﬁtacn’printing-
01 t t .

basapIoRasang, ol XEGTRE 4B A SR IR fretaet SaiAe oS an

elagfdﬁf@rtcr(ﬁtq] WﬁlS?fstah;fn In domed BMmbodithekts, %IJ é)!aﬁfﬁl@ ltRis p’l‘@ébssmg

sel ected fromthe range of i meter
step@omnriseshecstep of Hansfewingdbe ged or mesh Op\tq mearsp@vmg surface of

de TS GRHAE 8 coflORBfthurch RE sBBSecben iy uietitbigrintanie
sernicofdifiotelemiehtsnart emesot mote Surfacekiofrtitecprinte ged or aelsh, thereby
f t t h [
estoBstiit FefBu sofhefihutaunees HGEGsie dtieot: Meiktygy. i
ancﬁﬁb@ﬂbﬂ%ﬂtth:s ﬁ@ceﬂa@lr@tsﬁ? EoMPERINE WEsf tRdrsfarrihg via contact
rlsesa 0 senic uctor structure having a le

p"%ttﬂgébﬁ SHdor Bashinte anger gyorq ewPesedsivERees ot rrintekle sem:conductor
mcrons, a wdth selected fromthe range of 100
nanometers to 1000 microns and a thickness sel ected
fromthe range of 10 nanPage®30f98 1000 ni crons.
[0231] Optionally steps (i) and/or (v) in the nethod
recited above is carried out via contact printing
nmet hods, for exanple using a conformable transfer
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el astoneric stanp. In an enbodinent, the electrically
conducting nmesh or grid conprises one or nore netals.

\4'6‘2 Qlﬁg}godl ment, the electrically conducti %%&7@52959
E@gfﬁdfsﬁﬁiss%ﬁﬁaléa’ o8t RRE] c8'of ﬂ%td’é\)lcﬁi Substrate,

resent invention, the printab
thm'ehy estaumung electenatmonowtmnu hetween thesse aieylce :e&ﬁrg%ms c 5
sem conductor structure. In a nmethod of the present

[Oéﬂb!,s Ir“1'a‘i’\'rc3thetr téﬁwb‘qrdhﬂérﬂb he aq??ﬁrﬁ WHE&RR{?@E&Wﬁwethw of making a

I Ses ryst sem Co ctor materi

seﬁm@:b&ahctbnbasmiaoptmahw&em scemn)nshg thesteps @ﬁs(f) emvudugg aauo@tlcal
Sem Cco

TN T A A Wy A
meth orRddid Fidmbl ﬁlr%c@%éidﬁﬁﬁlcﬂrd jon@ns inlﬂp:@pfdin‘gaé dewce

conponent on tOp of sald sem con uctor el enent s
substeaterbaving aveceivingsiurfees;div) assenbling asglpfaeh@eofonnr%%hl@

T e e

whessinigath ogsaub @nntabld s&hneousdamtm@duehtsrcodpelse at sescahductor
recei vin

strugiura Ty 5 8ot SeicE Gar il Bngs ah B qhilfetia Bhron0
mlﬁ’fﬁ\e?érﬁsé Qﬁlﬁﬁ bSIeEfe@lWﬁfrﬁ khelRNgE @ d. @é’@l%lllh‘ﬁét@f@fo %G@'ﬁulhmeters

use as electrical interconnect structures and/o

andladbicknessssalesied foauthiprarge ofn0.008AH pulimetersig e’#mﬂimeters, and (v)

traégt%di@n%% Eéfrné;’%l ?orﬁ\ﬁggﬁ;ﬂa&%%ﬁ n@r?]cfgf( Hn%g% h@é&lg d@ﬁg& dubstrate,

wheseih shidaoptiehlestimpareint ismdositiooad enttopx of smd semx:oaddﬂor elements

asSBE0 G S i seeesing sc e g S s ilespin Saiq electrcaly
coﬁdlﬂ!tlﬂp drig\¥rimdsh is prdvidedibdtiedh sﬂﬁsdpn&élrdd?ﬁpb"n@ﬂt aﬁd sald
useful for sone enbodi nents, as these structures

semg:qnﬁpct@ngl,en@mtsg @nglyymreln@lalq mggal 8¢ 0p me,sa a9 pgpvnded in electncal

col AR Bl 4 BB T BRI BB 6

emtadirentpthelpintable semigoaduaidr elementegnprisesid serhigonduator structure

v oo 5 U o2 O 5 26 i i

widtAisefictR frém the ﬁmgfe oTe.02 rilligietets %6 rsmhmrm@tersaprefgraely for some
fil'l factor | ess than 30%is preferred.

25
applicagipng| %‘?ﬂgﬁ‘tﬁﬁ’%‘EQJH@'ﬂ‘Jhe F@igeeCPfegﬂrm@ﬁ‘l‘etPﬁtter wl\'ﬂ'@s%ef and a
wn&tﬁ B@cigoeﬁorﬁ'?ﬁé E{en cﬁcé i (g?érsttgﬂ RiIfmEfeY, pﬁr?fé%ﬂly fJt some

opt1 ona am nat e l'anari zed and
applma&pesx baength seleuteuurmm thenrange @frbbmilhmaters bo‘rO millimetess, and a

W"iﬁtgfgl}}?i?%fg?{“g gaS” ¢ gvgrperc‘etrgc? nig)etgl" nﬁ’%‘t? lte%@cgdar%ent the

prihtadRsderhicomdlicsr elerhegtrwmprrsesfacxenammucmrmowr@ bm:aga
rinti n%crret hods, opti o aI I

thifkness Salbciea, T the, Boa s oM Ve RIS f)aﬂyq'rmﬁtsf% jpreferably
for@gﬁ%@ﬁﬁfcéﬁoﬂ@é’ ﬁ{l&ntesﬁ sél@Bﬁdeb% trféﬁfahgé of [P millimeters to 0.02

nesses ranging from1l mcron to 1000 mcrons. Use
millimeters ciman embodiment,/ibe printabimsensicondugienelemgnt enmprises a

I
sofeaPB s Y AEE o) BABEEARER e ShAlE b 1B binometers o
1000 mierohs Rawittit Seletted@drom 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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WO 20081143635PCT/ US2007/ 022959 with printed
sem conduct or elenents. In sone enbodi nents, the nesh
or grid structure is also coupled to a support, such

v?éz(% 38350 pol ymer substrate. In an enbodi nﬁfiltmszf)@yozzgsg

ela%rﬁ@ i€stahipe IFRRErBodihbAL, %Hé éléétﬁf:éliy' @nﬂ@éﬁﬁgm@gh ¥grid
coupled to an el astoneric |ayer COUB to and gl ass
ee

comprtp@$ gReer MK Medals. In an sobedinatit lecirioady conbicting mesh or

onf BR8Pt ot E e SEnfepbleBF Aoty AR Aol e brssent

inveitien,she pdntablessmhuca:sdlmtcgi glerment canaprise® ia unitasy inetganic
facilitatesinteratlo id or nmesh_el ectrqde, or

se[MigQsiduBion skruCtyte: i nbod ot Geppsansimenucn e BRNGRE

s R8Lt AR S 0Bl bt Soinltr et

is 10 beneficial for establishing electrical
[0232]n k- sorae mstheds; saigesten obiranaferna saidanrtisalnemranent on top of said

segilemsn{:tﬁlr ﬁ@t?r?] ﬂ?ﬁééﬂblé&%ﬂ%kd‘é@? i réci 6’59“*’;555‘2& said substrate

ectroni c
compmiges printing saich oplumt componemtem top of said Iseascmrdubﬁbelements
a so transi

asé%@ggdmaéqj o] ggldl rag@mggaquﬁ?cé pﬁg_aug lspﬁ%tgg? ysing ton ac{ printing.

Fo? %ﬂ‘hl‘ﬁ?l@d HiehiiddsadfanE Prese it inbERPNTREINGS thehétp af sdepidlingshe
sel ected from the rang%of 15 100 nanoneters to 100

prinfable semicondistion slementsaid deariing SuACeNfiz dBHFanSir&oNtagh printing,
op@éﬁ%!yﬂ};sﬁwrfa 5?@995@5 RGP ﬁ%ﬁ? QEH ﬁé‘hn ¥astéihidric transfer device.

evi ce su aving a receiving

surface (| i) a plurality of printable sem conductor
[omainasb as gpigo useful ay eleatrigat istes¢arinegt structures andfos electiodes may

ool Ay A AL TN EOTEkES By S BT ERRRl G

doped Eemndactgﬁ)Oﬂn Qorﬁ@@inbudu’nemtsl mesh bogr]dk)@seful as electncal
omthe ran

mll | d f
inconN A Gt A iBFy RS Brk hatRe AVekER relbted over e range

of selnaﬁb%te‘rg BT OAT0 MRS oms&oﬂﬂﬁpénmﬂ lbivTRtigEter §@d 8r mesh
l'inmeters; and (||| a met al %?ﬂld or nmesh provi ded

SthﬁtU&%léﬂﬁB%&fOf@@ﬁIGa%m edimentsag sersamcwe%earbbe ifeiemented

sugff i a@@‘{r&%gﬂ@él%ﬁeﬁh?ﬂ?{]{%@%&% }@ﬁ%@g{@ﬁ}e\é‘t&%an 10%, 30%

50%eor 1O ddi irtcident electromagnetio iasliation havingeoselected wavelength Fill

tructure having a |length selec fromth o o
faos ! ST G S B ED o e ArpLpaors nge Rty 526 and 80%
prétetadh) BstweBATOLEDL N #NSEMeTentbodinénts,| ugERdfenésH ér gl structures

millineters referably for sone appl ications a |l ength

havipeiiacor lass than athde petewed. i ||| meters to 1

mllinmeter, and a width selected fromthe range of 0.1

[0294 | MERh @ ribi %tr%g kdd ué‘@?ﬁl%r el@étﬁ&ﬁﬁﬁt@dhnﬁ@ét s?ﬂ!&ﬁxres and/or

appl 1 cations a ength selected fromthe range
elactrodesrot thepregent invention mayeaptionaliybesa larainatese p@@awd and/or

f [ Al .
enkfAdIA88 s8R O TR REE o bl b B G
bondeqbto areelastopmericdayerystaT asa PDMS layendoifaglitatet Handkn@steansfer
cted fr mtheraneof 0Q3. nmi || ters
andfor ftp@iiot 16t peran 8 roresntact RE ekt pricgaly using a
cofxiaﬂnglaggagr@%rgﬁ@mg sggﬁ Astdies1ao@erie btath ) 0dséful élasierie layers
o 0. age o
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
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WD 20081143635PCl YHS2007/ 022959 millimeters. In an
enbodi nent, the printable sem conductor el enent
conprises a sem conductor structure having a | ength
selﬁéﬁﬁgﬁfromthe range of 100 nanoneters toflﬁ&%omn%g
d
WgnomtersC&%W%ﬁgétgnéﬁ g&gétehﬁﬁﬁﬁﬁness ge | ect ec?"d structure
is dis@ovupied ta geppdrt, SOch as glass @r polymer Gobstrater dman egbodiment, for

0237 t t t ' .
oxainaiee echis Eoaid sipvaliielh mech A FaRERU BRI dastoppri laver
co@ﬁlé@ %‘hn@é'glhtslsftﬁ pofypidraubtirate. $@sdm6mbnﬁglgatnmso thenelastomer

| am nated structure. Optionally, the

lay@f lsmsmqngd betran the meshorgridstrictue |aa9|éhe g F?f gglygxer
| .
substife. BiBior a30Hebf, SeRasibaE) BFBbTmbP R, ¢TI integration
of glichet mesh ietectragie or irtencosmeat etrectut&stmbmptlsai systams:of the present
rid or nesh 10 and said glass substrate. Optionally,
'“Vgﬂté"'?ret al” grid or nmesh is provided between said
recei ving surface and said printable sem conduct or

(02353 ”@Qé of gfitd bh@ A shyeledtitieraidadr elédtitad ntereshnection structures is
provi ded on one or nore external surface

befefiaial o1 estaliingrAleaiiohl conRARIANS! SCRNGSALRITaRE Sgmiconductor

o 0oy, B A5 i age] et b s s o
elestronicatevicetarcosipament ¢fsn estranicdevicdsucheg an LED, a laser, a solar

ool SAERUE e L A5 S et SARF B

semhdbmnbt(as pleaEnpin these methodsclasta thickness seletieddrdmatherange of
a length selected fromthe range of 0.02 mllinmeters
1096‘399"ﬁqrﬁlt9re1t09r'§'°’°cﬂ$d a width selected fromthe range
of 0.02 mllineters to 30 mllineters. In a system of

[om]s AERESMbodiRfne rthé‘bfe@bﬁt ineahtRASIowtes askanicanidleior-Based

onpri ses a sem conductor structure, having, at I'g%
ehdi) a

optm_i systeq eQrapritng: A psdavige ubskate hayinga &qeéfm $
ler?iﬂ? E)f @ﬁntgbﬂa étgnk {:J?]ﬁﬁffcfd’r%lé rits @hh# SR said '?e nﬁb@ §&fﬁce

aspec rint a e se ctor errent
wheosipeiask oasa;ud rprmtabzbsemlcoedmcm:t elementa&orn@nms 3 %emtcomtor

di
oo S PGNP0 MR s
mlmfnefté\'bsa WA Gblectdtrdh it Alvige aemmomldmmhererstoe 1900 ('rﬁl)lmeters
nprises a sem conduct or structur avi n L[H g
and ri’eth!ﬁkﬁg%s saleeted from therfangs oh 00004 el qut%rﬁltg il glers: an
(mf)% rr%@%}% JFrhéé fovldedtin e%ancgl coritatiihSsaid Plupalfy of sriftable

I's aspect he printabl e sem conductor el enent(s)
semicqndustos ebanmms supparteddyy said irpeiMing surfacealit ane@bediment, the

o814 P TR0 B A0 L S BGoic080, Bl @070  eno

seReRCrom the rangersfad.oe namm'e@érsd@ czmmullﬁhetﬂs)laadawwndﬂﬂselected from
assenbl ed on the receivi mﬁ surface b}/bi:ofn |
theyrangeiaf 0-07 iilimeyers don 3G milimetess jpeelprabiyior 9'"8 applications a

lerggchﬁfe{afeét%% R trﬂa" ral E®f ﬂfﬁ %fﬁme‘té}s% Sﬁ/ﬁnﬂlﬁﬁét@? dnid éSW|dth selected
spe

ct, the grid i's a l.am nated structure.
from thesrange of Qhrrulhm\e;&;eto tmidliraeted p@efera@waqr§0@§m&cat@ns a

1ol SHRBETRED 108 1 VPR 0B hetsioog

from thet ange iof 1 millimetes tqodelmnllmmdsb dn waemuddangmtl, theqprintable

h dt P 67
SeTRRPCLRIRS SRR CRTIePD3 ST arietol Siructuts having 2 digineys
selddfedirdd tRé ré]‘@‘érbf' 6.0002 HiiNlRdtdrs t\ed niilli@ ete?s, Preferdbly for some
surface and t printabl e sem conduct or el enents. eéjog
n

appljeations @fthlchn%SSa%%%@ed fromethg rargeet ROOR MIUIMatess; g
external surfaces of the printable sem conductor
el ements. In a system of pagesemops®t, the grid or nesh
is nmore than 50%optically transparent. In a system of
this 5 aspect, the grid or mesh has a fill factor |ess
t han 30%
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c. El ectrode interconnect geonetries for printable
sem conduct or el enents [0239] The present invention
al so include el ectrode interconnect geometries for
ri nta sem conductor el enents, such as prj b 022950
‘% @&‘ Qﬁbgg‘me%‘?sthé%nﬁﬂ’é §t§m€ Hiéme prises a
taeelecrode erni ng el ectri cal
semrd,’oadco:tonsmlctme rmmgoa twgﬂmmgcted ﬁomdhe sangepofi HOO ngnometers to

These intercgnnect es_ar cab
1006, TieoBs. apwicih Seipeed gt opoos et 1D DenrReLss 15 1Dgp nicrons and
a t@Eﬁr‘i@&fselécin fi6thBe SHGR! ofC B henorh&ters tol 160G hidrons.,
I odes, |asers and sensors. [0240] In an enbodi nent, a
[0;)“ nt abl e sem conductor el enment of the present

377 eRptionalifatbe pritahle semiconductor @a@ﬁnﬁﬂe aﬁﬁ@ﬂ@l@ﬁ?m&a*ﬂ

B AR R RS bubol, B ORIy s it

n
stredtare. rOptidnatipthe atetalrgriak ar rpeshnsd:@aded tman elagtqen@(?weyeﬁ such as

a R aust & e P it elihmert RySt Bhohgpia g olass

sulbdtidié afetemasEic ladiericic I@}'éﬁ@bbsuﬁdmdd tetweth eaid metal gnd or mesh
electrical contacts is exEosed or_ ot herw se acg

and said alass %-tbéﬁatﬁ QBlianab s the matal G5d oBeRLS Provided Betwesn said
rec%%%m fa d fénf Bgﬁt%bfé”se?'m(;@ﬁ(d&%{%‘l@ﬁéﬁt@t ©ptiBRANS 8le metal grid

Syst onent designis
or pmshns:ptomdegd ot anesett Moke exiernpr |sutfa¢ﬂ8eof§bemnotnblecsetm1conductor

o R DSBS T R ¥

leskNBad8Y9C Optivhalp thé phntadle sephitonducr@lerhert(s)icotprise larunitary,
printabl e sem conductor devices and devi ce conmponents

inagganie semieopdestor $IHCByi ce geonetry is selected to
allow two or nore electrical interconnects to be

[OﬁB?VInd&st%‘mébf%Q akgect! e égﬁta%'fe éé}ﬂlcﬁhutﬁﬁt@bél@ment(s) comprises a

sefm conduct or devi ce and vice conp onent. In so
semigopdueionsteuctarerhaving length srlected ffﬁg\ thedapep et0.02 2 millmeters to

30 HRITRRAEAL Sadh énﬁ(titﬂrée 2 ec@qga 9&@%@902%\4@&345%0

Jevi ce cobnmponent's 1's
mikimetergeth 4 systbinoof thisaspects thie printable samwmuctor plement(s)

i ded of t :
coBpitenaationctied sEudnt haiind Aok idtuding! phsisel gimension
sel@cteQQFBrﬂﬂ‘ie ﬂhkozéfdf 09 MaffActeASRENMhilinlen Flhlat’sijstem of this aspect,

nponent s. 241] An advantage of the

the-PHHaDA GeTIRATgLEIos 1eTaFTIe) RETWGES & SEMIGRIGHGE Shycture having at
Iedsf‘Xﬁ%#n@;ﬂu&@al%%ac&h@%gﬁ%& :‘égzgtl?éd RO/ the Hihgé%f' ﬁ‘ﬁllllmeters to 10

gra y on a Page 6

milimef6 81 d 3gSBmeofd RIS GBpect? IEpririakle semlaqmiuet@r ebmr‘é(ﬁt

co S0 s AREEY S GhiR Ak AU 8nd mgpoion

sel@f:fddql'cﬁﬁme/ra@ugéeﬁQmoaﬂhmmwétbts to10e3 Aiitimételes.i ned symem of this
met hods In an enbodi nent of this géﬁect

24
aspR@sBAPrin §¢@W°B¢WPH%'§"‘§”H§1 FRIpPISESR 'Pﬂ@d%cmf structure at
|ea°s?8h8 ef&%%egiorﬁi‘aﬁﬁe rl §lbcted %ﬁﬂih@qaﬁgé &f 0.002 Afilimeters to 0.02

st eps of provi ding an optical system or optical
milmeperac in alsystengofahisespiot, the Rrintakle semigandpetoy elements are

asgfrﬁﬁgﬁt '}gﬁ?g \8(\9 g@ﬁ%ﬁ%@éﬁ?t ri?mﬁ cmwgl §tQﬁ1 of this aspect, the

grid s esshaonqirises ahe ©p muye emétalsi alnca)sysmn qbthmaspggt the grid or

mq\ghé?ﬁ% & plaet Shidina s bl GLRE asmeah %8&1 ggﬁggﬂ is bonded to

an¥AA6hBHC 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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10 fromthe range of 0.0001 mllinmeters to 1000
mllimeters, a wwdth selected fromthe range of 0.0001
mlllmeters to 1000 mlIlinmeters and a thickness

sel fromthe range of 0.00001 m|linet ¢S tQoq3
3/{331 onél Qngﬁi?%‘?qﬁéﬁ% gr&%ﬂétﬁ&é‘ﬁ b receuv?ngmszj?fsagce and

don u a sem conduct
theqsrmmilel senﬁwndu@oaelemegm !sned systerd of thisraspest, rthe gddor mesh is
mllinmeter ters nd a wi.dth
proyidea A eNeah irTaces s e Rintee SSBRaREFoRgEEIHrTS. Jngysystem o

tmgfa&rdécms Pﬁd oP hféfsﬁr@Ho‘{e irﬁarn W%pﬂ@dlly't%%b@r@ﬁt aml £8@htém of this
sel'ected fromthe ran . lineters to

aspact, thengridor mash hasya &l?ﬁ&C@éI'Qﬁf’ttB@ﬂﬁQ%mthe range of 0.1
millinmeters to 1 mllinmeter, preferably for sone
appl

c. 2P lEI‘é@ﬁHg@Eﬁ{\fbf&ﬁﬁ‘ﬁéﬁﬁﬂ?@?@@ fbf ﬁgfdvi\fedt& e rg?:uclor elements
fromthe range of 1 mllineter to 10 millimeters. In

[0238] eTihediesent mverlt@nmlsmmalmlde edentiode intatcoonect@eomsiies for

oGP A RFRR BRSNS Al lf ABE BREERBo By FHAERR coves

corﬁﬁbhér&@ttﬁéﬁfacmfa@é 8leghbile patterdmgRaranedtaed! i Ilmé&oanectlon as
ckness selected fromthe range of 0.002 mlline

assesnioy 92 GANtAGtRENENG . Thesentescanechemetigg afﬁ @xm"asp's S a range
I ils, LED
of BB A AoRlr AR i RPN sOlar ol LEDs,
trangistors Wiodest laserstandisEyBora. cr ons, a wi dth 25 sel ect ed
fromthe range of 100 nanoneters to 1000 microns and a
c t ,
[Offm) Ilﬁﬁﬁ%gﬁsé ﬁ%bg%,j;}ﬁrﬁ%ﬁlé %%gﬁ e f?)&g%?ﬂ&ﬂ%ﬁffﬁ reSedtGnvention
hapaidevick| geosmtiycsuch datdhe ebuetaemtmcalres asich ais| contash pads or other

cont ed receivi sur f tical
ele P s corineglion skttt B8 fusing SeCyER coP PR Jjblived on a
singRVéide! bfjmeq{nnﬁdbl@)zemfcoh@ua@ﬂeldﬁ%nt APteQéraBMfu%otne Ubﬂce
fabglggg i ntabl'e seni conductor el enents are assenbl ed

arrlications, thesside of thedritake samicenduater glement that has the
eIe?H{g:hF@d t&&?@{&ﬁi&%g? %}Qéﬂ@\ﬁ@@%&%ﬂ&h Bﬁkr?sétgﬁ pas blmg the

r|ca ron p e present I's hig
pnntabmesenhmomdw:torlmmentcmn@ devibé substrdie optiaaigysteim or optncal

corggg gglg%]ge P ugfgéo}ga%t@%r}ér Fﬁrﬁgblggpﬁﬁ%%%uc%’r)elements

coﬁaﬁﬂﬁﬁg %Ricfﬁronicl @‘Vkeﬁ@é@ﬂﬂit&@tcbrﬂﬂo@mleaﬂéal conpotsotdiferent

compBREntS of BRI ich ash oA Selb L ERLPGIANSHT. B RORER s
serﬁfé‘énéﬁ@ﬁb’&eﬁ&%’ &Y device é&nﬁéﬁ&ﬁé BEihis asfrfébt @ﬁ@&@\h&a geometry is

rintabl e sem conductor elenents, such as pl‘l nt ab

_ seleeneddo atlow thwo obmasel etectricat @mrcomts:@sbeapramed ﬁﬂu%ﬁlng'é side of

o 7 S e S, bR shens
exafplel tHe duping asd teped compementsiof aprintableesdnticomductarevices and
devles SYmPRBRNIS 5 SaIgIPY AN 0 SORMRYY Araadltp Bpw,pletiga

mt?r@?ﬁhé&§ to B8 pRNIdedtdn 4 singRy sid@ bf e prntatile Qé’fhic@ﬁbu%tor device and

ters, a fiber optic ellement and an array of
devige comébewmtnt s. In an enbodi nent, printable
sem conduct or elenents are 10 asserrbl ed on an opti cal

Qé@.g&?gg NEoractritiRdbheld bS&irtly 3% dotiBhl bﬂlslr.‘gé

mol di ng. In an enbodi nent, printable sem conductor
[02413 nén advantage ok thetontacs priatimshesaspraeessing metods of the present

mv§b{ c%h}c/ fs%&’ they G Einpititile Gith YelidYRsEDhBFANdSAR gPtioch&¥ctly on a
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[0245] Printing based assenbly allows the assenbl ed
printabl e sem conductor 15 elenents to accurately
and/ or precisely spatially aligned and/or individually

addr essed to features and parts of an opti Ccgl-rR%S§eS/R2950
rang)[emt aﬁ' &em&%% ptucéfb%cﬁi@??ﬂh% Tﬁi@raHSWQ'ﬁjaﬁrange of

nt|n t he conponents in an
useiulrsiu;uctlfres and davlce gapmatrwsstom aﬁf@!@ﬁbrtacﬁe‘#‘-‘yﬁddﬁ"gﬂ]@& present
with respect to at |east one of said printable
fab%'@?ﬁti‘%b'ﬂﬂﬁ‘t?pﬁr el enents, for exanple aligned to within
100 m crons or preferably to 20 within 10 mcrons. In

[0232] €Mh adligimiidimént ofehis spect, mrnreséntmwentmm groavidesva;method of
each of the conponents in an a

e DB HRICON BP0 QAHGRBYP T BB Eea N Sigps pE 43 providing an
opt&% gteﬁ%r% Eél%l'f’rﬁio eﬁﬁﬁﬁﬁiﬁ‘é’?@dﬁm@bw gnd (i) 288émbling one

cont t pr onto surfaces of optical
or Bped pmnablecseummmth§ eneentd bpsaitieceiying S(Mﬁfaﬁ‘P of a@fg@pﬂcal

f
oS D B S R BB BB
serﬁu:%hdtmor é’lbmehv@@npmsbsfwwhlcondmctbystafqtm’eehaamgla:lahgth selected
o o G bR A oS oA sy o e
r@%tdfcé‘ bPGY Aififefdrs & 000 ‘?ﬁﬂhn{é@% a’n@%thﬂﬁeé@@elected from the

tabl e sem conduct or el enent I n some enbodi nents

rartgecofp@.080@b millimeters tn uvillisneterse nrmm ambedinesy the priptable

seri\#:rgfgapglﬂ? %leﬁgi;ﬁ g@bpﬁ%/ g% %@%é&g‘?&%ﬂ%ﬁ@e@ﬁg a length selected ‘

frogﬂhg(r&ﬁge &l otozamllkﬁlers tloasgnamgmtééax arcka Width selestaddrom the
i odes, transistars ot odi 0
rangef 49 QR wilimaters tBr$Q1’E"QW‘E eLs, prefg f?gﬂy:{o&soglleearpgmzatnons a length

seleeRATRIng %é’fbnb@ ®f 50'1 fnﬁﬂifhe@érs L1 malimetes amdta witith selected from the
conmponent s have thicknesses sel ected fromt he range  of

rangeofn@sddniirestersite 1 oullimetaropreferplly dorgorag ag@catms a length

se%?%?f?oﬁ%? qéé PRI rﬁ&%?sr’% 1Patiheldss (f‘?!fd &Wl&ﬁl%élected from the
presen I nventi on provi des t he cap ab

rar@fe ofi 1 m]lhmemrdgr‘eﬂ nnihmeferspr inrmmeinbodierent,dhel pgotable sem!conductor

ot gD kA B s om v
rarﬁje'tacﬂeomoafn?lhmﬁ% :cds afllimtdts) rmfmrdbly @Jrfwnfeaaml?étlms a

i ca stem or optical conponent via sf er
tht@lmeﬁﬁéeleﬁi/edqum dhe tqgtgpmép g2 mifimetersite G5 mibAgees ofn an
en@oﬁﬂﬁ&’itsth% Spf‘n n’f’aﬁ& @h%n@{ktﬁ%@n’feﬁ EbrY\bHQe§z!|J EéMicdnALictdstructure

opti ca onent usSi ng
havnagfaalengﬂxlwl&ot@ﬁémrtheleangseof i,QQ naa@nater%t%éﬂwfpr@ns a width

se{e %gsf er devi Cetc& 1®r%¥me S%n[g Q%O }n{rlzrqén ryg%@tne(ss éelected

fromm\élrahg@osaodwmmevéwlmoormmdr@ devi ce having a
contact surface; (ii) establishing conformal contact

bet ween an exhernal s rface %@ of sa| 1d rin

(02434 cloriams SMbaREYRINE, o Brdia e Epre gpgpmbled

onfé’éﬁrﬂ&%@r@céw:ﬁ@%ﬁﬁécéj@f\/édi&opﬂmb@mﬁoﬁmtdsWﬁthhWUrved
contact bonds said printable sem conductor_ el emqent

sudate(skofi leos, 608 BHAY, wavaguideco Al of wavegHigesy M?Hlﬁ"ée'% the
c
pnéﬁg'les%}gfé%cg%qt@d %Qﬁghtrsfbegg gﬁg Ble%?rg a%Qé“a'tPfég (;Jﬁlg% E%ﬁﬁr receiving
sugfack(6) of) saic pptica cmgpenni printabl e sem conduct or
el enent and said contact surface of 15 said

f or mabl r ansf ' .

ro8#41 ThB e EahpAiadiase e Eaubl Blaffotmth TR s s nighly
vefgatifeeard, enoécompatible aithecorange ofioptidat gowipenénts mcludmg light

Fabrication of solar cell arrays via contact printing

[0248] The present methods provide an effective

processing platformfor thagdedofemti on of high

per f ormance photovoltaic systens including solar cell

arrays.
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20 [0249] Figure 57 provides a process flow di agram
for making printable sem conductor elenents conprising
vertical solar cells that can be subsequently

and interconnected to fabricate aﬁ%ﬂ%&oo%bbw
c:%kic op %?gﬁgﬁ%%@'tlﬁgﬁb eﬁtrﬁir&f&&ﬁﬁ &6rﬁb@néf'ﬁ'§ 'h?Hﬁdnffusmg

rintable so
optmall tompoients, Iighbdisaerslng(omm;al qymngnwafngmt filteding optia

compReis AR aans Heamr”h in B ERAR oF APl Bffabie”

seﬁw %ﬁ&&ét@ﬂeleln@ntsh bEctPa® pAmableGepiiehdudto? based et@ctrmme d8vices
1 wafer is cleaved into 6 equal parts. Next,

ancypbde\g@eeaoma%&nts,@re assemble 25 ¢ FRCRiviNg sytface of | F"'?’} %ﬁ’ﬁ?&' systems
or Eérﬁé&enﬁagﬁﬁgte@ Rt He 'céaégﬁﬂbzgh %ﬂg‘% [As \Wafa Ira ré‘ﬂé%tor an

oron 1s a boro
arrdy of eflectors, faowvavegaide, an aa'ay bt %@gwdemanmmsal oqayngmn array of
nove

opﬁ?clgi EE@ﬁ@SI %ﬁ Sp{l% f #fo AN agaggg tl(%r g eSSI ﬂ%%p?%%egn% and an
arrg o?ﬁber\éﬁt@ ‘é@b?ﬁérﬁ%%&?@@h%&ﬁ%t QRatle E6RTbhdittocelements are

eps in Figure 57 denonstrate processin

asmretpigd @ncarmm@at GasRRONedt oF SYStRIA fakyicaiad Bnreplica %ﬂ?ﬁ such as a
lenSior YA 4l rablicdtSs bl Qoph Sndilifa! & bR ernftildiiént, priitaolBR

'S pa on spatl al  di nensi ons
semMnmmeelemeam)meatsembw an a PDAEE moldechopticabstnmtere, such as

enerate deep 5 trenches ( 12 min
S”éi @?\a%ﬁ@; '??4565? éoé HEYsi 1 con. Exenplary ribbon
di mnensi ons and trench di nensions are shown in Figure
[oﬂ?if] Phistiny sesesissdembdiyealions tihé aesrmibled pR¥ble semicé@iuctor

clesianigg fecuealghaRdLor FRENTely SRSl AHEnSh AR BbintiGiughy afsressed to
fe r%%nh ae %hto%ﬂcﬁ\é%ﬁé\w&!f @ptlcénéﬂrﬁﬁor@fﬂpmaﬁ émboéimféht for
egree tage nmis used in this

examplee sentagt mrélpg atraws waerepf iihg cpmnsmseﬁea aparyof optical

ool e SRR B SRRl oy symonine

semidandoctor élements; gyl exampie alggrmdto%%n(m giidrans onpreferably to

mask | ayers entl OXI
Wl EGToaS. FoA7eoaDaTEeE Toh SHATRI S BRI AICWE & of the
coﬁh@@hé}@tsm Qﬁ afral b oplidd? 58d1p5’ﬁé7rﬁ§$§ bétrmﬁd@ugradd&ssed to at least
@gure 57 denonstrate processing steps and 15
ong

sridipsintatie semigpndestor JementSon. | n an enmbodi ment, a
n-type dopant, such as P509, is spin coated onto t he

[0%;_)68 9?"{4 P?A\% r;})hht?@éht@ @Uﬁacﬂ‘@f dbhbﬁll%%sfé‘h@é\ﬁd E6mpPonents

or ex arrp e, m ns.
enaues fahrication otrange of systems amclm@ngz displaysystems, Phetgroltaic systems,

T

systeglgench@ied Wil tesendatNeastrgpart oh the b,apesni Ipantablﬂ ¢lement printed
dlfferent thlcknessesfabrlca dfro géé( \Alatﬁg{? ductor

ang thg,typg ab OPHicAhSYSem %frqswonfa a&f%fﬁ&/es RiRAigsemiconducto

elén'ﬂér%) I [sgﬁ’éﬁdmﬁécﬁhh'éﬁt@ﬁ\e%rﬁﬂétﬂé%eﬁnd@in@hct@h@l@hﬁ%t h¥sembled on

characteristics of an i ndividual solar cell device
the sibyfdcezof opticalisygtemseanst carepanentvaesiecipnit devieaser camponents of

oIR8 ™ LEf 4 R s 3 g PB8L i, ans

phoadicdesy 12 Someiemttdiimants, thelmintable bernicehdattonelement assembled

-0255]. Fi gure, 60 shows ocessi r n
ondRhBaRcs PRPIEAEISTES el CaBpahits te HidkApRhed Shiéd8a from the
rarﬂee&tﬁg@hﬁn&ﬁéfe%fﬁaﬁoenﬂ@rbﬂs 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 nesh is
printed (lam nated) on top of the cells and serves as
the top contact. Panel Cpdygevr0eof 9 plot of the IV
curve of printed contacts, nodules fabricated in this
way show total efficiency of 6% The Inset in pane! C
shows the top and bottom printed nmesh el ectrodes onto
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Figure 61 provides a schematic showi ng a solar cell
| ayout of transverse type solar cells to be patterned

WO 2@s/Tsé> pP-type Si wafer and capabl e of sulE@ERIBRT022959
[0287} e08e Bf eérﬂacttrﬁrmﬂﬁ@tn ihe prés’brﬁ HvieRfidn Erowatesm cdpubdle of direct

physi cal di nensions of solar cell ribbons gﬁy@
integratiemekprintakia samicanductar glemests with arapgeolARligaLRystems. Inan

enft)aﬁgtﬁgﬁtt f%)r eﬁ;rﬁﬁle, éﬁ@gglp%%ﬁ@%ﬂu@ﬂ)r% erféiitd a c?a%é}%nb‘fédﬁ‘on said

ograpny rocess,
red@i\mugasm*face afandaptitalcsysfeny or eptical poaporsr via dry tramsfer contact

g TRy (L 36 COBEEI SAMIETBLATE AREHbRY g receiving

suﬁééeeéfrhﬂ optital §terfior bBﬁ‘caﬂ’ @bﬁ@bﬁ@ﬁ% sy &@Mf@ﬁﬁ'&tﬂe transfer device,

bons. The t'op boron dopi ng f or ‘maki ng

' su@bas an elagtomeria fiansfendeyiass(erbr BDMSdféiﬁmﬁ’b rrba nwm@dr@ thig aspect

of ilh#&‘rééém%ogmgeﬂh%%% oflﬂzjﬂ §§r& %ﬁ@r’m%lﬁe transfer device

mented’ pur pose se a junction ar
haang ataonpeot gerface) (xesestdbdasbrhg mbnturmamdntéc:b bmemrdextemgl surface

o S B SRSl Pe Nt 8 e S g Sef2iromabi

traﬁéfepeé%élé“vﬁiéfréuﬂcs‘érd/‘bdd?oﬂﬁgﬂ cBhtalot Behdy' ﬁ@ﬁﬁntabl@%’éﬁirconductor
gure g provi des an overvi ew schemati ¢ show n

ele;ment&sarﬂmmmbsur&gen (i)xeatactingisatd rrinekle gemg:oggeﬁgr element
ol R KRR koo i CF LA BRICA GBFponent
anel(whsmarawsald priatable é.e;mbmmlcrtareﬁﬂerbemtmmdckaﬂ cqmtast surface of
saigizonloimepla e e Kan Beamor a<repTtigo seidcRiRBE seqriuctor
eIéMé}ﬁ RN daft] FERbivtY stitfdce ok Eé&'ia'db'ﬂcallﬂ%m ohBAt. pat t er ned

sol ar cells are undercut enploying top and side wal l

paSSI vatiaon and KOH etching. 20 Fi naI 'y, bottom boron
i kabrication.af solar cell@seays vig comtactPinling, i des a

schemati ¢ di agram showi ng processi ng steps for

[02%8] t TR P%eﬁpﬂnéfho@lﬁ Iprovidd BR Fettivelsrbéddsiracplatiorm for the fabrication

hot ol i t hogra and STS deep R E etcm,cgﬂ process

of Bigh pe! omawmtowltam %/qur@%m'udmesqdar agiexy in the
process flowis to make cell patterns through

[o2%ap! P hgé@ﬂbﬂﬂ 09€§s°ﬂ6v?6&‘g¥é’rﬁ féﬁﬁal@ﬁ@ maabb%maonductor
pr on 25 S waf er t chi ng

elemmts cmmrmgwemcamlqrmus thas cpn cbecauésecmerélv @ssgypblediand

B hto B A Tl S5 - A7 Mt

vafdu procested apdonditibhs formakieg prstable sots bl pbbowtrom a Si(111)
t he efched structure has sidewall ripples, which are
P-MRRWAIREN out subsequently with KOH Also shown in
Figure 64 are mcrographs of process wafer after

[OZWDPr”dcegé sieP3 7/ iRfirs b7 WefhorStrted DrodslsingGtémyAicconditions for

gure 65 shows results fromKOH refi m@ré; processi ng
theo!raqkr@rf@paéa}&ﬁpgn%ifom He this Pregessngstamh ansinch §-tyeersi 411 wafer is

IPA and
ciogig RATBIELA RPN 1 pRELsdd VB GGty Acore an
Prranlna aleani Boporot B2tHEODi$ sPECHMDas tie: wafer. The wafer with boron is
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 result a junction that is about 1.5 mm

thick.

Page 71 of 98



10

15

20

25

30
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Figure 66 provides a schematic diagramfor boron
dopi ng proceSS| ng. After the KOH refining step, boron

r formation of top p+ contact is coseushefn22950
g;%'ejg O(BI ﬁl’iﬂ Clif FW@SV%%@%tr&te%@bé&nﬂ@@éps and

ayer and W ndow I's created

comhtnnﬂ fior hb@@mfﬂﬁmaaml A0 P&C‘&W ayde %%U%e tegpakgythe resist
oo Toe i S5l S AGHY gl Arshobs haFeon

expdsetilskide Wit BOEIThen, IOR- DG{}En- 2&(30 rdnsis alsed wgemmatamep

o D A hede 5 e B b R A e AR pepsions and
treBEI}?B J&ﬁddé‘"érlé ASWR Y F%r@SﬁOWhE %rdée%géﬂ\w%f&r id éléé‘thédmORCA 1

oron dopi ng so sho Figure 66 is a plot of
and IOk nefining fonaboul 4 mints torramoxe isame:nf AM)SIdawa" roughness. Next,

PE SIS AR SRS dBbpSl AR rd AR biporaton

60RRrastage) f TioweB A80 Am is Dsed i s pl‘ocemg step Trey whfer is
- create a _shall ow h@nctl on élOO 300 .n

exposed to FYBralphing of Wy gxpesed xudgmgmaé%@ea%ﬁv%emmuwg KOH
is hég'?%ggtd‘hﬁ E’Eﬁ@ riBbOrs, q@r@é‘rﬁdié’%s:@é’t@s 9ohmH aBlition. The

I Ng process O Pl Nng source,

medali masjhlaueqsame subsem@atlyarﬂmg\md |Btp exjde pneh nigriste: laver's are

mekgjnsg OL porsEORE oGS 'R Gure 67 i< o

m cr ogr aph of the masked ri bbon structures for
[0258])aProoeds ptepsihand Esn drignire §7 densansirtesprocessingsteps and

corsfibrecf ertiterdbmiii I A s Rt ot s Sbath Syl se Po0o. s

spit AtRPOROAME Ay indeiat HbRREEhiy ITheR-tyid dupaneEsd. nasog) is driven,
After top doping processes are finished, PECVD Si3

for exampip At 980 “6<fOr 1D MR JtVSRIeRRP A Jynetigeoitnag m@%ﬁoo nm thick.
Y h
N 35 BTk B gy mostes
orNQAn t he sanpl e surface, in order to make netal
protecting layers on top and sidewal | s except the

o PR o S B ARG o R s

fatiricacdd feora batk wafeess {Toptd bottdnay@midroms, tiBenisfans, 22 microns thick).
wet - et ching step. The thickness of the cells can be

to357f ol 88 pihyacica Bty Biaabyd PodPa s EROa holigyaLsotar cell
deVice élébrtob@edo@élh@ mesmeéaaq:rowsen@ pf&drat. Thisexandple device shows

initiated. Fig vides a schematic di agr
effigiency 0§ 9 J@@gawgo F&urq Ha showag ghsqw celigey %a Yatica] geometry
MG a 70 provides m crographs
prl OW ng ﬁ%ﬁb gﬁng proeges& ng and bottom boron dopi ng
shown in this figure, the bottom

ocessing. As
[O&ﬂf Eézlre 80 shewe @radessing@pr ganesalingrtep cantagisfor theiuertical solar
cefgé@%qﬁ@t’eg egédé@h ic Wm‘éﬁ%é data’ Lﬁrtsi‘ rtﬁ% ?r%rﬁigglhsgnlé?‘ cells are printed
ontd aMuTECu mesh rsfrucméahseslbm\amsf panerlhemand B.Mextra sengmdm mesh is

08/143 /US 007/ 022959, t he KOH
priBiech{famyNatsl g (AR OLBBCEIR S SHVES 68 e IBARBLEH: BARSkGshows 2

p!o?%?h'ée lWélIr@é bt ﬁ%tbéb@ﬁta@@,nrrb@u@%lfhtbndawmamsmd&gﬁsﬂdmotal
for boron doping. Boron BI ng i s conducted at 1000C

efficigncy ©f ftn Tmﬂgsﬁiu@ REngl. C p thesop @ndiheBopRrinted BISBn
| s and renmai ni ng dopants are 5
el ?@gﬁ% oaﬁéﬁn?ﬁh%@?‘ﬁ&%nha and BOE. Before the PDMS
pi ck-up, PECVD 5102 can be deposited as a top-surface
passi vati on from NOA contam nation. Figure 71 provides
I mages show ng transfer dagehZ2eid&r cell ribbons from
the source wafer using a PDMS transfer device.
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[0264] Figure 72 provides a schematic diagram
illustrating contact printing and 10 pl anari zati on
processi ng steps. Also shown in figure 72 are inmages

vﬁﬁz(ﬁg/mgssassenbl ed solar cells. After m cr o $s2607822959

[0256¢ KEigutéPs Pirdvidds SSdchdtatitc sA¥witigea 86laNéadagslit@f transverse type
recei Vi ng substrates such as glass, PET, or Kapton

solascelly taba pattemedomasiivyé> pivpe Spwafﬂnang capabigiof gubspauent

as%ﬁ“%tgk g? éﬁtgﬂ%g?ﬁ g% ?ﬁ\éﬁ%ﬂ rﬁ : ﬁ&ﬁ égcghé g rg\éérgér% of solar cell

nblEMﬁ End@@éﬁéﬂnerﬁ? ftmaebpamﬂ a rmthMlﬁvaieg ateepkosldlednn Etgare 61. After
en mcrocells are placed on, fop
thexgatterig of 66 RIOUNIRRCINNOAEREY 2173 iy GLDIARICasedoping
prd@egé RC&nldacede FTQHH §2 gmeéjséﬂérﬁah% dﬂ%lr%tﬁéﬁfoptr@%cheme
top surface wh I's covered ter
whpegin batondif+) agd phasphamus (rgh doped eegiansargthatigmedionige external

ot HE BRI G TRERY ot TRIOFA ARy B makns

tofl P2 65ntatt vhitecthé 3o pb@rsgﬂmow”dopir@fan onakingpmynttiens. The sidewall
results of petallization processin [

F 74
doping sirategy s FepiEmenad RuTBRRelHiVIP eiEasR ¢ Hnclion dregand to prevent
po$Kile SRSt Tiveuit Rﬂnﬁﬂoﬁ'duﬂﬁ‘é e r‘nété‘ﬁfzatl&h 8iRpdtTRé Béﬂém B+ dopmg is

ayer, C/Au |layer, solar cell, planarizin r an
dougfnr@eeatmshacatsgrfap%ﬂglddﬁsﬁ) aftey mﬂeécms)f bpgomcﬁuﬁaﬁ@wgh KOH
etc' H{eé‘gg ects netals are deposited on the entire cell

Q 1% RRE sel ective areas are etched back w th netal

et chant using a 25 photoresist or NOA as a etching
[0257)t Biguien® peoyvidies akf overvieweschematic shewingithe process flow for cell

. mpl emen t hose netal |i.n are,.i sqlated an
Pl RIRAT daring, BRSPS shanm 1A 1g-28 fia, 8t R OIf 261 pagerns are
forﬁfiéﬁfo?ﬂﬂetwhfélouém h@fbhtﬁﬁgta‘pﬁy lapyl @y elcmrghll\fexwaspatum localized

i mnate the metal shadow

can, essenti al f}
borasydaging,is 'gpéﬁgut\,qu \nggw\;gmatmegndc@ﬁpsu%ohlg{(t‘. gpatially localized
phﬁ%ﬂogot Eﬂgﬁ}% ESicQ ¥ [t Wifddw Ritmiatibh BRE difRRM. NdxXt e patterned

surface of the substrate or at the bottom
solaocelis araeindetdut emplaying topandrsideswall pasgivationtang KQ@H|etching.

nf trategy, we can al so use
F"}%ﬂ 4%@&%%@@%5%&%“ Iaq?'nl’{ctcell surface from KOH
etching step as a surface texturization. Page 75 of 98
[0258] 2Figbreles ﬁmamtﬁmamM@meeﬁiw ptepk for

nensi ons r|nt e.se nduct or el t 6], 1n:
paferBieir el aihous LSRR aahy Shd TR sk TP etching
proteBs BlepsOfAs SHOWITRhis Figare, YMet firsPstep imiNecproes8sNlisad aiake cell
el enments, including printable senm conductor based

patieqps drough ahatelithographinasdeiaep, reactiverign stoingBosefypragess) on
buRhé‘ﬁ hedd; wardl Rgh Q{bﬁlwﬁﬁb HRSVD Hi6, é{ﬁ(ﬁ 5%%]19\5 %%crthesust are

presen I nventi on spect tot
useﬂ rhalthn dnysetchinlg,sSfyparx Of arer usedHor etching and@aktetfor passivation. As a

e R BB s BnSRAGe, lcneo

strdctutedtfas mawﬁp;ﬁé@ GiHicmara sragsthealout gms@qeéwmeOH Also
devi ce conf |gurat| ons and | ayout s.

shewe In7Biguisy @4 Atremicip@ranbs ef enoa@sawg e%ﬁéﬁb'?emv F'af R Sesist and
Sl@}lﬂé@ﬁﬁ%%&grsl%l LRt 65 Showd FERURS B8R K@Pldreflﬁih?i)?ocessmg of the

sect |nen 1 ONs as used In th presen .
sidewalis bpthe pattemeginbbons A Torremone sheasideyalb ripples. a&ohast time KOH

R TR TEWR P ————"

PECMEBIQM. i on the expression "l ateral

Page 73 of 98
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di mension" is exenplified by the Iength 6000 and wi dth
6010 of the sem conductor ribbons 6005. Figure 75B
provides a cross sectional view of the printable 15

ctor el ements conprising 4 semn condy&tgy:
Lovjé? 0%%.}1 8Bprovidled B%cﬁé}ﬁhﬁt?(éhagfanﬁ fr bofEEdping bﬂiléez.fg 75.9229/5\%& the

expreSS|on cross sectional dinension" is exenp
KO refining ster.kieser deping ferfformationofiter e geptact \smnen@led PECVD

SIS0 13 A A Ry 398 i o s o
phetolithbglapby aediBOE det etohirg. dsendcping agéntdeitter spinroradopant or
solf SafeAAIE $uG8 ¢35 B Uskily B AINGSIon RHResS K STTHUCRREAL000-

1 1W@uﬁﬂertﬂ‘tﬁ>1deﬁt (§6ﬁﬁ stﬂté%lﬁéé)rb? rﬁfdbeﬁﬁix?ﬁéﬁ‘ s Irspirh@n-dopant)

ran mm f or ‘some app I cat1 ons,
atraes eedAlso(shownen Fmﬁ 661s a miplog@PhOf e masked nbbon structures

haﬂﬂ cgoﬁrlriﬂ@dp §r @Fal?e@oﬁ%ﬁgﬁ’ ﬁﬁ]c ﬁ@édéh%bwln % %ﬁs a plot of

udremnuee@st\mltageﬁr’m'mmgmmn olralresistance.phot ovol t al c
systens thereof. 25 [0269] In sone enbodi nents, one or

B8 B 7 ok AR R o BB Wrocessing

Phbsshateius\doing ¥ b wed A ICHE BotdrPdoding ﬁﬁordswtocmataraﬂshauow
devi ce conponents, are selected over the ran 0.02

jungtion 610§93Q¢fnmida a@mﬂ@r wawig korep HPB@QM%S lg'l‘%ﬁ?@ﬁfoéis doping
t

wirllBW Binqi i PECIS 50 SRR ohaghHOGraphy arkf BORMet-etching

pracess.ohsa dbpngcsburceo spigzrodopant ssousedaartsbapiplied by, spcmeoaimg The

B 8 oA 56 A B BB e e

67 iig1a Imicriogeaphr af k& lasked Abbem Stugdtores orsiocalized iphesptirdus doping.
devi ce canponents, are selected over the ra

of
Alsg shown imbiguse B4je apiotsf cogrentysrsus voltage mdlcaﬂ%g a 80 ohm
re et43635PCT/ US2007/ 022959 1000 mm One or nore of
ateral dinensions, such as | engths and w dths,

are E‘gﬁferably sel ected over the range of 0.0001 mmto

(0264 fef8 pivislespsahematis siagramshiowing sidewall passivation

f t
o8 AR Frop A pBb S rk HeFEASPEE9BIS0RE agpnstena
prosestingdaybsdn KOHUrterntitsprocess. Ukb make anretettimgwindow where KOH

em ond ct.o0 sed devi ces, and 0 nent s
etchifl LEREFRC s S Aliade DENRERR Y 8 55" nigie SR 8% Hirfvle surtace,
in éPder & maks metdl fpfrétecmgameu%am toprand sitlgWRiNG ieXBSpt thel BOHEA surface.
t hi cknesses, the printable sem conductor el enments,

The metalfongr ﬁﬂ%ﬁ’@d’é P@'@@ﬁﬁ droRysiessAuentdny eleh preeessingy and thus
r R S PBRAUER o MO A ARG S TRE il of o ol
carvbe réadily coptroliastly adijasting metad demsut:mnﬂgle;sSecondly, RIE with

CHERIGE A8 70 wiflcxpltef SFatthe Bofioiod P aER SRHE K etgping can be

mut(é@éd CE@um gewidee Loireantididiagtam sHowatg Fﬁbceyﬁng idirehe formation
Qg_g of . 0.00001 mmto 3 mm for some applications.
of Q K

Ftchiﬁ‘gd’H”69‘6’1 cal systemof the present invention,
the printable sem conductor el enent conprises a
[0262]" Fighurd ﬁlrovﬁfe% li'ﬁlb#ﬁgﬁaﬂl%Vévanib k@F%tBhiﬁ?' pRédeRding e bottom
the range 15 linmeters to I'i meters,
borgn#loping mpnewnga c/c\% ahwra;m thisefigusaghe Bpttomasuriace is etched with
I
Koﬂjél] nglisoz r?ta rfnﬁvtzlﬂ o rlegult‘%lﬁ ‘?Jrnﬁt- 4&8{&%" ggfr{{:tﬁgén%%%@gefgﬁ &sembly
vnae:loataenpnmxmgo forseetarrmles asing ancalastmnem confoumablé éransfgr device. After
l ength selected fromthe range of 0.1 mllineters to 1
mllimeter, and a width selected fromthe range of 0.1
millimeters to 1 mllinePage Mof®8 opti cal system of
the present invention, the 20 printable sem conduct or
el ement conprises a sem conductor structure having a
| ength selected fromthe range of 1 mllinmeters to 10
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the printable sem conductor el enent conprises a
sem conduct or structure having a thickness sel ected
fromthe range of 0.0003 millineters to 0.3
wobdkABk&s- In an optical 25 system of the peR§SI47/022950
thd R@Fﬁétbﬁiﬂg, S tHY botioib SEsHeABeC8 RGN ar tﬁE‘S‘GN4 protectmg layer

onprises”a sem conductor structure having a thickness
cas beemtl used as mbanderfanberonidopingo Boran daping isicondiected @b 1000C for
' ers,..In an optical systemof the present
‘%WW) éﬁFm?Me printabl e sem conductor el enment has at
| east one | ongitudi nal physical dinension | ess than or

[0263) aAftéothe dttoimciaron dobimgapasshlatloaIlayeysamdrrmﬁamimg dopants are

ol A0 WL e B B0 e GHR SELBEAEOD 502 cant
degb:ﬂfé@ﬁisoé‘ to?ﬁé@ﬁc@%a@&@éndmﬁommk cOhtahfinat0 FR§ e 1t Srovides

mcrons. [0 The present invention includes
images etmw-egyaesfeco eisolangelh ripbensirom yhe soyree maéeﬂ using a PDMS
yct or el enents, such as printable electronic
tragg@ag\ggor devi ce conponents, Page 77 of 98 WO
2008/ 143635PCT/ US20071022959 assenbl ed vi a cont act
[0264] nFignge 72 providesi s@mnqncechagram ilvstrating contaet printing and

exa the optical st mfur [ r.i .
PIRAFRH T progresHTd sieae: B 196t A2 AR REEs Bt punyagsembled
solae66is/ | AferanicioeeRs afe ;ﬁakéa §p!b§ POMIS stdntp, Ayt avetprinted onto

printing; wherein each of_said printable sem conductor

recal\emmst@&wuc@e%s glass REL A1 dfeptan uﬁ'mm&l%%s aaadhgsive. This
pntwgﬁﬂigggﬁlﬁ]hﬁﬁ&ﬁtg?@ ?TSS‘BQ%H\H]%?% 1 aﬁénz%t QQ:?-C th@?\tfréf’rmportant

e ect e r om e rang
to ofakeé.ndgtallinter¢drineetienss First, IdOA6GiS Coated ento aHMQatreated substrate,

o ARG8T Sl 48R DR 4% P b2 s wgop of e samp
an@%éﬂé ltnésaidrBeéiRchrk Ry embeddzd inthdNOAsenzebt thiectop [sO ﬂadé where

PO Sre o ot Ao e Mol LS TR PR S5ho can be
retPEJe@b’ﬁlﬂHe%%?oc%‘ll@ aFé’éﬁ\BQddéd Endifdrﬁi' é‘pl&ﬁa?sdﬁa‘éé%b following

er of PDM5, the PDMs is cured thermally, and
meial %@tIOOfSt%ﬁﬁarse gold neshes is printed onto the
substrate via contact printing. 1 nrmx 1 nmx -0.3 mm

[Oiq%?sr@ﬁﬁez.@ﬁfq Ravide: tegﬁnn id%&?ﬂgﬁ@ﬁ%sfe'églt%e%ﬁon processing.
Flgwe)s'mm\edémal schematicodiagramaof the métaiiieaﬁmspmsesmctwm@an Al
ARSI RROTRIEE, Gl PR S e SR i Btk Bevce

substfdte an@ shb@htin Figlire 78 hlbrfod?ﬁ)Météluh@womhect@l metsiearedeposited on
as nechani cal encapsul ation of the LED ar ra

thessntirecelseizgaapiselestiveamappieretchegia Eﬁé;t_l emant using a

o

thase/mets) Bies, are Isolaied 280 entapﬂﬂatedgﬂth Sick an@/Mis.dq&sitad over the
s R RGP e 5 08Bl bl tre meta
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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[0276] Al references throughout this application, for
exanpl e patent docunents including issued or granted
patents or equival ents; patent application

VRPRM/ @lisons; and 25 non-patent literature 4QGBfkH22959
Exafn 6 erPﬁﬁl&éﬁmM«bﬁ of priftdbid SEMiddiducter élefrénty

erence reinin their entireties, as though
|nd|V|duaIIy i ncor por at ed by reference to the Fxtent

[0266} h%fr@ﬂeqctseandssx@tem%agﬂwerp&esqrﬁmvynnm arecapablestfont
impfehi wi%n%ﬁf:*] A6IE sb&ué&bﬁfﬁpﬁieﬁéfté ‘?ﬁbl&&lﬁ’# pAr@asR! e

are er ence at Is partl ally 1 nconsi st ent
seinicondpctoabaskdyeviegsansdayicecapporients, hawinga widalragge of physical

SR AT HarSe T8 e et BBt sl Roldf Ropditfo e

ph?él@alldﬁménﬁéné ahdBhajesds prihtable SemisdAdusIer éléments assembied via
mtation and there is no intention in the use

contaehpriniifg erabies @wtdev@nwewq\a@a@gﬂe@mmwwmwd accesses a
W EPRE GELLRS S ol Gl UavRE ol AR ot

but it is recogni zed t hat vari ous m)dl fications are
[ozﬁis]s Flgueesi7GAand 768 psavidie sciferndtie diagrams exemplifiiing:the eXDreSSIonS

I

Figuré 76 Areevided a doprplah vievoofprirtable sgmicdnaddcive atememsicompnsmg 4
opti o and variation of

| f di f
seBlnanappor HBpe1S SOHS: dn Jas boaY B4 SeSPintan e siPreRgen fateral
diméndidr?ds eRermpPicd By théﬂ%dtn eboe HRA widHligo 0 dF tSendiBEnductor

vari ati ons are consi dered be within the scope of
ribbons; 6008 ehiguen758 pUJUFdeﬁ@dCfb?S sedioaghéeyad the pintadleThe

oo BB Br 08 S ILEL BB E AN e ontn o

thnwidbbcrimwmp)elemresmon tovessl Sectionhl dichensionhis erxemlpﬂmm by the
resent ntion, rri ut using a | arge
thiBlise 03P & 14 samiGPRtsor Toms 5D08e  dovi oo

conponents, nethods steps set forth in the present

[0Z6BIC I §3rh@ Bmbogintérits, die crmbrRUst the lateral @ifne&biohb suthtdsdengths
art, nethods and devi ces useful for the Frese

angyiebesofdhe Printablasemicorducion RlementsonCyginaditable semiconductor
baﬁg@gfib% 2hd 8 cé’E éﬁélﬁg @rb%gge'%ie?i SV tﬁé %‘P@e ot0.1 mmto 10

ery ror ITU I on or co nat1 on of rrponent S
mrde Qne dradorerofdhe Iqwnaf digensionsare selected dyer theeran% of 0.1 mmto 1

R34 ol My el 41 of Bl S Bbr8 g some

apphdatiene.npise of pnmebteéﬁémlwmiucm“r%mentelhavmgahm Iatmaladlmensmns
sition ncentration r

NGy DUt RSN IV qodmembrand Solal el pnit pop Bl Svalp e dnoreot.

included in the ranges given are intended 20 to be

[02693' H§sé BnibdBintérits,| sieldranorel of whe latéral difidesing 0slichhas lengths

any subranges or i ndi vi dual values in a range or
ang uﬁemﬁg@f the frintable sefpicarriuctonelemenigeificiudng mmtém,le &emiconductor

baggc? C%SWG%F glfﬁ})&ﬁ]&tglé}b@élé&gole%\fétrﬁtﬂe@% of0l02 mm to 30

s an ons nention
mrap étsefofcpahtabie sensicondlictor élemeots having tbesé katerfal dikianisiops include,
hose l.ed in t art to.whi.c inventiQ
bub g St iiterp gt stmishtider AmshisAtd e frereo.
by reference herein in their entirety to indicate the
[0270]t th sdmé 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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art as of their publication or filing date and it is
intended that this informati on can be enpl oyed herein,
i f needed, to exclude specific enbodinents that are in

43&% art. For exanple, when conpositi opGiysiihiSoso
ﬁown an@% mb é‘"fﬁel{éﬁ O%H%nﬁmmdﬂrﬂ&hs are

ava| e art prior to Applicant's
preiferablytsetected ménme rangeCof Ec0fIumirstor 30 mm fohsere applications
enabl i ng disclosure is provided in the references

T L

thlél@fe%éb of ﬂﬁ”@im&blé gemicdneioton yémmm\tsvl mdludmgl olintdblegsemiconductor
"cont ai ni ng or "characterized

basAd dparesAHLARMRICHTBBINGTS, 25k SPISAIECLRNAT iasRape SHIDRE T to
dﬁ nenchpo?%% 3%@%@%9&7&933&5& WDER B Hacknesses, of the

s or nethod steps. used herein, "consistin
pnmfableesemuadmmmle‘hemenmpludmmnr@able ﬁgmmngmtothed evices and

B R T
applicalibA SOhBar nilsre vPthe@bss sédtionabdimeationbesuchsasdhigknesses, of

th&&}’&w‘é%ﬁ%’cﬂﬁ :g%r{%tmég%a :pg?p e ggrﬁsgﬂgc? qr:h?sed devices

an&%%%&'c@hl&%ne ts Q@eleﬁfé@sdv‘é? tHraRbe o‘FB)OObm AR @8 ekm for some

theit eother two terns. The invention
applidatists.at i vel y descrl bed herein suitably may be
practiced in the absence of any elenent or elenents,

L L e

eleméntwohiprisep aeserrad:cmdhbm skuctute hayvimga darighh selected from the range

of 58 et o BB RSP B R GuETARRY 0.02
milBiterd o :ﬂﬁﬂmﬁh@lbﬁgl ihdn dﬁikhpsi%teﬁﬁ bﬁthetﬂreﬁertthm&atlon the printable
specifically exenplified can be enFIo ye

sepvieandueter glemar comPpEsRS @ feTHGORgUsto étg'&twe't '@Vmsb% length selected
froﬁff?\%%ﬂ@%%ﬁé '1°rﬂdlm‘?ét%ers&}6t 1 Kﬁlﬁr‘ﬂ@térué‘ﬁd h Qidth s@%tétﬁ’r&ﬁttﬁe range of

mat eri al s and hods are i ntended to be
0.1 munmam ton 1trhillnetes elntarmptlcarhswsmm @ﬁtweéed’ﬁrlfé@@ﬂ@hsthe

oo ST BN 0B oS B g e

seledteRi oA thé Ferigeiof 1trhm|m§ersab ualtiineterss andd width selected from the
expr essi, ons of excl ug@ % equi yval ents of, .th
e de

rangg:h/ é%' hgmmoam & & Oplial FYRIE gl e Bresepy jpvention,

thd %rn’ltﬁ %'@?émé’rﬂrdo isBB @i deinfiddridvidfor afrBcture having a
SSI |n the scope o the i nvention cl ai ned.

thumms setecmatnem the rangeenf $:.0A0N8 millimetars 9dL3 millimeters. In an optical

res i nyen e
sy P87 Sbe PSP el 1S SRnBRAE BN, SBheFebrlrsos
segmbrilfwcwg stractaredhanang athngknevsﬁ seleetarbinora the rdngeeuf n0.002

di scl ose e resorted to hos skille

milimeterayia Q. BEMIUTEH Ry Bian oRICRLSTEIR AT ik raper veahd. te
pngfmé Q@hfé@n&&tsﬁelwn%ht Rag AleaStUMR !Qﬁgltdaﬁrfal physicl idimersston less

efi ned he appended cl ai ns. Page 80 of 98
than or equal to 200 microns. In an optical system 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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WD 2008/ 143635PCT/ US2007/ 022959 WE CLAIM 1. A net hod
of maki ng a sem conduct or - based optical system said
nethod conprising the steps of: 5 providing a device

igfﬁ having a receiving surface; and asg&iihbR2Rso
asﬁrh aScottatt PRRGNE N enfbGUiRBAt RBsétlitlenBiBR) fat Skample, the
of salrd sub

sur ace trate via contact prlntlng
optidad systemduitblesamprisies @ plenalityof eriotable ssmicenductor elements on said

oSBT BB e & et
semdohdﬂmbﬁélémehtwdiﬁﬁuseelaesdrmdoﬁduvtmtémcfm paving alegth belected
[linmeters to 1000 mllimeters and a thic

froguhecaaas oF &A00Rilimelersde 10SGBHMates, B e Brsgactectfrom the
rarl@reI df §B G’f ?mllu]n%te%a T&eloﬁﬁﬁﬁmﬂwe‘?érs%{nﬁ'd‘ﬁ\?ckﬂ@ﬂ §16ct8@ frdm the
tab e sem conductor el enent conprises a
rarggenofc@.000at onillimetens taiSemifiimvéters. a | engt h sel ected from
the range of 0.02 mllinmeters to 30 m'IIimsters and a

el P SOBELAGRAI N s Brffed e it

said printable sem conductor el enent conprises a
[omm' EiQurbu76 fshows anatray f prntable GaAs/mBdAIR e¢dLEDd printed on PET
subglhE S 9 e el REF Sk b IR o miron) tayer
of PDMS, 1Bé PDMS &5 curddd me’mhh»,Ftanafaméraamespafw &1 nRs3hes is printed
e

enment conpri Ses

i ntabl e sem conduct or
on§>etme suhsiate vfa eantaRtmliningal g Xa! MenyrR-SBMEERE are e contact
pnﬁt!%g t‘{?@g]% % %el{éb{rbﬂ > Aitet iﬂtug# tH8 LEIP%’%‘ f’?ﬁr?‘PDWs@ostrate

e range ter
housihg anether arragof Sle§hes isdamindtes agalmt el suthstrate t@ fosm @Iectncal

colg oot R BB AP APIL Bt g o i

PD‘M? l&ubﬁ?té amesmeé)a@ﬁeahmédl leﬁﬁépmﬁattoﬁ d t%e LED array
m I neters.

STATEMENTS REGARDING INCORPORATION BY
. REFERENCE AND VARIATIONS
[0275] U.S. Patent Application Nos. 11/115,954, 11/145,574, 11/145,542, 60/863,248,
11/465,317, 11/423,287, 11/423,192, and 11/421,654 are hereby incorporated by
reference to the extent not inconsistent with the present description.

[0276] All references throughout this application, for example patent documents
including issued or granted patents or equivalents; patent application publications; and
non-patent literature documents or other source material; are hereby incorporated by
reference herein in their entireties, as though individually incorporated 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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Page 81 of 98 The nmethod of claim1 conprising
assenmbling a plurality of printable sem conductor
el enents on said receiving surface of said substrate

Wﬂfﬁozﬁﬂ? act printing; wherein each of said pgipRisadabB22950

term§3hg @R r‘é%&i@hs of 8%6‘-Purﬂuﬁg ﬁﬁ?‘éﬁu:ﬁﬁleﬁts&ﬂ e Ratlites Shown and
structure havi ng l ength” sel ected fromthe ran?e of

desgribed or mm»pnsrﬁteee@f, b itlig mecagnized thataasious madifications are possible

- sel f d

i Fbe 08 i s, RSB b 5450 4 fpovon

the(blr@&W vaﬁhtldtm;] has$ been secifioally Elsmesw by pWéferre@Ehﬂnddnxﬁents
claim ur t t

oxeipi A RRAIMATISANC RNt Baty s, evicatioh aEd vatidich dhie

cor?:@?tsq{ergﬂroﬁ‘sdi’@éé'd‘iﬁay‘?e Hle by HodERdkied nﬁ’ihéé@' didlthat such

ther conprising providing one or nore optical
modificptionsrans variatipns aiel cansidered toche withinitheseapef this invention as

o3Pt SoRTEPIEH, T SRS by Bty b

examples of ussivimissdiments! attmeadre‘sennnvmmranupt wifl ibei agpanent to one
di spersive optics, collect

of diffusin tics, %
Skifgtinde 8 AN PIASEHLMUBRIGEITE, b8 Gt Upingat arde number of
vartdiBhs bf‘th%%é@lc%r devicd c&ﬁéér?él‘its Q\‘i’é‘fﬁ@d@ﬁbﬁs 56t fBFtRYA dféﬂbresent

In op tical comrunlcatlon W t | east a portlo
desmpﬂorpr AaMbbeeobwnus:mm@fcﬁklllem émﬁaatt.smetmés aBg wgwce$ useful for

SR 50 GO B S A58 3t ocesaing

eleArmtsandisteper el enents. The nethod of claim 10 wherein
said array of opti cal corrponents is fabricated via

B e 5 of BB B REE pi

her@ir éh 188 used tocmhcwmg vEintioly, uhlesgritherivise statedng.  The
met hod of claim1 further conprisi ng patterning first

an cond el ectrodes | I ntact wt
10238h o BEna e Frabos = Siinife spEHIEAtEBn R RAMBo P lefBorature
rangbeéfﬁmer é’ st Bcorfpositfon dMeoncentration range, all intermediate ranges
008/ 14363 FiCT1USZOO71022959 14. The method of claim1l

anghaebrengess @lsdvqﬂrawlhlbﬂwdé)éhw%eﬁm&lué?d i theganges;given are intended
to @%ﬁ?g@%&% Mg ﬁ?&lgsdrgcﬂ'vﬁfl Bg uﬁHélfstﬁﬁﬁ Jﬁh?argf é/uﬂr%éqdb%fc?rrmdmdual

pri nt
valuéeinaa rangeiot spbralrgebhai aze inchadedio the description herein can be

aj d rece|V|ng surface using a
exémgh%clg 'Fr&‘ ‘devi ce. 16. The nethod of claim

15 wherein said assenbling step conprises: providing

[0280] dAIDQétéﬁts@id putillb@tm&memwnedm ttfevspeglflaamnaraohdlcatlve of the
surface; 10establishing conf orga’eecont act

levelgiaf skillof theseskilled dn the; ayt Torwhic invention pert%ms Refefences cited

herein are incorporated by reference herein in their entirety to indicate the state of the
art as of their publication or filing date and it is intended that this information can be
employed herein, if needed, 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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senm conductor el enent and said contact surface of said
confornmabl e transfer device, wherein said confornal
contact bonds said printable sem conductor elenent to

ﬁ&idi{.s/f sact surface; 15contacting said pri @@%@007/022959
un?&ﬁfé&‘é t9br ﬁie@ﬁfﬁf‘éteb@ nAs Gsé@ héo@irﬂ' "ESHEIstAg ofusichries any

sai d receivi ng surface of said device substrat e,
elwt step, @epgnedten gotspegifigdiim thetlaimselamenh Asised herein,

Cﬂ 1ot %%aﬁ of" r%b%xaﬂaé ﬁ]gﬁ??r%gs éﬁtgﬁ%ﬁ 86 WP terially

asse ntabl e
affeetrthe @adrcandrno%bd:rmmenstmsmnm claioei v agcrsmsfaace hefein any of
sai d device sq,b§tra | ai

thé ! GomRIRIgh jaaaisnoo SEenBIuAE R GPER dTsmay be replaced

wuﬁ%@bﬁﬁe%&%@ RS ‘Phé"ﬁwéh'ﬁd‘rﬁﬂ&stmwa d@@cnbed herem suitably
el astoneric transfer device. The ne claim

maly b prasticedsiai the pbsemmfear\y@mmmamer@tﬁémmﬂons@r limitations

Whi(ﬁ};\?@hgg? s@gr?p%cro%éa hﬁegrr:?rhggcgf ui: gfgjmag wherein

said printable sem conductor elenent is an electronic
[0282]I Oneanf ordinpyrskillin difie an will appreciatecthdestading nadtetlals, biological
od of c rein.said printable
maGRIB oS AET S SN MeO0S PuBpERon RPbOHE TGl el methogs. assay
méth@@% t2ha tﬂél@@i@al%é‘ﬁb&é bther &Han maséﬁbcnfﬂ:ailﬁé%mpﬁle@@awbe
, a sensor, di ode, a transistor, &@n junctio

enzmoyewt inghe pragtics pt:tmetquamnav'wﬁst 1EPR R UN em.?g@%%aﬂon Al
arlol$ o%ﬁ] fumi&%i)ééﬂﬁ&@ﬁépé?r U rfl%ﬁgl@%n@metm&s BR iRRfhded to be

erein sai e sem conduct or
incilidatkintthis imyentier.s Tbanermmand:exme&s.ions whichybave been employed are

oo BRI B0 b PGt
useVNisQ6Mm tiimis AindBxpravsions of axcluding @hylwumrems ofrthe features shown

an%od%%gglgédvgr S’Jr{.é*r?st tl#e(reeof agﬁztl ﬁg rp? otglnlcfzgld tﬁa{trv%(rzlgus modifications are
possible within the scope of the invention claimed. Thus, it should be understood that
although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the art, and that such modifications and
variations are considered to be within' the scope of this invention as defined by the

appended claims.
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5 22. The nethod of claim1 wherein said printable
sem conduct or el enent conprises said sem conduct or
structure integrated with at | east one el ectronic

‘,Q(iydog/%sg%nponent sel ected fromthe group con‘gd 4263 /022959

LAl:€l ectrode, a dielectric layer, an optica
coating, a netal contact pad and a sem conduct or
channel . 10 23. The nethod of claim7 wherein said

1. &1 oAvEhBe AR SerleofuBBhSe P hyRlorh S8R et

of : campti§iby tiee $tepsof: a solar cell, a sensor, a diode,
a transistor, a p-n junction, an integrated circuit,
and a phot odi ode. 15 24. The nethod of claim 1l wherein

Sa' grd%d.ﬁq 8ldefice QUbswatd %ng £IRERINg diface; 4y ckness

cted Tromthe range of 100 nanoreters to 100
m crons 25. The nethod of claim1 further conprising

th | : '
oo areAoir Sl prieabie Heltfc A Bl Sir Gy of AP fecBiriMiftace of said
s ensalostrhis iarcontaotprinting; Whesein damobmﬁabte sémjoenductor element

{0 GamHriseR Semig AU PLs Budreda o Bapiastects O he range of
et b%o@fmmlhfété?s&é VIO Millinétais] adplmisdeNettéditem thé réR of

or nore 1i{gers prepoi yner |ayers, elastoner
| ay©+2901 rfetthmeteray@r 00onillimeterfantha ittmkrteﬁs, selectedfrom the range

e TR hufhabRd S Hiliiagorrr =1 no Lhe st ep of

prov am n I'ng-or "encapsul ating layer in
cont act with said prl nt abl e sem conduct or el enent;

2. 57 S o B SeSe B MY e ARE et comprices
pri ats%hts@orﬁﬁmo? %ﬂgétﬁli@ha\ﬁhgf Eﬁéﬂggﬁ%l@&iétﬁﬂ)nﬁ)fhes@hée of 0.02 -
recei vi n?ersur ace. Page 8 he method of claim

7 widliweters io @Ogm"mqgts@agemwsﬂbﬁmc‘éed koartharangg @f 0.02
aSSﬁ.mq}nggerQ %‘rﬂnllfu‘?é‘t? jving surface of said substrate
0

ens ual or greater than 5
sem conductor elenments rinntl. The nmethod of claim1l

r.intabl.e sem.c t.or _el emen t .
3. /ot fe rRbd bt T rersR Pl LAt ER SaGieN ol it gpmerises
equalsehficotidfdictdr etraétare having a length selected from the range of 0.1
millimeters to 1 millimeter, and a width selected from the range of 0.1
millimeters to 1 millimeter.

4, The method of claim 1 wherein said printable semiconductor element 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.

5. 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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The method of claim1l wherein said printable
sem conduct or el enent has a cross-sectional physica
di mensi on sel ected over the range of 10 nanonneters to

vél&z G305 - The method of claim 7 wherein thgr/us2007/022950

6.

POSThé ﬁ{é‘ihéﬁ ofscﬁélﬁ\ PivhBcP 5 Sid R SeiRicOnd@tenaament comprises
assenbl ed on said receiving surface relative to each

ot hasemieondurtot stedrtue having a thickness selgaieddtom he rapge of 0.002
a sai d printable sem conduct or
el e&@ﬂpgfeéﬁ grag mm{‘t\%l}%g surface are longitudinally

aligned with respect to each other; wherein said

| S ke b LeSpReny SIS ShERLACP SRS,

ot h§ém|CEHSud'fE|t él@ﬁ'\eﬁfs o §d|8‘ré‘cém¢d %%&%f%aﬁ%db@ﬂhte via contact

systemis selected fromthe group consi sting of:
arr agrnttmrg, whgtein eath of sayd printable, searicondusior slements ncgmpaﬁe a

et Senihadoetar sty IRing G ekt fHamihtandbr 0.00or
ar r glliéte?Pto 4000 pelimeters, aawsdm stlestedrfrom tnmdnge ofr0.6001
of solar cells. The method of | aim 1 wher

ot | PRBPISTS ko 009 TUUTGIoTS PEf e Ickaast seledecd i g ramge o
[ n\?\g_@@@op nﬁlﬁfﬁﬁfé?@%*@rﬁﬂhrﬁéték@t ure. The nethod of claim
1 erein said printable sem conductor el enent
conprises a single crystalline sem conductor naterial .

Pagﬁh% ﬁq#}f.ocféf c n¥8 fﬂﬂﬁ eré§®§ﬁ§’ ﬁg@ﬁ%@pyf Qg%%gtg Bq-:[ Ai§ said receiving

pr osurfdcedpizai doiice suﬂsltmte:wml oné onmoge déevice compbnents.

el ectrical contact with at |east a portion of said

printabl e sem conductor elenents, said grid or nesh

9 Pr OThE Mh&d8f Qaim™P hiitir @6pASIAG p%vndih& 6hé lo¢ Alore optical

i nterconnection structures In said optical system The

- et eeEpenents ii optgal qaramunication withsal printajle semiseprueter element.
one or nore netals. The nmethod of claim 37 wherein

said electrically conducting grid or nesh is nore than

105090 he methdd §f dlaien?® pmhemt:om]ihelngmlumslép«n? pcdvaadmng ai array of optical

D oaPeiRE sefRito e wRtR Gans Y SHdifusto RS, tiSeérsive
sai GptRisCedlldching biticsd Bdhb“éritr%ﬂn@ bpfics) andeplical sibso mlmbm @aid array

an el astoner |ayer. The hod of claim 37 furthe

con®f Mmbcqmraom'sm\ae% iRPRtisg! @cawaug'fsawbw'tmé& leagta portion
theof fbﬁhtﬁ?leséérnﬁt &for%?e%rﬂeﬁ*@v' ce substrate or on

extern surfaces surface of at least a portion of
sai d printable sem conductor elenents, thereby

1125 TR e8P 10503 Bl ISP HERRa Y ol P vy

12

13.

senamdsw Rreath@renidsprintdisie semivomdattoctlements? wher ei n
electrical connection fromsaid nmetal grid or nesh to

said prl ntabl e sem conductor elenments is established

.by ﬁ{gﬂ# q 0WHereiR SaidBii A g%‘f‘ optital écﬁﬁﬁdn\éhf&s fabricated via
e Sai

sur acC eVI ce substrat or on external
sur feplicssmolaiingawbersin gaid praatablesemicanduetonglemants are assembled on a

Pri p-ab vmﬁ SHiEke 8&%‘&&?& & SPHEA B mBSn& R VA Contdt SHriRg:

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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A nmet hod of meking a sem conductor-based opti cal
system said nethod conprising the steps of: providing
an optical component having an internal surface;

wo h?'is an electrically conducting grid orpd@sdoPm22959
1452l é e g c%i.hfﬁwae&ﬁn %%nﬁfablecﬁmne@.mm@emeﬁage

86 98 providing a device substrate havi n%

r eoaﬁsemwectm saidgeceivng nsmfacmgwa doy traasfet gordact priniRGib| e
sem conductor el enents on said receiving 5surface of
sai d substrate via contact printing; wherein each of

15.5ai Thedmetoddfelimm waémsam pﬂhmamcomdtm:aent :s
sem conduct or structure h | e E% l echéfl
t heasrsﬁﬁﬁ-‘ée%‘P” gaiddeqeeiwng sH ‘E"e %‘”9 8 098 mﬁ‘s et V'°§

wi dth selected fromthe range of 0.0001 mlllrreters to
1000 mllimeters and a thickness selected fromthe

16.r an'ﬂaf.' metiedafetEimna whereiresaid agsgnbling ste cemprisesid 10

or o 4 SiEriitie hafel FRES Ry A ¥ ST bl

corrponent is positioned on top of sal d sem conductor
eIenEnts assenbl ed on said on sai rec i vVin 3
E” aepgsal printable

AT et AT R R
pr Oé’érﬁiﬁgn&f‘ctt&e&ﬁnéﬁf éhcpﬁldi géhtaemﬁ'& sén@%ﬂfo?ﬁ#aﬂle transfer

sem conduct or enent s, wherelin said grid or nesh
i s gevicd, ad@rein seldetszd»rml certactandaisaid prntakig semiconductor

por a n seni conductor el ements. 45.
Theélﬁ&%ﬁ‘g{? %‘"a g?&?hﬂ%’erei n each of said printable
sem conductor el enents conprises a sem conduct or

At AP Hhtable Sedtondcior Sl rt%gﬁ&@(it ' 33 Roitact surface

sel @ﬁd 84ld rEUNiAG Su A0St S2id BeVice Sibistiat@lapns to 30

mllinmeters.

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 device substrate.

17.  The method of claim 1 wherein said printable semiconductor element is
assembled on said receiving surface using an elastomeric transfer device.

18. The method of claim 1 wherein said printable semiconductor element is
assembled on said receiving surface using an elastomeric stamp.

19. The method of claim 1 wherein said printable semiconductor element is an
electronic device or component of an electronic device.

20. 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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46. The nethod of claim44 wherein each of said
pri ntabl e sem conductor elenents conprises a
serri conductor structure having a |l ength sel ected from

of 250.1 millimeters to 1 mlli metgrpudhfofose
21W' %fréi/ ﬁ%% R6d GﬂcléthWhQPetﬁ Qﬁﬂeprm‘ta&e SemidontduBtbeEIBmieht éompnses

i meter. he net hod cl ai m 44 wherein each
sal Salgﬁﬁﬁt‘%ﬂﬂdﬂc@éﬁtm@ihfﬁj@teﬁfat@ﬂmrﬁtée%ﬁ?ﬁﬁ iagditioal structure :
0
g&@gﬁ%@?{gﬁ{ g%l rHﬁ{; #Bﬁ‘sa ('R aﬁqtbsp&%rﬁucﬁﬁtjglgﬁéreﬁrufcgﬁéna
W| ditlieletricesttueturer condutive stngnumt afd anloptical tstructuce. 10
mllineters. 48. The nethod of claim44 wherein each
of said printable sem conductor el enments conprises a

23 enmrRe 'ﬁ?’étﬁéd’bf &&W?Wﬁeﬁ‘elﬁ @Xidrkﬂuﬁ‘aﬂl@ 'séh'it%?ﬁuét@l' grhféMt comprises

fromthe range 35of 0003 millineters
m | sacdmemusondmctonstmclozy nnmammmwgmow device

conpRBRAEn 3P oSt BT o P RoSRiPa B bRy s B etric tver,

st r 4 toplical lrauting aemetal cémeasipaiedrita édmidonduttoectismet
of 0.002 mllimeters to 0.02 mllineters. 50. The

met hod of claim 44 wherein said nmesh or grid conprise

230NeTRE MBthéd 8?6!&#1?7 wherein sarlprintafie I§€ﬁ’t"l:‘lﬁhd(;lf;to?lel%hfénf'émclude at

wherein said grid mesh is nore than 50% optically
10t }e@ﬁtm @laetronic devus@s sefected-&onviheggroup ﬁpms'atmngea% LRD. a

sa| a FUcCk ur
The {’ oscf)q%f crglsﬁﬁﬁ’ éﬁe@% %?%gls‘ ' g’ri&g rg{y n?rté%qﬁ a:ﬁgfntegrated
bondieclit, anda pHotadioder 151 ayer. 54. The net hod of
cl ai m 53 wherein said el astomer |ayer is coupled to a
gl ass substrate, wherein said elastoner |ayer is
2428; 'Sl'bl;: gﬂti%tﬁ&d BEARIN® Rivtheddih Sakf priftatle 3BMicoHdtcDl 8Rment has a
thickness selected from the range of 100 nanometers to 100 microns

-

1S 7

25. The method of claim 1 further comprising the steps of: providing an adhesive
layer on said receiving surface; and contacting said printable semiconductor
element with said adhesive layer, thereby bonding said printable semiconductor
element to said receiving surface of said substrate.

~ 26. The method of claim 25 wherein said adhesive layer is one or more polymer
‘layers, prepolymer Iayefs, elastomer layers, metal layers, or a combination
thereof.

- 27. 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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55. The nethod of claim44 wherein said grid or nesh
has a fill factor |less than 30% 56. The nethod of
clai m 44 wherein said step of transferring said

V&{pgdogﬁjﬁgonponent on top of said sem conductgérus2007/022959
28 evﬁ@ h?etﬁgssssmblﬁw Whebdih féararbrﬁﬁabie ésmﬁsohuo@toaélélctfehﬁscae

sald s trate conprises assenbling said optical
conpsﬁeémle@ averoan @treaqmsaldsr@newgmubstﬁateeﬁe @ver the range of

o PR B B d AR b g 57 The et hoc

of claim44 wherein said grid or nmesh i s assenbl ed on
aid internal 30surface of said tgtl cal ¢ one Vi a

29con{f5%fn%h%9ﬁ ¢laim Zavhetein said pindakie semiGoRAUGtonR p@nﬁ% are
sai ?sé&d\ﬂ @bn %Wre‘céwﬁ@%ﬂﬁ&b@ &f Qﬁd%ﬁbgtrétﬁtvﬂWHensnw equal to or

surface o sai d optical” conmponent using a confornabl

t r agesfater thaw b semicrngicRy etgmeyds may .

2008/ 143635PCT/ 1JS2007/ 022959 59. The net hod of claim
44 wherein said grid or nesh is assenbled on said

30i nt Thaaletlsod baﬂam?ﬂ wiheirgin cpid privtatsie spmicomducter el@memt has at least
I Cc transfer

I
c| Sohe BnasighariveaLdmans badees amas SAaD Z00dMBIRNS <

are 5assenbl ed on said receiving surface using dry
transfer contact printing. 61. The nmethod of claim44

31 V\/n el be methodiobglaim diwheseip saishprintable semiganduetor e@memg has a

0D LRk sBORRI PR b Bkint SEERH L B ARG BPYg nanometers to

d| speisicrogsopt i cal conmponent or a light filtering
opti cal 10conponent. 62. The nethod of claim 44
wherein said optical conmponent is a lens or |ens

32ar I FYe method ofdlaim’ PvHEREIR ¥k %snﬁén’@ @s‘éﬂi Wﬁé@lb%eﬁﬂédﬁductor
optical conponent is a PDVS nol ded | ens 15o0r a

nol a@mar@msmwgd op saidrieseivingraface r@ahvaﬁomomﬁéw ate selected
sai fﬁ@&ﬁlﬂt?@bﬁoﬁﬁﬂbrﬁgﬁ@cwr el enents are an

el ectroni c device or conponent of an electronic
device. 20 65. The nethod of claim44 wherein said

bl d

335] o 2he steo Gl SRR £ airiie 8 sk DintiE sEPicsnopiRE Blemags on saia

of ! redRivirig Surfadeaigllongitudinlaly akigteld with Repactito each lomée,, wherein
a transi stor a p-n Junctlon an Integrated circu

an gsaid Mﬂgﬂygqngﬁgé alignedsgemi yelarrelements @xtand nggths that are
cai g&-‘aﬂeﬁa'v&hhﬂ{{a%@@e@ of 83LA Bfict or el ement conpri ses

sem conduc structure Integrated with at | east
one additional structure selected fromthe group

consj st r _seniconductor . stru ; :
3457 of be rgtEo ol iR Aergf gt TRICaLTEIAEh it SR 1B the group
opt ¢ErmistiiglafCa HFrly 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.

35. The method of claim 1 wherein said printable semiconductor element comprises
a unitary inorganic semiconductor structure.

36. The method of claim 1 wherein said printable semiconductor element comprises

a single crystalline semiconductor material.
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30 67. The nethod of claim44 wherein said printable
sem conduct or el enent conprises said sem conduct or
structure integrated with at | east one el ectronic
v&’f}’doﬁ 43g$monent sel ected fromthe group congigEd06h022959
: el ectrode, a dielectric layer, an optica
coating, a netal contact pad and a sem conduct or

37c hamhe metiredef claimy7 figthersgmprisiagtee Biee o Previgingaglectrically

i Eaielig Ol by Bathif eREReaPasal iy JoRTe sforer sai

100primebmmnc@rﬂmctbrmmentspéaudmhd ogmesh provsdmg one or more
sem ctor-b tlcal e
conBIeeUpies Ot arCaI Bcopelira g Rl s4id oBfita svste-
haV|ng a receiving surface; assenbling a printable
sem conductor el ement on said receiving surface of

38sai The methodiobclaim3¢ wiesein spidimesher: grichepmprseene Pgore metals.
said printable sem conductor el enent assenbled on said
recei ving surface, thereby nmaking said

3gsenTaenibtRo@bf Elaine 87 Wersinlsafsiéatrizallylvendettingdgriaf or mesh is more
cl ai m 69 wherein said FI anari zing step conprises

enb & ¥R optieallytranspatedtseni conduct or el ement into
sai d device substrate. The nmethod of claim®69 further

conprising the step of providing a planarizing |ayer
40on Jhednetbed pl/claign STimhesein @ands%\e@tn@alws:pndu@tlngmm@r meshis a

sai e Step conpri ses enbeddi ng said
priﬁ?ﬁb%@ ﬁ?ﬂgnductor el enent in said planarizing
| ayer prOV|ded on sai d rece|V|ng surface of said

41; wTEBmetRGY Phygim B WeERIn Sais %'%cte%e'&"%e”\nrq%% &fthélsh is
SUfBBﬁ@e&fdéHel"aQtoﬁ%rcﬂay@rep of assenbling said
pri ntabl e sem conductor el enent on said receiving
surface. The nmethod of claim 71 wherein said

I

422u??'§%'r&étﬁ€% Bﬁélgfna '32 tft@ﬁr‘fé\f fcgﬁg)r&@gﬁﬁé gte?ed??s%rﬂghngo?ald grid or

sermmshh chn:thf lerre@él?rl'rg sUrfaa:e ofsaid deviee sutuﬁgram of lanexteTrraé surfaces
t hod of ¢ m er el anar.i z a

77 Apdaci o deat aindliton of S BritaRls Bt facr Biihetié tnereby
t o EQfBlisHiRgG erRetricAhsbritEdtetvédn sdidigitl 6 mdderaidsaidiatieast a

planarizing | ayer conprises a prepolyner or a polyner.

0 ortioned saigyintaie sepsicandueiopelements.

 43.  The method of claim 42 wherein electrical connection from said metal grid or

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.

44. 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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45.

46.

47.

48.

76. The nethod of claim 71 further conprising the step

of curing, polynerizing or cross |linking said

pl anari zi ng | ayer having said printable sem conduct or

el enent enbedded therein, thereby fixing said

printabl e sem conduct or elenent in said Splanarizing

| prpwiding a.deviee suhstiete baviep A 1ol ingheriEase;sai d

pl anari zi ng step generates a substantially planar top
surface on said device substrate having said printable
Sasematliigca plurglity oF printable $8micomeiuctirffsmehtscdrasaid ?écelvmg

further conprising the steps of patternjing one or
SUrEAGE of:831d RGSEBRMA CONeE! BRNEG JRIein Rachel id BEigble

e RohfificoP bl e Sofifised dhRopBLERF Sirubiuré Anding  length
céeleotedFromh ¢ee rangeaofd 0001t mbllireetegsite dddlanilimeteesienwidth
SAISEREHTrom g rafes of DS imatens &6 (00 BMietersaid a

ol Fdﬂn@@s %F[%%f@ocﬁ’é%“tﬁb%ngé SFENDbOOS1 Ailliketersdo! 3¥fllimeters; and

ar cel sensor Iode, a transistor, a p-n
junction, an integrated 20circuit, or a phot odi ode.

S R e VAT A OB B v
S$UB&tEHE, Q/vhé}bﬁ‘gééﬂa %g)t%F ébrﬁborh&ﬁﬁé pBSiEioA&d loh't@?@if said

struct ure sel ect ed omthe roup consi stin
asamicend getm elenenis @ssembirs on saidzorp §aldene@ewrngcsurface of said

:ﬁtlhufgﬁﬁ dsﬁ{é gr@tﬁ'grhg%lﬁ W pr s Mg@:sﬁ?ﬂ gP’g‘cal component

pandsaial Sénﬁleﬁhmdﬂélbﬁferﬂé edrRnhesim shiiegrids er thesh is prowded in
seni conduct or structure int egrated with at | east on

egleetricaheentaciwith at lgasba dertieepbsaid pritakie ﬁﬁ@l"g@flﬂ&ﬁtor elements.
consisting of: an electrode, a dielectric layer, 30an

optical coating, a netal contact pad and a

SEine awthod bbclairh @dnehereiBeadin ef saidrplmtatﬁle seaiicorifuctor elements
wherein said printabl e sem caonductor el

| GAFPPFsaER SEMCPNAUSTRN HRIGIYR Vdﬂg 8 l%ﬁﬁ se?qtqt&ﬁirpg} the range of
tq’og%g@gqétle % ‘F%@rrﬁrllnﬁef@ré“dhosé Mﬁnﬁt}‘%:éd@m&hﬁﬁ@m@e of 0.02

meters to 1000 nmeters and
Jnilimetars s Iemdlimetersr om t he range of 0. 00001
mllimeters to 3 mllineters. Page 91 of 98 WO
2008/ 143635PCT1US20071022959 The net hod of clai m 69
VHgE Rldin8d bf clBirh A4abh&rei BhEP BAYAHrintAI ERRMIEOTIIdiGeslements
a sem conductor structure having a |l ength sel ected
feamprises a sagicadustaysticturerhavinga dendb seladtedfoat the range of

ﬁ?qﬁwﬁ%ﬁ% el %%hlrlﬂq?{ ?rg%(i?%vldﬁpgeqe&fed(}ro% the range of 0.1

millimeters to 1 mllllmeter.

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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The nmet hod of claim69 wherein said printable
sem conduct or el enent conprises a sem conduct or
structure having a length selected fromthe range of
@%OMﬁkjsmters to 1l mllinmeter, and a w dt pE@iR6d7R8bos9
romthe range of 0.1 mII|rreters to 1l mllimeter. The
met hod of claim69 wherein said printab

495 end B meatkachel daigdhwhemineachet %'% em@gﬁmmnducm elements
st r
s RBgRa R lolite Rl d HRRHERToRRRT Gin the rane
frooi Olo92rmaitipeetefs th OdORImillibtederst o 10 mi | li neter s. The
nmet hod of claim 69 wherein said printable
sem conduct or el enent conprises a sen conduct or
structure having a thickness selected fromthe range
of 0.0003 mllineters to 0.3 mllineters. The nethod
500f Theimateed ofelaig 44 wheteinsaidimesh-orarid campliserasne or more metals.
el ement conprises a seni conductor structure having a
t hi ckness sel ected fromthe range of 0.002 millinmeters

. 51t 0 Thé@methdd ohetbiar 44 whbeeimsaidaplidadr noéshi isnGdre tlharpb0%i apfically

the steps: .assenbling a plurality of printable
senV@Bﬁgh%Wbrvelenents on said receiving surface of
sai d substrate via contact printing; and planarizing
said pluralit printabl e senm conductor el enent

5235 s &he Imathesho alm %w@ewrﬂl gaig\gridrdnesiyis adéwn?ae%ﬁtfuctwe
claim89 wherein said plurality of printable .
sem conductor el enents conprises one or nore

539I eThe metbodiefdlaies44 eherdir daidrgsich armeesiy is inondech tad am elagtomer

a LED, a | aser, a solar cell, a sensor, a diode, a

traﬁy Etor, a p-n Junction, an integrated circuit, and
a photodlode Page 92 of 98 91. A nethod of naking a
sem_conduct or - based optical system said netho

54¢ onphe seipod pkclaimep3 w@ferens§a@\ﬁl%ﬁtﬁ@eaﬁvevprﬁ|ceapled to a glass
co I
o1 R ee IR chid BEStoK ey s BRlorithuees SR Jbrinesh and
sur saideglasds stibistiatept i cal conponent vi a cont act
printing; wherein said printable sem conductor el ement
conpri ses a sem conductor structure having a |l ength
55s€l TRk efbthédo1 dlbitm 449 wheesin 8hidyridds mesH hagwe ik faetdrdess than 30%.
1000 mllineters, a width selected fromthe range of
0.0001 mllimeters to 1000 mlIlineters and a thickness

| Gsel ?ﬁé %tﬁéd’ﬂi él’a"iﬁh &@%@ré?ﬁ sQud%Q@&éf faddiériRg 8aRl dtical componen.t

'l meters. ) hod clarm 91 whérein said
p r | andop ef m@omudu@m elemeatq assemiieden saidongsaid receiving

LA, R s A 5 S Lo op o
W dshidsehtedreiiclor efentdrits assaablet! od, sail on baidreteiviag sarface of

30 m_Illgeters., L
said substrate using contact printing.

57. The method of claim 44 wherein said grid or mesh is assembled on said internal
surface of said optical component via contact printing.

58. 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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93. The nethod of claim9lwherein said printable

sem conduct or el enent conprises 20a semnm conduct or
structure having a |l ength selected fromthe range of

wo do0dildssseters to 1 mllineter, and a w dt hpggteeéHR2959
59f r orhé ntethéd 6kclgim 44 Wherdih lsaﬂtg?rdsortrﬂe% igidsbémbledron £4d internal

The nmethod of claim91 wherein said printable
senPUdReaRitseid %ﬂ’t&@b?@m%ﬁ‘ﬁﬂtl%@@ aRjasiemeds Héﬂéf@b flevice.
structure having a length selected fromthe range of 1
millimeters to 10 mllineters, and a wi dth sel ected

60f r oithe Ineethaah gkclaiim 44 mHekémBaldrprmtab]é)selhchhdmter slem@sts are

61

62

63.

64.

65.

66.

67.

The net had ,of cl im91 wherein sai

. oalSamSied oh saidishMing mElece dshasty Bansel forfiast grinting.
structure having a thickness selected fromthe range
of 0.0003 mllineters to 0.3 mllineters. 96

et B8 mathed af ¢laion 4dmbieesin saig thlsahmn@nt is'a hght collecting
Se"bﬁwasﬁwggnsﬁtea'ﬁg GG htrst l@é Wtfﬁ%f light diffusing

structur Ing a ess s ange
of Opliae cGmpohéntpa dispsrding Optital ocbmpmmmt era. I|gthal'@ang ®dptical
of 98 WD 2008/ 143635PCT/ US2007/ 022959 97. The net hod
of EPRPATeN,: conprising assembling a plurality of
pr| nt abl e sem conductor elenments on said receivVing
face of said optical conponent via contact
pr [ 'h'b? H@fth%@fr ‘éﬁ'ﬁ‘ &4 whergin saidpRicalaommanestisiaclgns gk leps array.
el ement conprises 5a sem conductor structure having a
| ength sel ected fromthe range of 0.0001
The method of claim 44 wherein said optical component is a PDMS molded lens

or a PDMS molded lens array.

The method of claim 44 wherein said printable semiconductor elements are an
electronic device or component of an electronic device.

The method of claim 44 wherein said printable semiconductor element 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 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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68.

69.

70.

71.

72.

73.

74.

75.

millimeters to 1000 mllineters, a wwdth selected from
the range of 0.0001 mllineters to 1000 mllineters
and a thickness selected fromthe range of 0.00001

NThé nathed of tRiIA 44 Whéirshh eaRil. prirfladig. sBnsicomd uutor @Ifament has a
claim91 wherein said optical conponent is alig

cihigkaess sglesird tam berppae el 100 nawe@@ﬁ&nmoammﬁ@ns

opti cal conponent, a light diffusing optical

conmponent, a |light dispersing optical conponent or a

| Aghéthbdldf enaking apgentisbnductppbased opticl Sysfene said medhod
of claim 91l wherein said optical conponent is selected
f GARPESBI PR SIEPSAfsi sting of a lens, a lens array, a
reflector, an array of reflectors, a wavegui de, an
array of wavegui des, an opti cal coati ng, an array of
oprovickng aakvicegsybsinate paviogla fadeiving samface;r ay of

optical filters, a fiber optic elenent and an array of
fiber optic elenents. 20 100. The net hod of claim 91

VAYPhBlingPd Briffble 3émicdmaRRiteldrheft 6rﬁ3§§|d&é&éM|ng surface of said
fabricated by replica nolding. 101. The net hod of

c$ubisinate visheordaet printingogndcal component is an array of
I ight 25col |l ecting optical conponents, |ight
concentrating optical conmponents, |ight diffusing

Oﬂﬂhhﬁﬁim? QERPP@ithble sHrAlkROhdLOBr eRim@itl assempies oh saf receiving
ht filtering optical conponents. 102. The net hod of

c?rlﬂfaﬁelm.efﬁhhé ﬂéﬁ'?mgaﬁélﬂ S{ﬁ*“'%ﬂ@“@@frbémpﬁt'%«\ sysiiefn.
array is 30spatially aligned with respect to at | east
one of said printable sem conductor elenents. 103. The

rfEHi@d atktiebd of efaim dBQMMéreureisandq:ﬂarhamﬁings afeph conprisenémbedding said
aid array is individually addressed to at | east one

drinablg %ﬁm'ﬁpawqogemdrﬂeﬁﬁlg BPURRFUESIE®. page 94

of 98 104. The nethod of claim91 wherein said

printabl e sem conductor elenent is electronic devices

ofhe ogtiooa of slaoh 66| facthepcompdsvigdbs steyosf providimge atpdanarizing

ggg%eﬁlf énalglgrg\éﬁéﬁé’\% snur¥aacledofO sa{icri] tsgglst?at%? n}\%(r)qu saldD planarizing step
comprises embedding said printable semiconductor element in said planarizing

layer provided on said receiving surface of said device substrate.

The method of claim 71 wherein said planarizing layer is provided to said
receiving surface prior to said step of assembling said printable semiconductor

element on said receiving surface.

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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50r nore electronic device selected fromthe group
consisting of: an LED, a |aser, a solar cell, a
sensor, a diode, a transistor, a p-n junction, an

V{,?tzggghgﬁgd circuit, and a photodiode. 106. Tpera8loiafd9s9
0

claim9l1l wherein said printable sem conduct or
el enent conprises 10said sem conductor structure

76i nt d5e Mmethodpt ¢laim 71 &yther sampsgingihe step of criirg, ypolymerizing or

sel J . i Sk of. .
sertEsSdnehg ekl Bafit At Sg8A] i prioBR! ficonductor element
coneémbiedded #ieareia; theesbydixihgsaic ptintable semicotductor eldiient in said
The thod of claim9l wherein said printable
senpﬁ‘ﬁﬂﬁ'eggqyeél enent conprises 15sai d seni conduct or
structure integrated with at | east one electronic

devi ce conponent selected fromthe group consisting )
77of : Tha mgthed pbelaim 69 whereia spidplanrayizing step gpperaigs a Substantially

ookl 4k b Sy SRRl smiconucer

eacklenierdai d printabl e sem conductor el ement 20has a
t hi ckness selected fromthe range of 100 nanoneters to
100 microns. 109. The nethod of claim91 wherein said

7807 | Thabh&rh6@ Bt QaRTIPE fisthe? lcBAPLinG thaSepSF Bat&ERINgaI@ or more
recei ving surface via dry transfer contact printing.
251 elpctrirakintRieonnects toanaerrosed wreacs of said plaparizadipiniable
se L i ving
cur PALaGhabr RERTG cdid I6RAMAN b D eSRER) ' 10,
met hod of claim 110 wherein said assenbling step

79y 00 i PiEthof bEciaim BY whitsin SSRL i RemicdnRlicthepitinertis a
conpastablecdivGpihiddeed 6F Slattrérié tadiee 8bmpahéhtpr i nt abl e
sem conductor el enment and said contact surface of said

conformabl e transfer device, wherein said conforml
0CONTRE mdiREEsF dainfle® WnBk i icdndGetePBBnehPis an LED,
8 sai d %on%%aé?ssﬁﬁrggg; e\/%péglgyméggg%ﬂcﬁugg%gw&%Sg an
a laser, a solar cell, a sensor, a diode, a transistor, a p-n junction, an integrated
circuit, or a photodiode.

81. The method of claim 69 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.

82. 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.

83. 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.

Page 91 of 98



10

15

20

25

30

35

contacting said printable sem conductor el enment bonded
to said contact surface and said receiving surface of
said optical conponent; and separating said printable
w6 HogRMgsct or el ement and sai d contact surfap@r@gzo@%zgsg
conformabl e transfer device, thereby assenbling said

rintable sem conductor elenent on said receivi n'g )
84s u r The éethod of ¢laipp 69 wherein ﬁﬁ@(flfﬁﬁab'q remigonduetopelemeat gpmprises

w:},%frﬁ%ého%to‘i‘s btﬂF@Ré\ﬁn% H@H@E&"d fF‘Arﬁ'if?é“n‘anbé of 0.02
asse on said recel Vi ace us
eI amllhnmeters te r3@maillnetdesy anéa vT tlth s&bed’ted:l frofn thbaamé)df 0.02
r@ﬁh gog abl e sem conductor elenent is
ass BHNEET MRSy i ng surface using an
el astoneric stanp. The nethod of claim91 further
i Si of providing an adhesive |ayer or

conprising the ste
85p| g% Be iﬂﬁtg@d phglaim 8% whgrein saigkprintalje semiconduetpr glgment comprises
opt I
D R SAmICSHRRRT Shuoty (VAT A i Se RS i fnae of 01
t hensmmpsersﬂo miflimetenand aiwidtic selectedifront thedvangeof @.1
recei.vi ng surfac and assenbling a printable
senﬂﬂ% ?3?1éP@H@ﬂF ‘on said receiving surface of
sai d substrate via contact printing; wherein said

printabl e sem conductor el enent conprises a
86s el be Mmribed of caim B9 wherein saidprintable gemicpsduetoralemestcomprises

the r a
aprsRRiorRhuctr Btcw R haviiTh férteh SR Hin MeBhGe 2 ¥

100mllhnnletersm 0 millimetexs t dricck widkth selectoc fea theorangbef 1 millimeter

ran ﬁ 3 001 mllimeters to 3 millinmeters. A

a dUCTT* e Based optical system conprising: a

deV|ce substrate having a receiving surface; and a

pl anari zed printabl e sem conductor el ement supported
87by $8¢ MatbedplAlaln 6% wherain smeqrataplg sP@icgadyeler slement comprises

sub t
s SEErRBH SrBelft RS IIBOAT SRAMF gl RRRor 0000
|ncmlltimete§alaj0|:ﬂmlihmbtees Page 96 of 98 WO

2008/ 143635PCT/ US2007/ 022959 sem conduct or el enent,

wherei n said planarized printable sem conduct or

88¢el eMRemethoof claim 60 wbBteIn BSIdGrintatié éelmtdéhﬁuét@k/el@ﬂ\eﬁt compnses

Ien th selected fromthe range of 0.0001 mllimete
G8micAndurios skpature;hgying ﬁ%@*‘@?ﬁé&'%ﬁ%’?’ﬁém a'ﬁ@e of 0.002

of il Bterst Ioldge,tnﬁ Mefefs. 1000 millineters and a
t hi ckness sec} ect ed romthe 5range of 0.00001

ml!lmeterstOSmIIlrreters 117. A o
895 Y& LIS Lbr B2iRTEY 8hhbfidihg S LGPLCOMPr i ST ng:

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.

90. 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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91.

92.

93.

94.

95.

96.

a device substrate having a receiving surface; 10 a
plurality of printable sem conductor elenents
supported by said receiving surface; wherein each of
said printable sem conductor el enent conprises a

sem conduct or structure having a Iength sel ected from
Adnethegeofspaling eemicenduetiorpased opticdl systamngaid methgd

%gggﬁhﬁﬁ%%@sré’fmthe range of 0.0001 15mi|lineters

ers and a thickness selected fromthe
range of 0.00001 mllinmeters to 3 mllineters; and a

r|d mesh vided in electrical. contact vvlth at
PRrviding 5, qntical sameanent ayng prsceiving sutiags] and

sem conduct or el enents supported by said receiving

surface, said 20grid or nesh conprising an

eassambliy & priotaide sehmonm:lcmrieziémemhem eaid regeving $wfage of said
r ov ectrical. int connec str ture or

h
Pt Gibrghent s Coadtarntpa Wb IR SaRL priteHe sénggShauctor

element comprises a semiconductor structure havmg a Iength 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.

The method of claim 91 wherein said printable semiconductor element comprises
a semiconductor structure having a length selected from the range of 0.02
millimeters to 30 millimeters, and a width selected from the range of 0.02

millimeters to 30 millimeters.

The method of claim 91wherein said printable semiconductor element comprises
a semiconductor structure having a length selected from 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 91 wherein said printable semiconductor element 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 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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97.

98.

99.

100.

101,

102.

103.

The method of claim 91 comprising assembling a plurality of printable
semiconductor elements on said receiving surface of said optical component via
contact printing; 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.

The method of claim 91 wherein said optical component is a light collecting
optical component, a light concentrating optical component, a light diffusing
optical component, a light dispersing optical component or a light filtering optical
component.

The method of claim 91 wherein said optical component is selected from the
group consisting of a lens, a lens array, a reflector, an array of reﬂectors', a
waveguide, an array of waveguides, an optical coating, an array of optical
coatings, an optical filter, an array of optical filters, a fiber optic element and an
array of fiber optic elements.

The method of claim 91 wherein said optical component is a lens array fabricated
by replica molding.

The method of claim 91 wherein said optical component is an array of light
collecting optical components, light concentrating optical components, light
diffusing optical components, dispersing optical components or light filtering
optical components.

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.

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.
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104.

105.

106.

107.

108.

109.

110.

111.

The method of claim 91 wherein said printable semiconductor element is

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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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
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112.

113.

114.

115.

116.

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 providing 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 éaid 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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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.

117. 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 blurality :
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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