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RELEASE STRATEGQ ES FOR MAKI NG TRANSFERABLE
SEM CONDUCTOR STRUCTURES, DEVI CES AND DEVI CE
WOEOMBGHMERBITS CROSS- REFERENCE TO RELATED APPLI CARCTNS2007/079070
[0001] This application clains the benefit of U S
Provi si onal Application Nos. 60/826,354, filed
Sept enber 20, 2006 and 60/ 944,653 filed June 18,
Rm_@AsEés:rRRfEMEsfF@waAmncmN@#EHABtEeSEmedNDucmR

t he ext nt
ol o RO R TS, PRV B D G R G U ENTS

variety of platforns are available for printing

struct ur Q5R@ ggﬂﬁménéstT@twéu_ﬂiirépigpmcﬁﬁrimsem s

supported by Vi ce substrates, inc I ng

[ooogano‘f’ﬁl‘s E&t?’o Oﬂj}@ﬁ%é bkt @ y. 'd, @?b@l%%n%'l ﬁégﬁ@éﬂoﬁ%os.

a varrety o patterned structures.
60/8%;354;If'¢ed Septﬂmlmer 20, 2006eartds6 @i 4652 fikedapyple tAt200TS each of

descri be different nethod tens for.makin
whicth S DA ROy TEleiBBC0 o e BUell By ARt dTias ot wih the
presdPidischiire Nos. 11/ 1 15,954 (18-04 filed 4/27/2005)

11/ 145, S q (38-04A filed 6/02/2005); 11/145, 542

(38-04B filed 6/02/2005); 11/423,287 (38-04C filed

6/ 09/ 2006) ; 11/423,1 92 (41 -06 filed 6/09/2006)

11/ 421 , 654 (4PBBEKGR ND ©F THEINVENTION 354 (15

1-06P filed 9/ 20/ 2006), each hereby incorporat ed by
[0002]ef efeviaietyt of plAdOmENG afa ayrilablenton wsingpg struplbiresvpp iflevige substrates

and JERE QMG sEPLAlER b eTRECHADLEES Hkhy chontigures.
microsfruatupes,tflexibi@elgveenidsp ant evwartsy ofretnee gaittented structures. For
structures conpatible with high- throudghput processin

exampig, l?a'R‘é"nQSK/PUéatﬁﬁtﬁ i paient srplnadiens . eégmﬂ*ﬁemﬂm%ods and
systehﬁv%%agmigﬁgﬁpwgmgﬁeﬁﬂ £ of erﬁgtug%@tlr%fﬁ?lﬁé% S. Pat. App.

rovi Iovv-c st gener
Nos. Sﬂﬂl](ﬂ;%fe(ﬂ 804 dildded /a7 /200501t 1 Mg 50517 41 38-04A Sildus t r at es  or

6/02/2@@%)‘?,121 /%gﬁggaggé fpﬁg)ﬁlgﬁ‘” G5 oBHRE M S 0e7 E‘%&j 04 filed 6/09/2006)

11/4258t 1O 144-66 fiRRN6/00W RIS )L P1/RD 96539 4805MEd 6701/2008); @0%26 354

layers. OF particular ‘use are individual |ayers that
(1 51 @BB filech ©£4032006)l ageh beraklysheorpheated mytrietarance by tesexdert not

N T T —
transﬁré@b%nﬂéorﬁdﬂﬁﬁor elements. There is a particular need for low cost methods
and structures compatible with high-throughput processing to make device and device

components.

SUMMARY OF THE INVENTION

[0003] Methods and related systems are provided to facilitate low-cost generation of
structures capable of printing on device substrates or device components on device
substrates. This is accomplished by providing stacks of multilayer structures configured
to provide access to individual layers. Of particular use are individual layers that are
functional layers, where the functional layers are subsequently incorporated into device
and device components. Individual layers are accessed by release strategies that
provide sequential layer-by-layer access or access to two or more layers

simultaneously. Those functional layers are capable of being printed onto, or
1
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provi de sequential |ayer-by-layer access or access to
two or nore |ayers sinultaneously. Those functi onal
WO 2908103683t € capabl e of being printed onto, or PCT/US2007/079070
iincorporated into, devices or device conponents, by a
. r n .
ncorthBfed ERIRIoRa AN BnparenS ey BXSbE Minge BEBfining methods
and systeznat €hese myttileyqrstaclabystems prowdefacatﬂbélitngeheme multiple

. ructure tiple in
printap}é BE LN SErATE B debeL Sty edioniaBES Ml TaeTs op sincle
procés‘saﬂﬁefr@tﬁ)aBé@re%bFn@%érc%spber' FrRBbRSH t%@r@%l@@trlﬁ&@re or layer and
final cost devi ce or device Corrponen
decre[asmmelfmaénoatgﬁébe enﬂmvm/@rrfﬂeme pemwpdest. net hods
for making | ow cost and/or hi gh performance

[oooﬁlhgﬁ faP\]I éﬂ{ &i%#:(,s[f unClﬁyéﬁtkina;%fr%(no%tsrrﬁﬁtth%g?orht"ﬁ\ékm% 18w-cost and/or high

I Ona

performameaph@tbedltalos by&n&lﬂla@ér Slede:tuCés hé\ﬂn@bcﬂlaﬂamt)t@ﬁfonctlonal layers
This multila groach I s_advant ageous for a
that cgn helRsprREra r'n@( ﬁﬁ\aé cefrof fhepréOtQMP%ﬁ“Cca—h!SsmHﬁ&ﬁy@é approach is

advatlgt%%ﬁ%% ?barﬁa dﬁldlﬂl? ﬁﬁe&%%b%?%h %Eﬁmﬁﬁérﬁfé@g%leaéﬁ?érd%éﬂg may be grown

in a singbs depositisni rdradbe@byproéding tpacamgl andemﬂmnm;g of growdh chambers,

growiPeiibeuats S tacspieweraion. Ridht Eegpludn ¥ ke h by ere.curenty

requﬁé‘%%)?@ﬁ’@lé I%y@ﬁfélbfn@ﬁﬁéﬁ hperdeRhks p%lsst‘é's@fts ﬁ?b 's@rﬁﬁ’c%rnat decrease in
reby decfeasing the cost to the solar cell device

mantdmtpan@m)st per m eelidayer, Hmereapdbcreasmgomel ¢ofs¢ intheosalar cell

fuII funtlon ayers froma .her ubstrat.e
devich i abS e el ot Btger L iliSnadaygrs from a
mothé%@dsﬁ#&@é bPevidéislire étﬂﬁt'y b lide Mgemnotiarseibeira® BNcéiructing
sane not her substrate. Furthernore, the nultil ayer

additiopak mgl!IHQa\tqr&thiCBJr%@ﬁltbe lpagie @Qm@réﬂl}’@stfat@ pEldﬁth@ore the
muItiI%&%Q?c?rﬁfg%g%tg)é%rhéér% Ig‘h‘éﬁ f 50 esrﬁ‘%}éaﬁ gjr&ﬁ@glt g%s@rbt’i‘l%esq?tc%res that

may bereadilgqrimted td pR86Es and @thefr‘dmbétra’@sthamgmtvhctd raisge of form
PYOVIded for making a device or device conponent by

factolsy ovi ding a multilayer structure having a plurality of
functional layers and a plurality of release |ayers.

[ooosl]n Ui $n BRIMOUFHERL b3Retndl it %?é\hdé’d RAhAKAG &f ddvie or device

rel ease layers aré positioned between the functi ona
Comploayet By pmmloglai@uﬁm}@ﬁmctura@aﬁ/mm plmality lo&fuerasionak layers and
ers are

a plugefifrot Bl 1oy 8sy do W <G %00 ity P96'°8rn<§|“§$ PiEase layers

are pHQm@n@cﬂ beffedreirRABAclicHR 1 ye?s tapRVidd BBcddRabapé fuﬂicﬁi@ihal layers.
one or nore of the functional |ayers. This functional

At leashpeportien ehthe yaptienaldayers are released faputieenuttilayer sucture by
separating one or more of the release layers or a portion thereof from one or more of the

functional layers. This functional layer release generates a structure capable of being
printed onto a substrate. A device or device component is made by printing one or more
of these transferable structures onto a device substrate or device component supported
by a device substrate by any printing means known in the art (e.g., contact printing,
liquid printing, dry transfer contact printing, soft lithographic microtransfer printing and
soft lithographic nanotransfer printing, solution printing, fluidic self assembly, ink jet

printing, thermal transfer printing, and screen printing), such as by contact printing.
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printed onto a substrate. A device or device conponent
is made by printing one or nore of these transferable

W@ 008084882S onto a devi ce substrate or devi ce PONpSIUETI079070
supported by a device substrate by any printing means

[000 ”O‘Aﬁele%sb §u§é& bk an§ 98fe?Sto BRY Riddne: f0|L &Hrdting at least a
arn o } e ol i

ry tran contact pri
portidni mﬂm@yapfrom other tyeas 8T thie rpuitlfayengtraotwre oFt)r example, the step of

relea|§iiptgpag ra g: p?or 3@5&@?@%&%{% Hg?a% IB'BPrh@ I%:y%g?%tructur%’may be by
physkélﬂ%é@a"raﬁrﬁg Bt 28t oﬁé‘ aﬁ%f%@[bd%rn't (ﬁy'ePQ) Thé lé@lhac@ﬁt ﬁagers may be a
tact printing Rel ease i s used broadly

release:f%mef, thas l%\ﬂsijaqzéaLt@ a dunotiepaklayemnig the nmytileyeastpestufeonThe

releagt |dyer B Eonq A e it dtE e bl of A 167} blpoil of a fungtipnal tayer

in respoPoé tid arelRfasa stiviigls . OR8t ex@yiple, tierelgagaistihliRgenay comprise a
substructure may be by physi caIIy separat i ng at | east

chemigeh op aNySiEal il e allraieies atieasa; %&m of fpieleasgyiayer,
therepg fé"cll tS |ﬁg§’ﬁ<§e£§% ?f ?ﬁ I%aiadeﬁt ﬂmc%ﬁé‘lth.}% Qt%bl%gahowever

aye ructure e release "ayer

capable ofwﬁﬁebtlmlg:bedrgemecﬂ eelehsé Hyer nedyes ased. @théreaeimples of releasing
i.on of a functiaonal qu er in response to, a rel eas

Stepss'f‘FngPUQUt g NANFHSALO, B15EINIPEAREMOre FRIEASE IRYFrS. thermally
shocl@ﬁ&%ﬁb%ﬁ' Rord 1ol 48! Ia?érspBM%'tlﬁga n%tc}rrmbt‘ésreﬁeﬂags‘ree%g@r%"rﬁﬁexposure

[ east a portion o the re ayer
of the‘ raarteaset layersgorai¢ derpagietinradifitmodnemfalaser sowaice) aiyddecomposing

one o Mo eI 5 S B eeB LA 8 chBEE et
an aspeePSundtondfiRy e iredéchreted 10adjg€ertQaydts BY dHEHORfAgMheans
nore rel ease layers, thermally shocklng one or nore

located pbthecends eiitbe Tayaraand goselease isrpelieved busederspsiing Bithose

ends J R s HhngPat FhGE; AubRAT Sy AnChES g sEAIEEq Be papems in 2

sacrlfftﬁéleay@ SrasRedsaygyer, merébylbﬁﬁ/ﬁdlﬁg ahbRorfsehx@aise dnaar@a@ent layer or
with a_chem cal agen ect, functional

| ay
a substrate; o hiiesa agchass é’(ﬂ?\ﬁ@!%ﬁlﬂrtﬂ'%w @@"By '%H%@B‘?f‘r'g@ Oﬁééﬁ?é(ame tether
t

points, 8F Ricfiaf®)confioIER iR of DR ctidhlayed Bortkihs! ROBRGIN > any of the
methbdds disiclmsat HQH@’IG[ layard grata¢maizl ayttacmwhortble aftedmﬁdul hdizhal layer

terns i cia or rel ease |ayer,
are rqtaYatby o apae g D PECTTRETADD Y foreiia fre Fidfaver structure
with é’%eXI ;ﬁ‘&r%hra%tﬁw elHRERe RO SRR %h I, bWt is used to facilitate

in the design of b akabl’é tether points
contacbpfiaiiig ot t’mledlf’re@ﬁﬁs’tmd:ﬂueeitd afsurfaté. of functional |ayer
portions. Optionally, in any of the nethods discl osed

10004157 o P s b ibsloRhel s STE b Gt Bt e more of the

functioBaplegerpthreuitowhhapstsigHdl Pesédts arichphlagest ot lgast partally
with a stanp, such as an el astoneric stanp

transyiting tag sggna[a Reagrmeleuisd signaldbpt qstqi@@tromagnetlc radiation, the
functional layers are at least partially transparent to electromagnetic radiation that is

capable of ablating at least a portion of the release layers. Alternatively, if the
electromagnetic radiation is transmitted from an opposite side, such as the other side of
the substrate that supports the multilayer structure, the substrate is at least partially
transparent to the electromagnetic radiation.
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contact printing of the lift-off structure to a
surface. [0007] To facilitate transm ssion of a signal
WO 008/08@8Brase | ayer, any one or nore of the fuPCT/Us0a1/079070
| ayers through which the signal passes, are capabl e of
[00083t 'Rﬁé%efﬁ(édr%'fbyrélfé’élﬁg"é 51‘1% HQ&aﬁér%Eﬁ'loca'fé’cﬁ in a release layer.
xampl e, for a signa t 1s e ectromagneti c
Suchreadiagk ifacilitatesdiff offiof onear margdusctamal &yersehgapplying a stress to the

arti arent to_el ectromagnetic r.adi
systefif such st thErEBEHS Hyeke g oo BRYE nfgnifed bydhyymeans
knowh&h @r@éﬁrt'nﬁ’d@ﬂlﬁg B gt itatetoya rriefchbh%aﬂcﬁ@h’ﬁ@émﬁpﬂﬁéﬂnﬁ“el-

radiation is transmitted from an opp03|te si de, such
geneegied frrcet her side of the substrate that supports the

mul tilayer structure, the substrate is at |east

[oooeﬁar t I'naéA gsé%cgg%ﬁ)féfﬁte r%&htolag o%cﬁ&ééo‘)@%%qweﬁ{a further include

adi ation ther nmeans

masking & leasi & poaioncd themlaldyemtmcrtaieealé@r éxarﬁple §wnéslalayer that is
crack facilitates |lift off of one or nore functiona
in th%\?%rC@”B%ﬁt é(‘ﬂ%‘l Qe gr ROEe F@Q'Oﬂa' '?M%rssy%lt'@}ﬁ“a%% ﬁrqiga@q)ble of at

Ieastpgﬁldll‘;? é\?é?wt‘nﬁyé%{ﬁ)gsu@o% BrWeh‘gndtBh%P% ERdo té{)&‘]gnt,

ans art |n udi ng, not |mte
solverrtaohdnemm:lal agdmirprowldedrastdmelead;egmgeabiberéle‘asecz& led1@0®rtion of

the fur iRl B et tase e My o e S8 § FEskIToy ke USeul in
applﬁﬂiloh‘s'v%’&é thé "flh’f?dtféhﬁl lalyeF |sea<ﬁiﬁh|-(ﬁjal® Fé@éktﬂaﬂ@éxé&ﬁve and

I's in physical contact with one or noré functional
prong toy@aagshylhenelkesasignehsaehason atchiashst partial |y
preventing exposure of one or nore functional |ayers

[0016] el e@éﬁo&ﬁ%“%ﬁpch %’ gglilggillnihse ic{eoalﬁgcg) ttfc!tw dgrq%gism%re of the

functbuabltaaen‘satb fuaper aclitstathé etdpld)ft feleasiig &t least apertiobusttsaid
be useful in applications where the

funCt*PDﬁU@V@ﬁaT)!{Omé%r"mﬂ'H'aéier@}?ﬁtWr?ty | ayer that is
expensi ve and prone to damage by the rel ease signal,

[001 .@gc hTRE n?é"fp@él§ﬁﬁﬂ‘tsg %Qﬂoﬂd%daﬁ%nﬁér Gitfor ge?r%rragng a wide

rrier mis in contact with one o
rangen6f tréwestéraida stnuetUrésalyae\rnsg EONrﬁarrahge of geoﬁnletrat d\dachedingly, the
o of sai

St I
metng Foedhans of Rrareraianiine milibet o i S8 iastying processes for
a widb08gd bt Ebﬂcg%hhl%iﬁllﬁ‘é’or%éh@rﬁﬁnﬁh@fébﬁﬁé IPBRIAOBEE the

useful for generating a wde range of transferabl
transterabietstiiuet.ra dasraylayentyhs g%m’g@trbf Inyaptver gspect, recessed features

are of ISR Ao B50 RRORRC i REE P R cpPERIEBLR Pcgonal avers

geneNﬁté@trﬁﬁQ@eatﬂé steires aadingHecsr me@pf&@ted‘f@cﬂ nfieobized.or
nanolsgeg1 r;Bh?gll?:glcctl|metn|;(|aons For example, generation of recessed features in at
least one of the functional layers is optionally carried out using a patterning technique,
such as a patterning technique that is photolithography, soft lithography, electron beam

direct writing, or photoablation patterning.

[0012] A functional layer of the present invention is used broadly, and refers to
material that is of use within a device or device component. A functional layer with wide
application for a variety of devices and device components is a multilayer having a
semiconductor or a sequence (e.g. plurality) of semiconductor layers. Functional layer
composition and geometry is selected depending on the end use or function of that

4
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transferable structure has a |ayer-type geonetry. In

anot her aspect, recessed features are provided by any
woredokosbsBnown in the art so that at | east one PET/URM07/079070

functional |ayers generates transferable structures

f“”"“%ﬁé's'?ggf NCodéxdHbIE, E?fe%é‘dmfe%@%f %Hn@&#oﬁ%ﬂéyé}?%ﬂ F&£8t least

di mensi ons. For ' exanpl e, generation’ o
one seetiessdutidrelayer saecteddtor das graupecatsisting dfuasingseatystalline

semig¥frIoy Y g RTGan S‘éﬁil%fa}%% Ui AN 4R OPRis SqTG CBnductor layer,
alll \V’B@Frﬁ%drfd&@ﬂfr%véf aﬁ@fat EW%‘Ié’rﬁéﬁtal et 86r‘nb60n@%émlconductor In
direct witing, or l'ation patterning. 12]

anotheligspeeotn de swanwoftse@lmevr lapotsns iad feass t\M@ @@mlconductor

avershARhor R eE onel st Riiet . 1 RhAeE 4T ol e

functrahdelawrsl ib @Bddefrofrodn@ ol aiore el edtrid éxier€®r 8RE dl@Ndreeconductor
nponents is a nmultilayer having a sem conductor or a

layers elfianeaas genbAHAEIANY ferda e owilexasmanpedierent than
other Hﬁ‘@tdn%nFHyeHa eaﬁé% %ﬁ'rﬁér‘?tn i‘ii?l i obéMﬁg%fsﬁﬁ'tﬁé:mﬂ ilayer are

endi I Ng-on t use or unct ona
the sfamperln alﬁosrmbadzrrmm,, a fdm*tusaqlueyeremdhemnﬁulegeldlsca oomplex recipe of

indivilg@%/l é?@éagy §ﬁé3@rr%®bp0 e Sl?;gl@ ﬁgtgg\%tyggs Slnntgpgrawmgs included
as a Sar of #id bB@I|c§a@|6h091édé{ﬁ5&ure|s%fved3%rﬁﬂ9@s@ @nctlonﬁnl Iriu)/ers are

sem conduc I'ayer, an 1 norgani c sem conductor
referradtb -ag “fendtiooaduetesials elpergntand devigesuf-MEDe).enment al
or conpound sem conductor. |In another aspect, the

10013 OB oL IR el el s BB cherpin noluce, bu

are nBElirARe@tS fuh(Etldﬁél RERESthat ake hAIISCtRAIMEC prt“bbleor electro-optic device
functi onal ers is made fromone or nore dielectric

ora qo&@@@rﬁpf éﬁ@ Rrafie, ORtisAk el cio- ¢@FG¢%V|CQ @ e@mponent thereof that
is a p‘épfttgd% P Lur}c‘ﬁghug% ‘?ﬂﬁltrelr% 6r r?r% ﬁg{ﬂ%%t“ ls%fgrrcéfa}é multi-

an o her func |0

Junctlemrrwm a phbtodidde, feuligtiticpmittingl diges sa laset, haaCMOS device, a
nul ti er are the same. In an enbodi nent, a

MOSFEH}HQ cbel?ala ME@&ET devige: oA t1EM] gevics: a conpl ex recipe
of individual |ayers, such as a plurality of

[oo143eMm Wéﬁib%ﬁldwéﬂteéﬁ¥lok the Hﬁltﬁéﬁé’ﬂéﬁ%tdr@& gﬁﬂ'@'%néﬁat@d ona

part of hi's app I call Oon, t he structures erived from
substrates dn fanraspesh at léast one raleasedayarrie gravided befwasr ihermultilayer

strucflfe P T sSb ST, Sudled P ki eRe Ve Poutign bayheth i gotional

Iayer Reted subdifdteldeh aRbtheprBSpE&t alrélEatethye? is honsioviizal between the
| ayers that are an electronic, optical or

mU|tl|éV%rc$tﬂ¢C-t@'iﬁ and thevsuhstigte. a|rbtb"@b§ﬁ%$»tth©fm@heéﬁ@f@$tfaiﬂ|a@d/0r the
adjac%ﬂ tuq’l% |onglllg§(%rr &Pgﬂtelgﬁﬁ%%\'ltgfo r&e&%ﬁﬁ%tlc}rﬁ?r rfrom the

substratendh sihaaspeat mmmbmerlsmbtstrare isdisalf acreldasedayer.
mul tijunction

[0015] The multilayer structure and specifically the individual layers of the multilayer
structure, may be deposited or grown on the substrate surface as known in the art. For
example, any one or more means for growing or depositing layers on a surface may be
selected from various techniques including but not limited to: epitaxial growth,
evaporation deposition, vapor-phase epitaxy, molecular-beam epitaxy, metalorganic
chemical vapor deposition, chemical vapor deposition, physical vapor deposition,

sputtering deposition, sol-gel coating, electron beam evaporation deposition, plasma-
5
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solar cell, a photodiode, a light emtting diode, a

| aser, a CMOS device, a MOSFET device, a MESFET
waelewsoss83br a HEMI device. [0014] I n an enbodi PERUS208T1§79070

of the nmultilayer structures are generated on a

e I
enhaﬁé@@&ﬁé}gfcal {/Qp&fb e rru tlﬁ:fmi?géﬁésrt&{}ﬁ)s‘it%n ﬂﬁ&'d tﬁ%‘%@ dpttaxy,

rovi bet ween t ture a
electmbetrmzal eepesitibn ,asand spét eaating. alyesuchos rrtanueectnblérplmteansferable

struchre S Ea8 oo SavstErEAThcpbaelRzss 4 Ha° fplERG el laver
(e.g.,3hé Wéﬁrcﬁ)s%%ﬂtd {h @b@%t@é@tadét)uﬂtéaéubs%@e |st6‘tﬁ|orr“i@ﬂ§7‘9éused again.

substrate and/ or the adjacent nctional |ayer provid
Suchtragseipggultsyn cosk @\@mcqm@amﬂmmanutactwrmgrprprzsmersrwhere the

subsEB3IoERiEeihe) M BRT e SREetubt oafPReo T, 1B shifievice or

deviceeehgorealt! y the individual layers of the nultilayer
structure, may be deposited or grown on the substrate

surface as _known in the art. For exanp

[0016) e TlR@ AH4tiIlayer @tfuﬁturﬁgo@pr@gbwluqqsga p‘mrpgaeglﬁygr and/or release
layer %%angﬁﬁg@gﬁ&eé @éﬁ&ér%é &R Mﬁt’s‘ é’élf%rxﬁzf&g;{rb\%% a substrate, such

i nc not imted to: taxi a
as altewmimgateimedep@srandofnrnctrertmnamasm epretnaqurment the functional

et Bae TP BTESSeR SR BbInedaRerT PERG BAYLIR-2bo D HRep00

nanoﬁ’t%@é’r%' tih @R erABOdiRRIN Sk Hﬁﬂﬂéﬁ/éﬁ QRctgel hé%‘%bcﬁﬂ@ttb%out 200

el ectron beam evaporati on deposition, plasnmaenhanced
functiohahfiayars amttor ableyos i aleoyt 2&10dreiea8|ed9ﬁer8d diiesiel¢ase, layer,

| ,.qui d phase, epi taxy, electrochem gal oSi ti 0 nd .
depetdifit' B R OB rafiofamhe e IR af d it Bhertfibodiments
the réiéadiClayELMag e BRERIT Bfoe exampra @emesatneerbcﬁrtd UMY 2 um The actual

rel ease of the final functional the | ayer

selectipp o f1e e@mpasitian vé theateteass Iﬁﬁ@@ﬁn ){Qﬂﬂi‘ l%ﬁl@@'@rﬁsédr@ a number of
pararﬂ@fer?rﬁ,clnyasr \ﬁHéﬁt@ ﬁqgﬁgsrr%%?:‘@gfoﬁt'ﬁ@pg@%f s)fa n'mﬂoﬁgﬁ%%ers (e.g.,

ngs co orranu ere

epltaﬁabgl’blt/\&h)? Relsetsé layeer sohipsitibmnagethairdesay bgeél,axed if growth is not
incorporated into the final devjce or devi

ep'tal(ﬂ@hplarﬁﬂﬂ't'or[ @Mé‘?'e&h‘ﬁe'%r PPW@F'OQtSthé't%?% C%‘tﬁa@iﬁ@ wigh the
releas&6ird f8r Féélkée‘% gﬂgtctrb%ﬁ% &ty %tﬁ@'@?ﬁlﬁgé@é’tﬁﬁcture. For

avi ng pre sequen e of thin
exam@tn trfabhearble;asgrmwharrrsra is bpsracking, Yoty sasrodutusrmay ibegselected to
se Ia ers and functional layers. In an
fac'“t@%o%%frﬂ%'rﬁr CKIA@ functional |ayers have thi cknesses
sel ected fromthe range of about 5 nmto about 50, 000

[0017]an0mh9ro$ﬁerbﬁt adviesdarl eRfHblé bﬁbambtmta@d@rsmgtérrtﬁéﬂh@ methods
has about 2 to about 200 functional '|ayers and/o

disclogggihiergin: dnaioegprert.ghednation pigeides amethas @fg@@krng a
photév%}tgtcdevice or device array, a transistor device or device array, a light emitting
diode device or device array, a laser or array of lasers, a sensor or sensor array, an
integrated electronic circuit, a microelectromechanical device or a

nanoelectromechanical device.

[0018] In an embodiment, any of the methods of the present invention are for making
transferable semiconductor structures. For example, transferable semiconductor
structures are made from at least a portion of a functional layer having one or more
semiconductor thin films, and releasing at least a portion of the functional layers from

the multilayer structure by separating one or more of the release layers or a portion
6
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dependi ng on the system configuration, may be as thin

as 1 nm In other enbodinents the rel ease | ayer may be
wo booskaas37 f or exanpl e between about 1 nm and 2PemUI1ve7/079070

actual selection of the conmposition of the rel ease

therebP6h SR &F irdte bFtHERRRC eﬁlﬂ%%)’%’? a WQ‘FJ nﬁ’ethod? are provided for

paraneters, such as SI red to
makirng gphgptaidltaic device bodavice ayrydy rerogld,mgapt leagi alportlon of a

functBaRLlodty B 5 Gt PHOIRyBRE el 89 A FLie RgH Celbfgaving @
presét@ét@é%@qbéb{@é ofSerARShtL&r $etilHs be conpatible with
e rel ease strategy for releasing functional |ayers

mthe nmultilayer structure. For exanple, if the

[0019]el e'@s@Q’f’é@h@fﬁb@ﬁtm%‘“b&heclﬂ}a%fktiq{gls Wﬂy’%fthlm arfigyice or
dewc%ECo acﬁfeftn?%ﬁe)re a%geétjlf c‘?etl?a tlé gﬁ#w&ecﬂ;ﬁ art]ﬂ-:‘asbt gg)]o? fion % a

eren vices ar

substeatg sntrfat;be Swrrifioids lages & tmﬂbu’@edw to. refer tara matnﬂat thdthecilitates
i nvention provides a nmethod of maki ng a _ghot ovoltaic .
remoyahef @fugeti "%Séeraffqrﬁya, suypstnatm s i8¢ spchlicialdayerhamked reeeiving

surfagé t&ryrecéuvldggé‘turﬁ;tfb@éli Iﬁgerqin%tjé?ia‘ij.e%é%aEFifiétﬁl"liagér i@fsfe?é’ctivew

['aser or “array o ers, a sensor or sens
pattemed oyt egy atezthsednewtrr iorthe act toceveal the underlying substrate or film or

| t h | d
coatifh fde SUb SIEA 4 Qo eSARUHIG Patisn s e PaLiera A G oRset substrate
corre@t%(nc@c tof Meﬁﬁ’él%opfeg}l&@s 8f éfiﬁtﬂtlohﬁt’@?ét \Q/Heﬁrttﬁ*e fudctional layer is

mak I Ng transferabl e sém conductor structures. For
subseqmﬂtlweptosaﬁef &1 pattisusentheaiaposited fgatiopoalleger bastwo regions: an

anciR SFaigho et spraepen i b tliefius el FIRE segftihr taver ana an
“unarichlofds rétort whesthefe R saeHTichl 14z thatsdpearel th@Ygidtional layer
fromthe nmultilayer _structure by separating one or

from ther endgrivingesykgtede e Theyanchors can poiatips msHEidgsrelements to facilitate
contr@eﬂm‘t offYf ?ur?cftlo%g?l &HPﬁ‘tté ﬁaﬁernl tﬂ%?&ﬁrre@dﬁd[satbltﬁ unanchored

ds are provi de alrc ev ce

regiomA(ﬂJ@wlcneofameannbt)OrWI tayjed llst@l@ésdd@&ﬂfter@mnbe toetterrobf fainctional
functi onal @¥er that is itself hot ovol tai c ce

Iayergﬁghonf»sregl%lﬁ Best partially enchargg tﬁg}ﬁﬁ sypalsatecidat Ieast a portion of
the fLﬁﬁ%ﬂHﬁé‘I‘tﬁ cﬁ%ﬂcﬁSF&uﬁttﬂe dubsPald kMeteak8l ] rétﬁ/ generatlng a
er rrbo i ment, o)

anot inventiron is a net
pluralitylof g nafedablecstrusturdsyilte tcansgbenable strudterss are optionally printed

f I,
ono § 86 Rbek e BABRTE S Bub bl meroy
maklrﬁQJtHeeél&hcé er Ehen@é\ﬁéé a8bmpBAENT. a&hy pFALIRS rrfe%'fﬁ%\t@tbv\ﬁ]flnéthe art may
flunctional |ayer froma substrate. The sacrificial

be usegly sucthas cantast erinting)oe seltitior pfinting casciiesaniged herein,
functional layer material. The sacrificial layer is

[OOZOiel eﬁtteﬁlgtt%odiment, the releasing step comprises contacting an elastomeric
stamp to at least a portion of the functional layer and removing the stamp from contact
with the functional layer, thereby removing at least a portion of the functional layer that

is not anchored to the substrate.

[0021] In another embodiment, the releasing step uses a technique selected from the
group consisting of: etching the sacrificial layer, thermally shocking the sacrificial layer,
ablating or decomposing by exposure of the sacrificial layer to radiation from a laser
source; and decomposing the sacrificial layer by contacting the sacrificial layer with a

chemical agent. The functional layer is then optionally removed or retrieved by any
7
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patterned by any nmeans known in the art to reveal the
underlying substrate or filmor coating on the
WG ips8@BE i n a correspondi ng pattern. The patPE&r/nSmwh7/079070

exposed substrate corresponds to potential anchor

mear{sSHF inthedard, ‘éﬂ%ﬁ' a%@a\fﬁé tl'yj!l%'éléc!ﬁ@elzy %k@ﬂﬁ'lctional structures
ayer 1s subsequen y “deposi icu , the

from demnrst e rémynprtavihiag phageeirfuhanortaAmtmemrwmatmay corcéspond to the
regi on" that rres to tterned regi ons in

pattefr el Hamiar ndll R BR e SACTGRLINST ed egront  viher e
there is a sacr|f|C| al layer that separates the

[002Z]uUncCini &ambodieént, BAYOE fife patshing precesdsd distiesed herein to
anchors can function as bri d%e elenments to facilitate

provige anekensdhal ametineprposated imtettne maytilexgepracessepat therpresent

inventi pﬁlt he?feg ﬁﬁ)?@qﬁ?b%géﬂﬁngﬂ?dytf‘éé éél(i]é,oe%]ere Mé?élggse layers of

the pmhernvenflorﬁ thuttsepaedtes ayrdtionaciagers togravideadditioasl means for
tially anchored to the substrate and at_|east a

contr '@Q'Y 6@19&'”9 RePlEIEAEX ?BH&P’“@%@Jé?atﬁﬂt?"sa?ﬁ&ﬁ%rrfé'ﬂci'@“‘i'@ers
substrate is rel eased, thereby generating a plurality

[0021§f tfnaé]ﬁtﬁéla@rh%oéﬁﬁ&ﬁtﬂ‘{e%veﬂi% rAREtd girffabrlcatlngaplurallty of

tructures are optionally prlnte onto a device

trans’an@lsl&rmmcmdmté&n e;lerrmm@prmmdedsmmmnﬂtdalyemraayd eSuceprocesses
@ ?FH &, &dﬁ I thef evi ce ﬁ_r t he. dfvli . andor f

Provigy dH@rrW ACA EP ﬂ'igen'aJ ahQ KADWA'S FOHR SRSte 'gy§T grd/or from

multiple ¢8lyers With é’écrﬁl‘é?élaéépélﬂé 6\‘ g@ﬁet%l’ung%i otiFRity f él@ffﬂéﬁﬁs as well as
as described heréin. [0 an enbodi nent, the

provigisg €aprhijtysiosgddisivpal gl@mefﬁ@rmasm invleding pepeassing of elements

that ai%%%gh%@%ah?%@%rl?}gﬁ% Hag% ?(%t gg[ﬁp m{ﬁhéﬁﬂghob a&éﬁrcomprlse the

stepsfofirbviamy a hayerhavihgarkktaraapstirficedutieasta wafepicohPhrising an
of the functional |ayer that is not anchored to the

inorganisserHeRNdyale 19¢elerledegions of ihe gxiatnal surfaserase saaskey by

prov@hﬁ% fé‘rtéfﬁlg%gﬁ?ﬁ?b ﬁréaﬁt Uﬁf%‘gggtrh%@dy %%W?r%ﬂgpnasked regions and

unmetslked maglbylssiﬁmextgrrtdisua‘a?el ﬁl p:lur:—dllty famymﬂlef mllaltua”es rextending from
deco re of the sacrifici ayer to .

the eXEaIAIRLTACE i tGe RSS! ST rrialateaty Slentbe R34 regions of

the e%?ﬁélfs'u?ﬁa% of BYEIvaldr. 49 MidFhArHert 5ﬁe?§tcé bf)f'tﬁinaéf th@Y@ﬁef features

a chemcal agent. The functional |ayer is
each @pwe@’aé&asy oneraoviéalired sr@t w@xmdhawngaawm pmbIMhahvarles

.t art ch as ctive br eaks .
spatigliabh g KRBT At e 185 Hhe D36, Ao rtiskng St Rngrein a
secorﬁd rrrasﬁdnéwscmbm&o@ba wégmaéefsawéwmﬁé rc@ﬁféﬁfﬁéb ERle surface is

attern that was originally applied to the
only w@af meisked bxjbe sefoudnlaskn Tavs ganerdiermaskesgngfunmpsked
regioR8 bIEGLd AIcREIFE TR B 3 ORELAREEL N THE HPAUAR regions are
etcheprtoagseestecd plubalitpoegansferable semiconductor elements provided in the

multilayer array.

[0024] Any of these methods optionally use a wafer that is a bulk semiconductor

wafer, for example a silicon wafer having a (111) orientation.

[0025] In an aspect, the step of etching the unmasked regions of the external surface
of the wafer is carried out by cyclic exposure of the side surfaces of the recessed
features to etchants and etch resist materials, such as by cyclic exposure of the side
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i nvention. For exanple, the patterning nmay be applied
to one or nore release |ayers of the present invention
wo bas/0s@spar at es functional |ayers to provi de apdi/uszmad7070
means for controllably releasing a plurality of
S e Tl o0 0 B I I Pls o Bl e flerials. In
anothfesilaispeett, ireyetchpigustapiis gamiedtowdnusirey hiduetissyiCooptaccPasma

Reacfyg IL CiaeTish teced Spiumiarast i & SsuaryS bethdesugively
Coupfécﬁm%l‘%hﬁa Ré@&ﬂl\ﬁé Féinrlgﬂcﬁlﬂgaéﬁﬁf Baﬂé’r’e@roilﬁerEtHHérﬁt' dtRing techniques.

| ayers with each |ayer cCapable o generating a
lurality of elenents, as well ]ptrowdlng capability

[002<‘ﬁor kacr ﬁﬁ@@ﬂ!m@mteMGorﬁpr:@@ieﬁgo hasoaiuigd side surfaces have a
pIuraﬁ)[kgﬁ?%actbF& é){tel%@g?&@hg %t |ﬁ1]re?séat%ttaq8ﬁ§ﬂhd rgalaefkls of the lengths of

yIrng surfa

said siggBufaces. hEosérpaplef thy omrmtdungrcﬂnemrhey blea\»tnm &ipples and/or
external surface, such as a wafer conprising

scallqnest ianed resRsashipalyTss pr@@ﬂ@@?@cﬁaﬂ%ﬁid&%'r@ce?hé\ny of the ridges,
rlpple%%rﬁcgﬂée((?dé%ﬁﬁ?é”ds ufds BREYAHLE Ehadbh s sl{?(ﬁh'lng the

to ace ereby generating mas
step ofepaskiag dimel conmsecédldeesyrimes@s/ nrbmdmgtteermlcoed mhasie thereby

A plyralit f relief atures e endlng fromthe
genefatPirthinitaskedsEpis o e HeBa-TEE genar at od by
etchi ng the unnmasked regi ons of the external surface

[0027f theana§séct of thd MventiBmNAE stéd of @asking tRecbh®uréd side surfaces
the relief features each have at |east one contoured

by preyigdingsuseeid mask igcarreduiia praedivapendepsifiorof a mask
mateﬁﬁlati ally along the length of the at |east one side.
ot her masking step, wherein a second mask masks the
contoured side surfaces, wherein the contoured side

[0028]ur f Incan aspent] thepstep od etohingthieashrhgsidtbregtormof srdkskurfaces is
Thi s gener at es, nasked and unma ked re i ons a|3rc)V|

carriegy @Hd’% RBISCHRBIGLIERINgNBUS] a8 Wil g ﬁ’@é@' hatig ﬁh%@kwafer having an
(111 )rc?r%' rﬁ%ﬁdeétemﬁg the uﬁﬁ%%ké{i z%@oﬁf’s Bf Hd §|§e§ﬁlrfﬁcte?] is carried out

transterabl e sem Conduct or nts provi
via amebdtropiayetching pee;fere[rmﬁﬂy,plohgy<b’fo>t tiesaiomstdidioks silicon wafer. The

. tionally .use .a wafer t IS a bulk sem con
anisofBpisrSichil 8 pRHBNENS DV S ighaSkechiegiins of said side
Surfa@é t@gtsgbhgrbastOZS] In an aspect, the step of etching
he unnasked regions of the external surface of the

wafer is carried out éacycl i c exposure of the side

[0029]yr f lacars edboditaente iaselehinoeeftthe exmasked dreieNs aite sidgrsurfaces
generéaﬁ%é #He @%&Fé@#é%e rec %tc;?y (?ﬁﬁ%b $ WL f@ﬁléra%h%ff tﬁé‘glements are

esur SSG reactive

connedtetiantise aatkraligh brieigesdlemener i al s. | n anot her aspect :
the etching step is carried out using Inductively

upl ed Pl asma
[0030?0 p}\ny of {he systems described optional have a mask that is an etch resistant
mask, such as first and second masks that are etch resistant masks.

[0031] In another aspect the invention is a method of assembling a plurality
transferable semiconductor elements on a substrate by providing a plurality of
transferable semiconductor elements by any of the processes disclosed herein and then
printing the transferable semiconductor elements on the substrate. For example
provided are methods of making an electronic device or component of an electronic

device, the method comprising the steps of providing the plurality of transferable
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Reactive lon Etching, Buffered Oxide Etchant or a
conbi nation of both Inductively Coupled Plasm
woRe@s086887 | on Et chi ng and Buffered Oxi de Et chaP€T/US2007/079070
et ching techni ques. [0026] In an enbodi nent, the
semiGH R JEAEN|ETOTCIR AR By YGRS Brcken
invendaiohoﬁ'@lettmsrﬁeﬂabm(semmbndhetor etegérgs aire paintedsonia substrate, thereby

makifg fsoeleSonB ced o GRS S LEF eiElBh i 2R of the methods
dlsclds%@théréﬁn lEHé)éf pAREng Bte‘iﬁt‘h@t i éjeﬁrlééll bﬁ@@?%ont%&l/ pAhtiAd) eAny of the
ges, ripples or scall oped shaped recessed features

methodmdtspmedshegﬁlameﬁgn@tlmmsﬁe@ghahlé caragd obt bmseqguentially printing

ransleo @S SRR Sun bl Ble™ PR tbi Mt ons of “the

side surfaces. [0027] In an aspect of the invention,

[0032]he kit @penitbodirn&nt)the pentirenéerniceddsctde emnérasets atwst layer of the
provi ding a second mask is carried out via an
array@(@@ﬁe@@ S¥imerentranstarabie gemigandugior eﬂmg@qs in @ Igﬁer of the array

posutu@ﬁ%&%deﬁé%tﬁif?é’fu%ﬁ IaS/e?h' ng the unmasked regions of
side surfaces is carried out via anisotropic etching,

such as with a wafer that is a silicon wafer having an
[0033] 11Amoizb1|e'r entbadiroant afrttie gresentdnvdndionrisastbdds egmaking

f t si.de surfa ried out via anisotropic .
ransfirahiPrag P arEi g ameps FERGMEoetibus pRgRF leoBBhEqus anchoring
strategjiéd. CQOchahefiorintSroditiesod haRiber ef 88V aalss ediipafsd to/non-

provi ded by exposing the unnmasked regions of said side
ancherigdrsystenn® aadsreesrpebasech p9OIIE afficient usebeidhawyafer theé supports

the ughiiBl e Slerhef; BRETHERL A SorflololB P ER Rl §5Red ranster

In patticerae] theesrdmond of bﬂd?ﬁ elERMdrits ArGvige ottiked contrdlnsver the geometry
wafer via a bridge enent. [0030] Any of the systems

of e'%@ﬂ?lt%cﬁr@rﬁﬂeéﬁﬁﬁ opﬁg@@s@rr k that is an etch

resi stant mask, such as first and second nasks that

re cﬁIsaéH 0
[003ﬁnveﬁq}ﬂn§| S neth ﬁgf éscﬁ%h%g 3?“#72?%@%9)9% ahBffor that is
an integeaal gfaet aftthe fsmhomhtayer ofn gémrahtmetbndaoﬁ trtaé@rrgatranskfgrable

rovidin rali of t sfer bl e, sem conduct or
el Ry i aGed Sicnoliodisslets LOR B BN PR LR water
depoilzlhﬁ{;1 aFHddﬁ’ﬁ‘lbl%glzaS/B?oh ra@'l@é‘s@'é%rﬁoﬁ 6%W€H§G@écee|d%'ﬁﬁmbs
he substrate. For exanple provided are nmethods of

semicaridustpraierments byany Neansdeown indhp @ik @ndatefiaing anchor regions.

The aer{c?'n%} IFe()g%ﬁs correspond to specific regions of the semiconductor element. The

anchor regions can correspond to a geometrical configuration of a semiconductor layer,
e.g., anchors defined by relatively large surface areas and are connected to transferable
elements by bridge or tether elements (e.g., see FIGs. 19, 20, 37). Such geometry
provides a means for facilitating lift-off of specific non-anchored regions for either single-
layer or multi-layer embodiments. Alternatively, anchors correspond to semiconductor
regions that are attached or connected to the underlying wafer (e.g., FIG. 35).
Removing the sacrificial layer provides a means for removing or transferring
semiconductor elements while the portion of semiconductor physically connected to the

underlying wafer remains.

10



10

15

20

25

30

devi ce, the nmethod conprising the steps of providing

the plurality of transferabl esem conductor el enents
w@e@siosksar in a nmultilayer array by a process oPCT/H82007/079070

present invention. The transferabl e sem conductor

[0035)! e térdr'@fe‘?l_eeﬁé %h%ﬁo%”ﬁg%ﬁf@s@tﬁ’ Zﬁ?ﬁég@%yto%%lﬂ&or that is not

t'he el ectroni c device onent O el ectronic
an inbgval paurt ey e diinctiomairstyleodsictli aschodwds heateira mede af a different

ripting step that . is carried out contact printing.,.
matefigRep Wi S Hhangc T Gt R SOB S i g et is
definéd aRef that trafsféibld 88mRGndD¥to? @IBiRERisadrk YIdddhitRE system. One
transferabl e sem conductor in different |ayers of fhe

advamtageiaf apéerogpoedry anchaiingeraropanesrio honeganeousianghoring relates to

veteS FFAEEP SHENED FoRITE: ant s BiteriERuBlint Beflidlipactle water

footptifit. AnltAy @eterbgéheodys stae'neﬁgb%irrttjdmm_énu rROR&Red provited, the wafer is
first |ayer. EgOBB] Anot her enbodi ment of the present

coatgdnyiéh fisasrificiahigy e $emiconfuetorelemenss aiedigfined, and heterogeneous

anchﬁ@%ﬁ%@ﬁ?@&eﬁésﬁ%ﬁ%ﬁt QX@B‘P%%%&@%@M’%%HP an aspect, the

€r ogeneous ‘anchori ng strategi és. such
anchoris\d @3t andteriblesuch asdvehdtagsist oo il (siticdronitride), or other material

that HERT4 Sraive GISBM CaREUIEP BRI AT B MRHBTTEOff force that is not
similéerf §fs?écf?9i/ ‘ﬁoﬁ'—a‘?ﬂ?ﬁgfféd rer'yﬂnikg\%? Cede bhaRs! Bk %?Bh[fﬁtn #top-most

hanced registered transfer. In particula
semicorchictas layeriihialgd wideryingslapers/dodbelundallyingdvafensubstrate.

S e —
the afitidred 48gioRds remain ESirRicted B M BaRhoSudh®s by odact transfer, for
i nt eg%cﬁﬁart of the functional layer. In general,

exampia.h enemmpaginmenintr & mbltelayeesysier, Bie achajaiovides

ancn {087 4 6 AR 6780 | PeRBl bALBH Vo O E, "Bl gl e
anch@’ﬁn@syﬂémisi‘rdrféiﬁglerlag@ff sdrhit@ndestoe yereystens). ement s by
any neans known In the art, and defining anchor

i ons. _The anchor regions corteSﬁond to specific

[003¢]cq; SR 0hHe HRCNAEROCIRTES GFe BPKRRANY Masie byipalisFIng one or more
.. t 1 1 1 0
of a SeRAABRIEGEN 1GRIGRBPRYE, [ RERTILILCBY AOTNEAN RAGRR n the ar

a seni conduct or yér, e.
to genetaie exedsed watpr ssibsiraieecarat/easxErstdanre erlymgestretonductor layer.

Thesh BPRRGALER) et e ol MG 20 Sl oS R semonaucior
elem&®3Nas Wl ds¥el hdikiid 8@ clrbhfc-dtvicedf orsh&fdd ESmponents from the

non- anchored regions for either singlelayer or
transtenable-seayiepndudiodeleeents. Al ternatively, anchors

correspond to sem conductor regions that are attached

or connected to the underlying wafer (e.g., FIG 35).

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a schematic illustration of a multilayer structure on a substrate. B is

a close-up view of a functional and release layer configuration.

[0038] FIG. 2A illustrates release by removal of a sacrificial layer and masking
structures. FIG. 2B is a flow-chart that summarizes steps involved in a process to
release FMEDs using an encapsulating mask layer. FIG. 2C is an example of a
substrate for release of FMEDs for Metal-Semiconductor Field Effect Transistors
(MESFETS).
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Renoving the sacrificial l|layer provides a neans for
renmovi ng or transferring sem conductor elenents while
wo b@sfpassT on of sem conductor physi cal |y connerCEUS1007/079070
the underlying wafer remains.[0035] Fbterogeneous
nch h
[00391 Pf(&s rlﬂg?r(tganﬁls m/(g gﬁaereﬁtaérc%he%fést 1;(])2“5 ﬁrcaitllﬂ |e%§é :Sé’gfe'rs from a
multlftamdn strsichune hAr s dimattaseeusmeeheo G oatwb bf mcmetreleatseﬂa?yws B.is

remolalial rplbasS FAkSTe pae atatdine oMy TiiGurts fofarifg warious

funct@ﬁﬁ] I‘é?él‘?su('étg?r ftﬁicﬁaﬁé]trﬁa@ri%lspéléﬁ%té Br B@\ﬂcéé/ §FMEDS%d release
advan het er ogeneous anchori ng conpar ed

Iayeraarﬁ)g@veiﬁ@bmamxﬁnom E 2represluces mwctl@m@m@yeﬂcomplex layered
S ies and further inprovenent to the
rec'pgﬁf‘%‘e‘{’?@g‘ E?g e waf er footprint. In the
het er ogeneous strategy enbodi nent, a wafer is
[004Q]r oVFI&R 4 istdhBlowadhart dfyezeabead RMIEDS dorsptaatovoltdied by a “multiple-
| ayer, sem conductor elenments are defined, and
Iayer%@i/-@rttsg%n@@@@S%Wéthcﬂpt@nah@w%e af sURRLRSR; t ed t hat

anchor sem conductor regions. In an aspect, the anchor

[0041(]S arfe s ®la ﬂ&h%Ha?t' relédé‘éfbfq:ﬁ\/IED@*TSF Bﬁ(ﬁt%\/él'{aleé b§' ‘Dhe-layer-at-a-

[1con nitrid her materi al has degre
time” gpirocéssi wlith pph@rpﬂihiemsefofambbtﬁaimg and resisting a
lift-off force that is not sirrilarlyresisted by

rooalor” 8% ¥ SRR s o s o R hRRRel 4 R P are A

illustrbfest the oveasr bavicads W@’bvfﬂé@setrf @ieﬁ*nplBQﬁIB/ﬁPudlﬁre for the release of
sacrificial layer provides a means for renoving

FMER® SordHelPe 8y laghr aiiation. | € ig ﬂ@WaFrli@lﬁb‘i'léﬂmaélélnﬁr@“er eiegeRs for release
of F%ﬂgexaﬁ?é Byﬁ&%r%i fon such as by contact transfer,

n ano enbodi nent, for a nulti-Iayer
system the anchor prow des anchori ng of a top |ayer
[0043]0 aﬁIGJ.rmIemrInyriangeseelieaeedbvdntnodlhcaty@a crétk et amintedbge between

FMEDS pof 66 Siather SiibRsaas arnyer PulBodhe ATEnS e iiae e mother
substPRE! @RISR AR A s%hbffd‘b%a?ﬁ% Ple ¢¥REE ﬁflll@strates the overall

sacr|f|C|aI [ ayer, functional layer, and rel ease
procedssy €8 js @ﬂown;haréwmrrtamzwg a prqdessdort reieaspeoidr E®'s for LEDs by

prondg RS e il S heta B Png <y ot e Aro”

useful for making a plurality of transferable

[0044jem EIB\BIStmmeRizegeslcase asingeh caerffioh Uyahtrﬁducmg a crack at an
el ectroni c_devi ces or device conponents from.the

interfage hegean i MEDsaRG rudoiheraubsisatesangiianpyiirg aeprMePs away
from ﬂ:q F]r A onl}% [Aomﬁgt%atﬁk%e $v rSaII 885@%&90w8e§ an example of a

ayer s ur e on
structdre for the release of FMEDs by propagatlng a crack. Cis flow- chart summarizing

one process for release of FMEDs (array of SWNTs) using a carrier film and the
separation of a crack introduced mechanically.

[0045] FIG. 9 illustrates a repeatable cycle combining simultaneous release of two or
more release layers and reuseable use of the mother substrate. In this example, FMED
layers and sacrificial layers are prepared on a mother substrate, FMEDs are fabricated,
the sacrificial layers removed to release the FMEDs, and the process is repeated. A
illustrates the overall process. Flow-chart of a corresponding process are provided in
FIGs 4-5.
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a close-up view of a functional and rel ease |ayer
configuration. [0038] FIG 2A illustrates rel ease by
wo e0wwads3pf a sacrificial |ayer and maski ng stPODUS208%079070
FIG 2B is a flowchart that sumrari zes steps invol ved
[0046)" 3FIB.ORPRS SR EEHLATEIAISTES #'SLBGAB 1GNEARN & [ N9
sk l'ay 'S an exarrpeo a substrate for
pOlyCI’)Gt@lhlS@'&UfOFEW]BFWD NVittartial Sdoryi scednemwetremolvabbﬂsaﬁﬂnexaﬂ layers,

Tr t SFE t ts t
showj g L Adhd ﬁ@ge%@)ﬁ’fﬁ%g@ fifiigl PUPkee | ayers i rom a
mul ti-layer structure: A is sinultaneous renoval of

[0047]WO PIG."PY 8 4 str@atEfe layestion & a bebsteate et FROIED RIrRevE by
'ayers one-at-at-tinme. Miulti-layer structures

propagstingieneheically siodugadrattal | ayers (e.g., functional
mat er i aIs el ements or devices (FMEDs)) and rel ease

[0044_]aye |spJ 9?60‘3@9 ﬂb 71]1:'( foT%Fel@aé@Bf Qt‘ﬁ &?f‘g)e%hﬁ?r r,Polycrystalline

unc [ ona er co yered recip
FMEDBIsGuctkes b@@é@]]ovgl(ﬁsafbruﬂ&aalafybm/v- chart of rel ease of
FMEDs for phot ovol tai cs by a "multipl el ayers-

roces i on re-use of . substrate.
rooadloaic. Ha RS 5Eh of snbeh dfndsats Jucorrs waiénath
|IIustrQﬂ|ﬁ’g§ W&Haﬁikéﬁorbﬁnd %ﬁshﬁé@%n I%)tss (}) a8 s@l%@%SFFS BYs i plot of the
optional re-use of substrate. 6 sunmari zes

theoratieal difmit @fsmiaractﬂllatamfurmt@e @mrrdoeﬁ qfalrtszt\IQGSJ &ys9 plofted are

valuelyAc e 7o G Sieflahy BoBEER o e RRBY . PRaf RO anc

Kurtzl asigh Eciahep Multfuhétidi Svtat Tls” MRBTBUIIZ3RA3012007).
process for rel ease of FI\/EDs for LEDs by | aser

abl at | 0043] FIG summari zes rel ease by
[005Q] ¢ rB'«ﬁrd"n U%tr%tﬁﬁé'katd@tt'ﬁﬁ aN& @4 f%@@éh%@ﬁowﬂé&h'shdlua“ty

deV|c%h?rdF{'?thl|é\%DE?ﬁ|§r%'h§ Iﬁ]ﬂ cﬁc?ﬁ@o%ldéll'%%mtrg d UA%KIRS Bull.

rom using a ru st ahp
32:2300(2008pagat e t he crack Aillustrates the overall
process. Bis a flowchart sunmarizing a process for

10051 ik CRist) mEzRR o PrRRERteS OB B KSR fgyips deft and

relatdcB$tARIEreUFigRe) (ﬁoﬁrﬁTék@rﬁofd &I OV I efFidiéhtan CafEaAl tandem
an interface betwee and the nother substrate

solar galist Avem FIus. LﬁtjeltShEO 38/EI(5$9%XMy fromthe nother

substrate. Aillustrates the overall process. B

[005@ [ﬁ@s‘lbai% a8 gtlcplllugtrac‘t 8@%@ ?Ha/e'f %ﬁu?@r@?&epr%iding low-

y propagati crac
cost Isighyperiormagce solar ceII Iayers

[0053] FIG. 17 is a schematic illustration of steps for transfer printing, one layer at a
time, organized arrays of silicon micro-/nanoribbons from multilayer stacks created on
the surface of a silicon wafer. The arrays of ribbons can be printed onto a wide range of
substrates, including flexible plastics as illustrated here. The dashed boxes on the left
illustrate the zoomed regions that appear on the right

[0054] FIG. 18 is scanning electron micrographs of a Si (111) wafer (top panels)
supporting a multilayer stack of ribbons (top panel). The bottom panel are SEM of
ribbons with the inset an optical photograph (scale bar 2 mm).
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one process for release of FMEDs (array of SWNTs)
using a carrier filmand the separation of a crack

w0 niososssed nechanically. [0045] FIG 9 ill ustPrer/@s20a7/079070
repeat abl e cycl e conbi ni ng sinul taneous rel ease of two

[0051@Ir PIG. fgeiseé@@r}]érﬁé{t‘?é ﬁué?‘&udrﬁ?‘g%ﬁ%lerd&%eﬁ‘ fLR&idH fers by

bstrate I's exa 'ayers an
partiad aemoﬂaloofablelaagéayerar(mqﬁrﬂemtag@rs))n savemt taéeamllasemtea time (see
t he sacri

also I{__:%E%)ar fa Isﬁe,?}tg%gf ertedy{o g5 e gcqug eé%Vécrdqesgr%mgin tethered to

the shibdtkité rafl’tb?%é REeSEEhgbls Heqonasl Iy feln@yVreeh aF ill I‘éﬂeée or separatlon of
cor r espondi nt%w_:, rocesS are provided in FIG 4-5

the deyices oocurs va iroemayal, |fomgxarapheo Ay cﬁﬂacwrgméethaﬂ@g fs pctures

and rEEleG3F 0 AP SarbPr AT SR ar e FBRE ot Epbobiho tne

anch@nr@ibﬁruétam togsrepBie the(stbsaate for ¢e-alepbaitionhf mdIflaydr stacks.
11 is a structure illustration of a substrate for

EMED_r enpval a%atl ng a chemcally introduced

[005€]); ackIG [4bise Sé]@atifz veirafiqs efeariiak neisaserriiungtiagna jayers by

f
partid FuR8YE & o RS RS (AL EPL B PReSY B gjme (see also
FIG. 8By Théﬂeleasa |$]reiQMe®ﬁo apdpantial’ becaaske druieeasemain tethered to the

substﬁ*qﬂgr@‘ orggé) Eq:{gg%%e ys ! grelst%)érgg ’ ?etr‘ea?qé h ﬂlrlrgellég%t Igr? Q%c?aratlon of the
dewch%abBéﬁé 8bbh aheit ké‘f’nbvé?f fo?‘é'x@l‘n;ﬁ@' Hysfréétuﬁb BﬂtQﬂ'ﬁérﬁ’@ §tf'uctures and

junctions. Al so pl otted are val ues achi éved
retrlebal ualrm aeed:asgt@mar stamap pol g figgteadlso putlineisdhe sterssof removing the

From D mroth and Kurtz, "Hi fficiency, Mu tijunction
ancndlifebedh s oREeRl 1o sy el iR pEaphel e s H time
releasé Ek@defséf &5 hAEG. |3E)tdn@et04ﬂ6p§rléf th@rgubgﬁbt‘ehﬁoﬁge-@é%md@n of multi-

gquality device. From"H gh Efficiency

|ayerﬁtﬁ(tkisj unction Solar Cells' G nroth and Kurtz, MRS Bull .
32:230 (2007). [0051] FIG 15 sunmmarizes t he

[0057ﬂr oPe(d | #pisY @rﬂarﬁ%‘t@cl @ﬁ?‘t;?a%fr}{ Ier’é'lé%%e(c%fefﬂ{wétlcﬁ%‘elaryers using

el ated structure anot 0
Iatera’B@%msﬁtbps ioe ahcho@aPp &stdhyt ramtnmngssémrabmlléaﬁe IApers (sacrificial

Let ers 70:381 1997) 0052
'aye@c)égﬁé'(”% 566 q/s¢ :Fi‘tg é‘g’r) ?qﬁ% rélﬁ?%? 13 %%}%rrre&tq a8t Qﬁré'a¥ Kecause
devucFé QYA thENB S thd ‘slBﬂP&éf\/Rﬁ ﬂ%nl‘é?erﬁpét%h St d/an @RI posts after
0053] FIG 17 1s a schematic 1llustration of steps
the release lagats aie nemaveidnd; ulloietedsey@rsepiaration of the devices happens upon
their removal, for example, by fracture of tethering structures and retrieval using an
elastomer stamp. This figure also outlines the steps of removing the lateral etch

stops/anchoring posts to prepare the substrate for re-deposition of multi-layer stacks.

[0058] FIG. 22 is a schematic illustration of partial release of functional layers using
lateral etch stops or anchoring posts by removing one release layer (sacrificial layer), at
a time (see also FIG. 3B). The release is referred to as “partial” because devices
remain tethered to the substrate via the lateral etch stops/anchoring posts after the
release layers are removed. Full release or separation of the devices happens upon
their removal, for example, by fracture of tethering structures and retrieval using an
elastomer stamp. This figure also outlines the steps of removing the lateral etch
stops/anchoring posts for repeating the “one-layer-at-a-time release process” (as in FIG.

3B) and to prepare the substrate for re-deposition of multi-layer stacks.
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time, organized arrays of silicon mcro-/nanoribbons
frommultilayer stacks created on the surface of a
walososssnaf er. The arrays of ribbons can be pPETYUEZH07/079070
onto a wide range of substrates, including flexible
| asgj el ROXEA
(o054l 25FIGP75, 4 bt oA o daRee 1RRKAEnOY ffgiona
layers inthtarftiogtedipn Iar(actlmtlorslasemaﬁterghey bave @eemuam@tya]et&ased via a

proce gy et s et in 2B o Furaifon e tuBetioievers, ofer

self- d%@éﬁl'bléﬁ ﬁloﬁgMy@Fs (smeg%ewé %) bﬂé‘%ehf‘é@lﬁe%h peiWeEeH released layers
phot ograph (scale b FIG 19 is a

and usgledyangi layers| (estistictiam Qrfto @a@mptﬂ ad@e&m aaiivation) between the

retear el Ve Bhor e SelBal i IR StormbS, EipaiE diotogical

ent|t|é§%Q(;§i| so FIG 3A). The release is referred to as
partial" because devices remain tethered to the
substrate after the rel ease I?%ers are partiall

[006Q]e pbket. 24x if|ustraigsa peniad WEpHIMLESS of pﬂ&?é'cdéRhec'égD epilayer
struct%?&ll{fo%s‘lﬁ‘ldﬂ?loh% FoViGE® ¥edhe 1ER Y S;{‘”’Pllwése PEDE@E%HB@/nOéS being

her struc ures and retri usi ng an asto
capalsieanfpeleAbs drooublwated baut @ot froensa sfecketl coafiguiatignt Adese LEDS,

nonelg 25 e IeHER 13 B BRALE soRfodiibabit firkfss e
a schematic illustration of partial rel ease of

[ooefguncn@@d is| RYEHemAtic Nast-atrdn 615§f§‘95§|forqfébﬁ@étﬁ@5lﬁ1|k@M@hﬁtles of
sacrificial layer), one release |layer at a tine Esee

Slngl%rp%tailsmcoeBmlcrorﬁtaménbéaaé, ingnulgtayet sidcked genfigiaetipas, from a

convetfEER Bk ) G8E Enf ot bt BORRINGH Faflol Ghecialzec

etchity pARieausdd t@’g@fertateetr@mhesamtma@mpm sigewalid)&hallow angle
renmpval , for exanp by fracture of tetherin

directignal ehysies! \éﬁﬂ?rwnppﬁ@oal and PAIFOHAPE %@&W'Cge%tﬁﬁ'ng The dashed
boxeg Bh%hé 'I@Pflﬁg%t%%@%b%reé%s%?ﬁﬁpﬁ FGTRE tt OE stands for

Ing structures to pré€pare Dstrate.
buﬁer&xmadeleg:rtdm one-| ayer-at-a-tinme rel ease process
(as in FIG 3B) and to prepare the substrate for

1006315 SFRERE i 509 Mstorhnirit SheTA it oot sRTaalss Sgi 1) Water in
anglede(%Cb' engy ar{ditz’r%rs§ s'é%h@r@al'(@t &/ h) oletl3 eﬁt\%‘%ugrstages of fabrication of
anchor i ng gosts renoving several release Eyers

multilegercstacke Paribbenser (@ and) after vestical edching §GHRIE) saproduce

wenclieg WiB FRRLFReh Bl £elbEid  fer LRkt Anal §FEEapor depositon

of mdt@ltraagkmguas}erﬁ(@ﬂﬁf@g%hwaffw dresttropid et chéidat bRmsRy (KOH) for

| ayers are renoved rel ease or separation of the
2 mm@ﬁ%&) ansipp NG (@B N feliawadbhyeinovalgy tes spele, by

fracture of tethering structures and retrieval using
[0065]" FIG. 27 is (a) a photograph and (b and c) optical micrographs of Si(111)

ribbons after release from the wafer. (d-f) Scanning electron micrographs of the ribbons

shown in (a) at various levels of magnification.

[0064] FIG. 28 is (a) a photograph of a large, aligned array of a four-layer stack of
Si(111) ribbons. (b and c) Top view and (d and e) angled view of scanning electron
micrographs of the sample shown in (a). The anchor structures at the ends of the

ribbons leaves them attached to the underlying wafer, in a manner that preserves their
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el astonmer stanp. This figure also outlines the steps
of renoving the lateral etch stops/anchoring posts to
wWEe@pasa3t he substrate for re-deposition of nuPCT/AUBZEYEO79070
stacks. [0058] FIG 22 is a schematic illustration of
u

ithogRRae Al A RENTlorty BEeh AL UIGPIRLS BT CorBleRiF Lnderout by the
anisotraperettbat i ficial layer), at a tine (see also FIG

3B). The release is referred to as "partial" because

rooesicy o F . e AR ol Ead ST Fh ol Faftaies grinted onto a
substraeafpoRf(inietAPsiskarfay! I(by Alopdie foree rﬁie&mabeqmagé atrfdellne scan
devi ces "happens upon their renmoval, for exanple

from fquagibhipes §om thenairanghewn i {ak d2hataarapstefi aeﬂ%zﬂblesw)gester film
that S%EBQSHQ?(% a?ét%gg%}tﬁﬂ—e% féfl(gﬂ )er on> r?éé} %@gﬁcedﬁé four cycles of

transmstrmtuﬁ@msrr@meamlgngprtd@essw& brauper at a-tine rel ease
process (as in FIG 3B) and to prepare the substrate

f I ti- | k 059] FIG 2
(006615 s aihg: bk SPfe el artes saionaL Bera L8 nsilat uses
S|I|coﬁfr|bBHH§tf(%rocﬂélselr’r%@rﬁ&d%rt r‘(bZ@éﬂtlcﬁF t‘n‘k{rb@ WtoBQ/'ié\A‘/ Bt b%wce (c)

| ayers after they have b arti al eased Vi a
Transjeome agidnd]) £urll q;wremb/oltags chat&ﬁems’mcerﬁ@m aaypmaledewce
anti-stiction or activation layers, often

100673 oE 5 Lt PRt S8R RIS raRER b AT ST TR

conditigns andtsilRlonatinopibbbAs MitdraHierend eckzséact i vat i on)
betvveen the rel eased | ayers and a second materi al

ée. | ast oner st anps, nan()JJartl cl es, bi ol ogi cal
[006&]¢ | F!Qeé’z @%Q,Wé theg eje0] ofrghgdowing MagkteaBgles faf eleckrgn beam
filmiLEDs on plastic. The iLED epilayer
evap&%‘tlggt ural configuration is provided in the |eft
figure. These LEDs are shown as bei ng capabl e of
[0069]el eBKR®: 33X smowes aafEDAX lemergrodispemineaspacirdsedpy (EDS) study.
configuration. These LEDs, however, are optionally

oo SRS D TR B, 7 0 ocl 05ed

steps for fabricating bulk quantities of

[007Hi NOFK5.35/istpbcidrhatioilusirgtion 6Manshiopde rsleasdusing patterned
mul til ayer stacked configurations, froma conventi onal

sacrifigilisteciures1) wafer. The process exploits the conbi ned
use of specialized etching procedures to generate

[0072&!‘9”%?33 st esékﬂrﬁ;ﬁle%f%@%\g%és% of Fia! hﬁ J?éa?la'/% s released from

i rectional physical vapor osition, ni sotrop
PECWRtSiIOheni cal etching. The dashed boxes on the left
illustrate the zooned regi ons that appear on the

[007&]I ghIEIG.Boqursotv? e%SSIf:'IQIr mba%fefsedf%dma fléjyeerettruc%re ‘made of seven GaAs

layers (each 200 nm thick) separated by Aly 9Gag 1As layers (each 100 nm thick) ready

for release. A is a perspective view (scale bar 20 um) and B is a front view (scale bar 2

pm).

[0074] FIG. 38 is a photomicrograph of the seven layers of GaAs from FIG. 37
retrieved onto PDMS stamps (labeled 1-7) after simultaneous release of the seven
GaAs layers. A clean donor chip without any layers is labeled “donor chip.” The stamp
labeled “8” shows that no significant GaAs structures remain on the donor chip.
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[0062] FIG 26 is a series of scanning el ectron

m crographs of a Si(1 11) wafer in angled (a, c, e, Q)
W@r@sose3s- sectional (b, d, f , h) views at varPCDUS2007/079070

st ages of fabrication of nultilayer stacks of ribbons:

a a I. . .
[007E§]reng es VVI té] Egﬁséelclﬁl %Pg%%ﬁég;@a%‘@gﬁdrgz%x?dglfa{é’%dﬁmdﬁﬁa multiayer
donossiabhdtraie aregh é’[ﬂ%&sﬂtamp. vidyeoscadie pass ini AandfB aeg AlImm and 50 pym,

sking layers; (e through h) after anisotropic wet
respegﬁ fWcal etching (KOH) for 2 nin (e and f) and 5 min

(g and h) followed by renoval of the netal. [0063]

FIG 27 is (a) a photograph and (b and c) opti cal

m crogr aphsDETARLED DESCRIPDION GF THIE INVENTIONr om t he

waf er (d-f) Scanning electron mcrographs of the

[0078]i bbReferﬁh@Wthe’wawm@é nkerrium@alsemeicetealfke elements and the same
magni fication. [0064] FIG 28 is a phot ograph

numheseHeeaEng ghewre thasy ore déﬁW'Berefeé%éfP the sayRe Glersp(ty Imle)ddltlon
hereifih 81 {oﬂoﬁ‘/!}fbe&%ﬂnﬁ‘?&qs"é and (d and e) angled view

scanni ng ron m crographs of the sanple shown
|n (a). The anchor structures at the ends of the
[0077#]i bbBimansfeeatds” ¢M©nmtstbieicdtrewsted mteaechm@dbw agd veldis, to
ner that preserv rliitho

matellaglfs, QH'E?S? gpglﬁg COGNRAN % § @pgfp g&;egr Egtﬁonalydewces that are
capaGI@@'tr%tn%\‘éf 5§%E?ﬁ5lyt p?tYerh Pgasrﬂilﬁgl%ln%/cﬁilﬁ Pétm 8963r into

29 Is I cal ges” of i gned S
substratbbohﬂgan eabotlEnemnt; tranef@rahdeqse@rs tmthercate;:tdxfansfer of a structure or

elemib iR ol UbT el bR et PindlteiFtusncds Fol FRaRGRRTer structure
to a dEVRENsUbStiate or Bhiel/Rer edbrddorfert lsespbHed B9|a\’@é\h@é stibstrate.

that supports four separate patches of Si(1 11) ribbon
Alterngtivelys tnensteuialele refers sup stpetuse asfelernanisthat ispprinied nig an

Y e e Lo L
subsédquaintlytesmstersithostructupo os efemieritite as@em@@edbsttaie of &) component

Opt i cal mcro%ra ph top view of a device (c) Transfer
that ig gp\Aedeiiee gabstralel |%@Fr%ﬁ??d)mqn&gtée@ﬁ@t'agP@PP@W'&ON exposure of

e SLESE MR RIn AR08 (P08 Bl Gurdo o SIED S about 400
degremsdCalslusg.oim oa@emmiohment/\btttIlecbrés‘,mtemerttlmnc bne%or transferable
2.shows the exte of shadow n

matelols| SEeS JeisE BB S AL T T UEBIE Pl GEng, assembly,
patteﬁhﬁﬁ"%r@ﬁm% r?d?SF WeAgjr bAtd/&r ﬁ&?%ﬁé}lﬁﬁé’@%a(mon printing or

[ 007 a series /-1 ayered
dry tran@bonsntact prlntlng Slmllarly, ‘printing” is used broadly to refer to the transfer,
assembly, patterning, organizing and/or integrating onto or into substrates, such as a
substrate that functions as a stamp or a substrate that is itself a target (e.g., device)
substrate. Such a direct transfer printing provides low-cost and relatively simple
repeated transfer of a functional top-layer of a multilayer structure to a device substrate.
This achieves blanket transfer from, for example, a wafer to a target substrate without
the need for a separate stamp substrate. “Target substrate” is used broadly to refer to
the desired final substrate that will support the transferred structure. In an embodiment,
the target substrate is a device substrate. In an embodiment, the target substrate is a

device component or element that is itself supported by a substrate.
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[0071] FIG 35 is a schematic illustration of anchored
rel ease using patterned sacrificial structures. [0072]

wWO-R@3/03B37 s one exanpl e of the process of FlI G PGBHUSLIET/E9070
Au is released fromPECVD Si Ox. [0073] FIG 37

[007@;3;‘?@%@%\6% KBgfcorRfucthrBibhiehay of (il biesEHE ﬁw%ﬁﬁ@n g{)rcr)]prise

ayers (each 200 nmthick) separate
semi@Baciokstiuaiees tatearh abldtobe Bhsekpladeatty/of integratesbemo substrate

surages, o SRR RN R (aHEc st g BRI sl gfiftidh methods.
In on%'%%bﬁﬂir%@ﬂgrtl%Wéfé?fabFehéérﬁi%ﬁ@uétéVSFeﬁnéﬁts Ghie gﬂf‘e?gpﬁh@ention are

. retrieved onto PDMS stanps (| abeled 1-7) af .
unitaryi single angsiakbine epelyeysisllinener mirecrysiaiinel ingganic seiceaductor

struch B0 PERl pheRA o EPeseBNESE BtV S B SR Eihic etoment
havingtfedires et eapidthanidallg ceanectedhigerhiedr@lictbt Slendshts of the
shows opti cal |ma%es of the GaAs | ayers exfoliated

presenyt ghieatinnIntay by endapader §aped raey have aaspemsdspalp! distribution of

dopafsZarkefef e ionsft BV WALBEF e BROpeE FRlsels pucing P and

N typgamg)p@hté?é‘ll’rje{(psrbetlgnt invérht&ardigakuﬁegsnicfdskw;:bnuea transferable
.indjcate |like elenents and the same nunber appearin
Semigan ?Cg QRN A GG oGSt %?‘%P?Stsée(qt@”é'a‘#@eé‘ISWte.%ter than or

I . i . et
equalatgprﬁgf:yt [1Orgf7<‘:r7?rli‘§h8 n2RAbLRL tluéétﬁtréﬁéfb%lé‘ggﬁgédrfﬂuﬂd?@e ents

"Transfera or "printa are use
havingratdeasiamgeabsy secitbnat danession |east tban air equst towrtiaut dsmicron.

evi ce components and/or in rated functj.onal devices
TranglRET s e TR0 ST SO PR HSBI B LT HANP CLPTe PATRYSES Slements
derivéd GaR Zbpdond/ppscdS3irRpbERRiIGR BUARL BuIRMAtBHAIsS YREH BahRfh purity
In an enbodi ment, transferable refers to the direct
crystalling se@icapdugtoswaletsugenasatesl using conyeionae highbsmpgrature

rocss B RABLDR BT B BTGP B 05 EhBbr clemets of n

presePR IRRMEoH coHitPREtimbusie stridieesHigiig &seémiconductor operational
Al ternativel transferable refers to a structure or

Y, N ,
connetieada et taast one agditivnabidgyiee SAMPRNENHRUSIEHEURLBYER 86&
' f ¥ .
cond B R7e s S LS Eer, A g SRR stqugpge or any
combaratieinesfethésé.olreoneembedinbst, trahsfevable seompomauttor élements of the
preselrg& iiq%{c‘elnﬁag%ﬁ§%€§?€%&?ﬁtbﬁg§%&g€§@%&b&délgreﬁgtnfs érpde/or heterogeneous

semiconductor elements.

[0079] “Functional layer” refers to a layer capable of incorporation into a device or
device component and that provides at least partial functionality to that device or device
component. Depending on the particular device or device component, functional layer
has a broad range of compositions. For example, a device that is a solar array can be
made from a starting functional layer of IlI-V micro solar cells, including a functional
layer that is itself made up a plurality of distinct layers as provided herein. Release and
subsequent printing of such layers provides the basis for constructing a photovoltaic
device or device component. In contrast, a functional layer for incorporation into
electronics (MESFETSs), LEDs, or optical systems may have a different layering
configuration and/or compositions. Accordingly, the specific functional layer
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the substrate to high tenperatures (i.e. at
tenperatures |l ess than or equal to about 400 degrees
w@eiosioss37 | n one enbodi nent of the present i nRENUSZINT/079070
printable or transferable materials, elenents, device
incorﬁ@r’éPérH:F'l% PR ItAS)Er &ERucRIrE depeAll %ngﬁetﬂh%f‘éé\ﬁée or device
assenbly, patterning, organizing and/or i1ntegrating
componeot orwiich dhe fsttioadklayer willsed incogporprednt i ng or dry
transfer contact printing. Simlarly, "printing" is
sed..broadly to refer. to the transfer, .ass Ly,
1008413 PR Pl RPN A ared R g e ML YS FefPR g 2 laver
that & Y&t pakRfly stpahatas oreOHIROAf AR |Ayerst iNORSeaR® layer is capable
stanp or a substrate that is itself a target .(e.g., .
of beingveawved Assrrewding shehmeaasfectaciitating sapasation phige functional
. . : ol
over R bi1EF s e ARLLFLE LY ALY SUBR 5 tCRTOhEde over na
physisaliyséparatdson aesisongeetosal psysiedietheftias chehieaemaidranket
transfer from for exanple, a wafer to a target
electrgmagnelicstimuiaian. ferexanarlg- rAncordinglyatng actdaligipase layer
I " I "o - hr . .
compRS P8 Sl s THAEh 1R Rpec B Rl RSt Pwlbrovidea
Mearntsrfansépanadidg $¢ byanyoae drrmare sepavdiimg meanshaowar igehe art, such as
. substrate is a device substrate. |In an enbodi negt, .the .
by InEHRGe 1A s Sf i rEierss PARRRCH tondRISREe GV A Ae! Fetpain
connédetl t§ 8l finStiRP 1dyee, brPas HRGHEtRINGI I298Y flat remains attached to the
"Transferabl e sem conductor el enents” of the present
remaining:poition af dhe muidayenstomidiec voa fonetionalifayer thettis seearated from
h able.to br% as§gqrrbl eﬂ. and/gr itnt egf, at e ontlo subst r.at g
@ e[l PAIROMPE PT DA Y PP a1 oeIqe 2K 5raRReN ALY
subs@quélrﬁl? sePardte@mnardrire ity etEtdm dise fUrttions! 1agé&odi ment
transferabl e sem conduct or el enents of the present

invention are unitary sj,ngrl e crystalline,
[0081])o| yTupPOsterityed SHDFH &IEOEFT9%Y Q18 PiHECHFRDIFAM Rresent at least

partialesrag‘r:é’ Qgy&tH&E S?J'i‘l"aiﬁgtolr”p‘?é%er{t%t fdlst Péﬂa%lﬁo)gr?oﬁet %lihligl%re intermediate

iptron, a unitary structure
structerespositibmed bgtvesat theestruchate andetheestitatrateaslinface. The term

) ted. Seni conduct | ts of the t .
SUPRORIREIRY & 3L RBYA o MAYCRIBRdeSF [iaicurenpartialon Wy embedped in a

substpp@t i al distribution of dopants and nmay be doped with
a plurality of different dopant materials, including P
and N type dopants. The present invention includes

[008221 c_r‘&?ﬂlﬂttimlt piiRNg” i ideraeghiosr ei@’rtbdllmd@ﬁﬂe@r\/_\/@réh’EWQ or more
rol i R e A SR BEE e R QB3N s crier

medilimadtif @&lpered Feaicenoshisd ATandke eséiecleaMiegnitofleqidstrate surface.
one cross sectional dinmension |ess than or equal to

In an gxgOtrlaryrRotytion. printingshetnast, delvary o stiueiuses 1 soleeled regions of a
f A : I ' i '
subs{SEHecE BRHCPETTREENS (ARG ASHISRED) eRolitoy
and/omgdhgsical sharautehistiss bf thle suinsiraie surface undergoing patterning. Solution
printing methods useable in the present invention include, but are not limited to, ink jet

printing, thermal transfer printing, and capillary action printing.

[0083] Useful contact printing methods for assembling, organizing and/or integrating
transferable semiconductor elements in the present methods include dry transfer
contact printing, microcontact or nanocontact printing, microtransfer or nanotransfer

printing and self assembly assisted printing. Use of contact printing is beneficial in the
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crystalline sem conductor wafers generated using
conventional high tenperature processing techni ques.
WO poosfsssenbodi ment, transferabl e sem conduct or PET/ERBNT/B79070
of the present invention conprise conposite structures
presé%ﬁ‘YMé@mtuén%%ggﬁé’é‘%qﬂbﬁﬁ FRBAHY ARG integPBRIGS ;Bleraﬁ&y of
| east one additional device conponen or structure
transfenatile senscoeniat inrsplédge oriediatibas tandgdsitices, relative to each other.

el.ectr.ode, .addi tiopal s nduct or e or an
Contgesiiag o i eCpresrab Bve o AROHEb RS Sfectibidsry, Batambly and
mtegl%ﬂc’lﬂh‘a?'@mé?é@ bla%b@%f‘hfaté’ﬁ als BAd F?Jt@r‘éﬁﬂbs ' |Hl°5l%ﬂirigoébmlconductors
onprise stretchabl e sen conductor el enents and/ or

(e.9. hmrgﬁag‘es&w@@n@eﬁp@oﬁm ofystalinraepicandozgrs, organic

semisRBEK BB RnarierBys el PieiBes BT BouRtor, Gontact
printihdéletho @y bfige Eresestanvemrt optionaunp @Pd)\ﬂ@@highrvprte@ididiﬂtegistered
devi ce or device conmponent. Depending on t

transf?&@ﬁﬂ(ﬁﬁsﬁm%of rangeraple 56@'%’1%@?@& emepiscinisasglected positions
and s'g%ﬁglrorfaﬁ?ﬁor%r QiveABHnH Cdr rﬁBF@Sév&%%ﬁggg@ﬂsﬁ%@E@ t&rned on a

a solar array can
devic_etwbtstra@ f(Donﬂacbpamtudgam@rls@toﬂnwetfolmmtmasmdalraw@ bBsubstrate

in a funct] | layer that is itself ma up a .
typesp!“lﬁ“&?”@ ogyenjlogig HQ% U SFe i SPPVAIGE FURR ASi asse% ceramics

and rﬁ@t'a%a BdHL sﬁéw pRy4iBA( 4HY ﬁ%cﬁé’ﬁlg | pﬂ%@é\s’ues attractive for

provi es t constructing a
specifieapplcationdesideas fapblecsubstiates; dendabte, substnates, |sbaaeable

I erfrln r on| to el.ectronics SEET L
substy @S, cqtonafiiBshetedmidlads e iotiERpRLbl, Gagh pripting
asseﬁ]@wfmlcﬁr%&ér@!a@é@%%n@ee%egtmcwés isArRbations | figr ekdYBple, with low

specific functi Onalﬁ@ssjé\@gl ncorporated into the

tempenatyriel prpeessing (&-gu raf€£apial thd98Khal hig@llribetepallows the

prese%ﬁ@bﬁg%l S%%?‘Hg %B%%%@%té@@sf g;y%?ér%{é J&f n%@éﬁ@té'waterpaqs

|nclud|ﬂ§ mcswlthtaOd@@omg@@é bf deg’del @yegh )emgé@metws@cH &y poblymer and
at least partially separates one or

pms“ﬁ@lﬁ'@ﬁ“@ﬁl QW@F@”WK‘”@GW%@ ?ﬁ?@mbWSa%b‘mr@t'@'F opdevige
elemé8hy § ooden%?‘le‘é'hﬂbgé’uﬁ €4n 'E%G\Hgalérﬂ{enﬂce?jc\h% 'Idv@EPQQand high-
e I ayers

separ a unct i ona rom ot her
throughpmﬂmlmlmgtteemmqaes ahd sgstenes, ssichlasasllig-rall pehtasend flexographic
onse to

prlntlmigqtggcpsa : @&g{%ﬂg?n%l L%‘QSH g |rpa|1’t %gjoFeféq ppgwatsﬁeéryctransfer contact
prlntlﬁgﬁe SOEh 8k '\Aﬂfh a 58im n@m&&hta@&eﬂ%ﬁéf@%ﬁ’fedlﬂ@s #oht Q'st?]mp surface to

| ease a er conposition is selected to best matc
a subtstretersmfmceoylnvan elhnbgdpsaeratt thenstaim istan glasipnulrd stkbyns

Arerieiyal BFE FrOr bin 35 FEVEG s tarct (G0 PR LBsiPEg) e
followiy esfeferlcRYeEl3@ Ed b&IF SserblyabemsiguéawdichmayiteS®dd in methods
of ther Srrcraglegt invention to transfer, assembly and interconnect transferable
semiconductor elements via contact printing and/or solution printing techniques and are
incorporated by reference in their entireties herein: (1) “Guided molecular self-assembly:
a review of recent efforts”, Jiyun C Huie Smart Mater. Struct. (2003) 12, 264-271; (2)
“Large-Scale Hierarchical Organization of Nanowire Arrays for Integrated
Nanosystems”, Whang, D.; Jin, S.; Wu, Y.; Lieber, C. M. Nano Lett. (2003) 3(9), 1255-
1259; (3) “Directed Assembly of One-Dimensional Nanostructures into Functional

Networks”, Yu Huang, Xiangfeng Duan, Qinggiao Wei, and Charles M. Lieber, Science
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connected to a functional l|ayer, such as a functional

| ayer that remains attached to the remaining portion
wo@boosloassaul ti |l ayer structure, or a functional PEWER2007/079070

that is separated fromthe remaining portion of the

(200 §1' %@M%ﬁ?%h%ﬂ%r‘@ectﬁﬁq (ﬂa§§§€ed| L %aﬁﬁ?li@ﬁﬁ‘{e'nlfof metallic

sequent separated an remove
nanoWuast |Rm’ne|1 AJ %ly‘dh et[ab0dpp/. R&yﬁpbeﬂ e@000) a7 Qo391 401.
referstoastructurethat is present at |east

arti trate S.U a [ resent .at ast
foos4] tichiér B eBtSES Aipaterl kBl Batlip B S bta B T8Vers. The
carriep@fhirh &y Bd Paj¥esrmbttgialdusniay & nandl dMeetiledhfanting material
surface. The term supported by a substrate" may

positipaed @diasest fe fayesdhatds diegireq t@peframoyednd @@d@ﬂ”ﬁ?rnf”%lomay be a
com p%gﬁg bk ?r{eﬁerlzglgolﬁ%ﬂud n@ﬂﬂn%tp%?at%r ! cﬂtdt%%heb ﬁ? a{pcﬁﬂqgﬂc Yaterial or

photcﬁeglbt matérreﬂi,nmﬁ@feabb aft&ﬁﬁ‘idr@mdpplﬁed toetlhen’eate$|a| alfotwdes release of
persed into a _carrier pediumand delivered in
the C%‘H@@'FQ etmeigrias e e M%H'%‘@V@h@su@f‘ ag %M'PB@HGVGF for
face. In an exenplary solution printing method,
exampl;
Ivery of structures to selected regions of a
substrate surface is achieved by nmethods that are
[0085]ndefsEmdienndwdtot” Hefefrsrcqblaoy optedaldhet isghysiterdd| that is an insulator at

o verf 50 BBV R B LB
tempEFfereBlof iabban 800 Kelvie! Withe Brebenf Gedt@iptibh Mideedr the. tefrfik
jet printing, thermal transfer printing, and capillary

semieandusHOri® |lnieln¢1@d tq b gansiskast withauset eidhisgermtin i art of

mlcro{éfé(g%ﬂicrs %rﬁdeg%gﬁzlgp ’8 n%:g/&(fe%r g\g%@gﬂ?g%% ﬁ%%fuplﬁnetggﬂ%rég&t invention

may eErhpasks eienténidenticonduciorsf sucle asisiiebnpgémianigm and diamond, and
m crocontact or nanocont act Frlntlng, m crotransfer or
Commbaﬁgt%em@@réﬁucé@rsnw%aangao% f carmpeipdl pedeqngustprs such as SiC

and sgﬁ pr&g;nmb@%em. Rfch s Al %u’?@%ﬁ'ﬁ!{gﬁ'BN "Gasb, GaAs,

[ nven I on because It allows 'asse
GaN i@aléglnsbl tmxfind, phdire®,i dreupfllldf MB&@ereonductors alloys such as

AlGa o 9Pty Va SR GTBIRIOTOSHEAGE GRS CH ST erai0 2ise, Zns,
and Z?ﬁ%sgﬁuﬁ fl\’/ﬁrkte'rﬂﬂoﬁ('hiﬁo@r@@tﬁﬁr&ﬁﬁ Rﬂ—'\)f’l%etrﬁlé‘&%lﬁftors such as

asse y and integration of diverse classes of
PbS, iiler ared Sn&ntayst semwr@yctora@umd|asg°t§arMoSmaudtGﬂ&e oxide

com o 038 o R O S AP R LSS i

semicHIRITRSrS lanadl éxtidsic ‘aer‘rﬁécﬁid@%ﬁdﬂs ¢i%at a?@@o@@ﬂ%ﬂi 8hé or more selected
Contact printing nmethods of the present invention

mateggisi Bedi per@tﬂotnéuaﬁog Raping-8inerdoring Maiedalsangdnsfge doping
mater%]lgsﬁs sifaie gybéﬁeftc aﬁ“%fsefc?rroﬂ% Sroﬁgme%ourk%lfﬁlt@F aﬂl\?%ez%pﬁlcaﬂon or

préese p03|t|ons
device. The term semiconductor includes composite materials comprising a mixture of

semiconductors and/or dopants. Specific semiconductor materials useful for in some
applications of the present invention include, but are not limited to, Si, Ge, SiC, AlP,
AlAs, AISb, GaN, GaP, GaAs, GaSb, InP, InAs, GaSb, InP, InAs, InSb, ZnO, ZnSe,
ZnTe, CdS, CdSe, ZnSe, ZnTe, CdS, CdSe, CdTe, HgS, PbS, PbSe, PbTe, AlGaAs,
AllnAs, AlInP, GaAsP, GalnAs, GalnP, AlGaAsSb, AlGalnP, and GalnAsP. Porous
silicon semiconductor materials are useful for applications of the present invention in the

field of sensors and light emitting materials, such as light emitting diodes (LEDs) and
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and spatial orientations relative to one or nore
devi ce conponents prepatterned on a device substrate.
w@vsasds3printing i s also conpatible with a w BPET/D820g®079070
of substrate types, including conventional rigid or
solid §%‘i‘é efée‘ﬂé dgﬁH@rﬂésaéfes%rﬁlH&%@éorgh%% ét%%§%lémgn s, ions
S, substrates havi ng physica mechan ca
and/anrmpiecmleesatrmnthanttmefserfrmortdpletnrfmateapmi;) thatrisehses ararty dopants

oo G54 BB Pl A e S S HRRER rsont
semiS3HRRICtGH RaterigRWRth &Y Hég@&/e@@ﬁﬁﬂ%tﬁh@felédﬁtr@ﬂ&f W@Ft%s of

sem conduct or structures is COITp e, for exarrp
semig@ndwctasvnatenipls; andrlreclpdebetetew@ot(lén@ed to @egenhgarbon, and metals

mclucﬁﬁﬁ%ggy?ﬁ?lgngle vybrgg %5%%8 |h|c@§§;ngh§a rﬁoail }ed to, the group

of eleptdritt lbatwedMmbepper and lealwi the pdrvvie tabtd, CARSOMPESE AT, and all
degrade at high tenperatures such as poI ymer and

ions, ﬁpmuedgeﬁgfqr@o@@olemmﬁo printing transfer,

assenbly and integration of device elenents is al so

enefr:gi u | Lo b t
1008 e B B S APt BT Bod S Ao e elpresent
descriptmm awd rejét tat dsulostbnpe ithatiiﬁglmltydre‘shséamgoeﬂdw of eIectrlc current.

rj Cont g'
Userdlch e BRI B8, Yot Sariot di BSOSl o PROEE Qe iPz: Y205,
SisN,.28T® B8R Blt2MPMReGnbgaesTitates transfer of features

roma stanp surface to a substrate surface. In an

enbodi nent, the stanp is an el astonehc stanp

[0087]) t eiDeMice belg, eﬁelcférrtqbdrﬁﬁfreferééﬂ theefieldrestact ynqbchlltxaof an electronic

devicp 5. ot tsilf B PortfEN LBl o iRt ety B d gpresponding to

the el@@irohie desdsk.i n net hods of the present invention to
transfer, assenbly and interconnect transferable
onductor el ements via contact prjntinp

[oosdl| e mysniine iy P%éwhequweéﬂeoﬂrba thaselReRaes-syiting
exarn'r#i?-“ﬁse F&N Fé?eierﬂ]c%E Qited %trél_ﬁ%tre Prer ?rpdraﬂed)by r@;ér‘eﬁge to the

ecul ar asse a revi recent
extend inpti mc@sttthrthelMcéosurStheuewnh ( Atosygtithe désbrlb’nmn herein
e Hi erarchlgg ttO am zation.o

conta&}% g&egws%pci ? GlESr @F@S SOQH tW?&‘rﬂ‘f |IrBItInBI?Fﬁ scope of the
mvenﬁon b‘ﬂ‘ﬁl esYnerehJ %@fdln@llu%am{sooﬂ-ﬁﬁle of ﬂ\@éﬁes%@}) preferred

Di rected Assenbly One- Di nensi onal
emedaﬁe@tSerdhenre@ntlnﬂo Fran@a(tammelthuet%sme ofythetiegigion should be

deter iR oL P o5 oreh OaPhSBne e ERivETTES, BBt MO Bneyerames

givenassi st ed assenbl y and alignnent of netallic
nanow res", Peter A . Smith et al., Appl. Phys. Lett.
5{]2000) 77(9 1399-1401 . [0084] "Carrier filn refers
[008 a \HEseer thﬁﬁ%%ln\f%p@és@@é@agfé\AEQﬁ thafeansbe

incorﬂ_&%ted into a device or device component in a low-cast manner via multi-layer
processing. One example of a multilayer structure 10 having a plurality of functional
layers (FMEDs) 20 is provided in FIG. 1. Functional layers 20 are separated from
adjacent functional layers by release layer 30. The plurality of functional layers 20 and
release layers 30 are supported on substrate 40 and functional layer 20 is itself a
composite of a plurality of layers. For example, functional layer 20 may comprise IlI-V
epilayers as illustrated (e.g., p-doped GaAs top layer 21, a middle layer of low-doped
GaAs 22, and a lower layer of n-doped GaAs 23), useful in solar cells. The lowest layer
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carrier filmmay be a |layer of material, such as a
nmetal or netal -containing material positioned adjacent
W 0008/0B@yer that is desired to be renoved. ThePCHDK1087/079070
filmmay be a conposite of materials, including
t [ i r
s sulRERLRON BLELSRE 18140 i 105 ME 41 R B8 pflon ypopea
Release Iebler 3@ fagilitatesprares s s one log asarealf fuhaicnahaysirs 20 m the
ItI { i al.s f{é)lmthe underlying | ayer (such as a
mu '?M?\ ?r%‘ére yer, for exanple). [0085] "Sem conductor"”
refers to any material that is a material that is an
[oogo]ns UEﬁémgle%tofaere%Fsé byQyHfémp Rindls T &timMitinhb€hRERSs@ by etching,
reciable electrical conductivity at a tenperatures
d'SSObf“ObeU'tn'@(ﬁtke(laWrﬁneariﬁ @ftf@f’fmvé@ arbl%@bﬁﬁ@@(ﬂ gacrifigial layer or
t d Coas t
sacrlﬁ)cfl?l Igﬁerts? %'%ﬁ'% ?gr’rgln&l %xqrhéleaﬂ{e Fé?@a%eclgggﬁse)c Qgrpﬁécsgé]éctlvely

etcheain’cth&écﬂ@éd phuhedevrenewyed Ieoiaranductiraes fastef thianithe tMEDSs, and/or
resent invention my conprl se el enent sem conduct ors,

maskélgzﬁf Sleuddynes rllaijér”r‘l%)hpﬁ Ppiayed ienedectdhe FMMRRS frem exposure
to thesg QJ"s%H%PFénO\%I'%tF g‘s?esgéiééﬁan d'l%e&”ﬁﬂ@@@leas&lver(s) are removed

uctors such rou
one- &termmermhtwbcorsmeltecd;acamcmll Eky;ery\iatilesrerwd)\red sﬁmﬂltaBebusme
GAs, @GN, &P, InSb, InAs, InN, and InP, group I MV

[0091‘&?23@%% r@gﬁggeu cl thggelrg%w?lﬁjgh@\ggﬁl C sl% @y% 410 that coats

at lead0 & pofiireof HeJunatishalleh@r 207 8Uéh bs ‘bﬁblwé@rmr@ﬂu%ﬁér‘i’élf’rayer 20 and
Cu roup IV - V | sem conductors such as PbS,

releage pysh 80 |I\A9@fIay@ﬁ#&@@U@maryscqn@m%@,amaﬂdmonmaak &ﬂa such as

mas el SRR B BhHiath PR AR 400 Frc. 2

releag@day@(BOI i $d bkl sk B eostdrditiarl Riyehahd furctioppEidyer 20 a@rm\/lED having
nore selected materials, including sem conducto

two I9ygy$n iiask400anibAT A gdkeae 35 Sighds Dy pEoGSpiUAGtional layer 20
from Eﬁthgﬁ} ﬁ'{(e%nsttﬁatprrepd’d\gg %ﬂﬁ%l'aﬂ'a%r 56 etﬁfef: i )/f%ﬁmfa‘msrlﬁﬂ L& of layers

or a given application dev
20 frse subsinatecd®r FIGL2BI des floangiest that samenarides a:prqmess |fa>lggenerat|ng
ctors and/or ants.

transEeePpIE M DR ATORat BL T SEUEGIS Lag 31 sBsassuTRInG mask (see also

FIG. QB?’.' ications of the present invention include, but are
limted to, Si, G, SIC, AP AAs, ASb, GN,
&GP, GAs, GSb, InP, InAs, GSb, InP, InAs, InSb,
[00923n0, ABtrSsiurg ifTay, is agsful farsese mde SFETSHS peadiedCiieElG. 2C, where

the 1o Gpa s AL Coraaligs @ APEE SR e Yo feen 2 450 nm ik
AlGaRersensi-insulating second layer 22. The release layer 30 is a 100 nm thick
Al 96Gao 04 barrier layer capable of facilitating separation of 30 from substrate 40.

[0093] EXAMPLE 1: Release of transferable structures for photovoltaics, electronics
and LEDs.

[0094] FIG. 3A-B schematically illustrate methods and structures for simultaneous
removal of multiple release layers (FIG. 3A) and sequential layer-by-layer removal of
release layers (FIG. 3B). In FIG. 3A, a portion of the multilayer structure 10 is exposed
to etchant means, thereby forming an etched access passage 35. Passage 35 provides
simultaneous access to a plurality of release layers 30 (three, in this example). In this

manner, a plurality of transferable structures 100 are available for printing to a surface of
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silicon sem conductor materials are useful for
applications of the present invention in the field of

waemnsosas3and |ight emtting materials, such aspPCT/gk1007/079070
emtting diodes (LEDs) andsolid state | asers.

|nterés'F'F§Udhtésea°' d%(/lCé%mg%RQ%Tt @éw E6H 6hénﬁ]@r@9%@%y a substrate by

ements, i1ons and/or nol ecu es ot her
any nsmnscmw/mtmmermt 6.galligeid priveimge comtaicopririmg, ébpant s
provided to the senmiconductor material. Inpuri ties are

100935 cFid B SHTRiATass 1RuGL Fiey el RERE &lcBant appess channel
35 spanhaRey thestoptmasifusetishs | 8/er P8t S thalt Snlyad dingciuddaomaltiayer 20 is
are not limted to ox%/[gen carbon, and netals

released fQaiaviflentsansieraies uctpmg,oqrﬁrpm onersingly fusstional layer 20. If

nece%%%\)euﬂﬁctlgﬁ’gl I?yre$ oﬁagé)@ OLSrSFehtté)d b&/ %?é?@%%eﬁ}n‘fﬁ& to

€N COopper an e pe

introdting alecheset| wmearsfdr eér‘novmgSele@emb@}m§$0aﬁﬁ7{e)process is repeated
| exes thereof. [0086] "Dielectric" and "diel ectr]

for equtn%qltéq)malg,l@ @g@blay%ggyllﬁ%gpw @fnthpﬁ)tgo%e%@eﬁlcted in FIG 3, the
mothdeSMdtRld 99 o \K/ﬁlf:ﬁrmllﬁlﬂl ?e?é‘t‘?ﬁétﬁﬂ,;?o ﬁsh%%é(ﬁ Y, #ybe reused.

resistant to flow o ric current.
dielectric materials include, but are not limted to,
[00963i O2A nTadeerxf eiampleiomiﬁemuncfaoawrelﬁisa lap&Tcorrp@Jitions and

fi ef f
geon|apE Mo el fexicRe ar Foutsier syt ETs a6 Bravidal i FiG. 3C-E.

FIG. 9€\ir6fides doler@nile lof ansthuth@e. hading PRIBD $fbr waKisg pHbRWbItaics,
current data corresponding to the el ectronic device.

where G‘(b@aij\swmei ieleass |@Merrm|§/|G3é3D pravitas amasarploel dynultiayer

sruchfs bR EBS e, SEPIBNES 196 INESERTRITBio 4 B o

exam@@ eha rrmﬂtulay@tcsmmtsuteemﬁvu FVE D¢ fel ragking WEDd eFemtlbfity, the 15-
t hough the description herein contains na

layer SUBIIS 6 L NCINEBLALNTAN § RBIOMEOE g JARIH 2a 1S 4-5
sumnb)é}r'(?et %EEB h?ﬁg%ﬁ%&ﬁ?eésst f3f {élggéﬂb rﬁ&‘ltuﬁl&étfuﬁén&?er| ?éyérs (FIG. 4) or

ustrations o
sequenmted] dayerd yelabedichkeagesofdlintiimnal freyens (EIG. 5‘§or exanpl e,
thus the scope of the invention should be determ ned
val ents, rath

10097} g tRRE" e B e B GoeoEoRs KASHECE tBF inguch as by
undeRfu@thetémNgfrﬂléémuﬂlcﬁw Hupvihg! 8. @%ebh@bf f&o¥f) of an embedded
i ncorporated into a device or device conponent in a

releaselayenor saaiitial l[@yer. mllare ar@gae/(arqgt;o@fggtgataglescm@releasmg functional
erer TR U Sl B e PABTR T ol
shows thl tee cobmpositiin @Iﬂﬂe fligotRngl 20d a&lease Rejers athyf i@ Belected
depending on the release strategy employed. The sacrificial layer(s) are selectively
etched / dissolved / burned / removed about two or more times faster than the functional
layers that make up the FMEDs. Optionally, a mask layer 400 is provided to protect the
FMEDs 20 from exposure to the agent used for removal of the sacrificial layers (see
FIG. 2A). Release layers may be removed one-at-a-time or a plurality of release layers
may be removed simultaneously (compare FIG. 3A and 3B and flow-charts in FIG. 4
and FIG. 5.

[0098] Simultaneous release of functional layers is outlined in FIGs. 3A and 4. FIG.
4 summarizes release of FMEDs for photovoltaics by multiple-layers-at-a-time” with
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adj acent functional |ayers by release |ayer 30. The
plurality of functional l[ayers 20 and rel ease | ayers

Waoanasssupported on substrate 40 and functi oneCT/U83087/079070
20 is itself a conposite of a plurality of |ayers. For

ophoﬁéﬁl%ﬁ]s‘% offéUP)%hF%?tr Pg?éﬁ‘ﬁ%ﬂ g@ﬁlér&giﬁ%f' CF%fggaﬁd\’%a\/tranFferable

layers as | ayer
FMERS1,The ﬁmndhbrmlllws cofnpirxsw&taﬂax@ll;@gﬁcm@%ermmcmdtmrThe

|
procesgaisg Workior SRirERaRs 81 bauCR Slaling it sPlsrin e process
descrﬁ’éé& PaaG. 112 Br%h?ta W%%@%@é’ls%btﬁmﬁpqgrom%blﬁa%é@s shown in

ayer 30 facilitates access to one or nore of

FIG. 3Gntariexample.a3reCeAsubstrateebyll QCVBY MBI etgc t(simdlat process for

FiGs 00T S5 R isthey ZEERS Fosbelhol ' PHH-uBaf i dlate pror o growen

as ndededi(CyP w@ptud@my rég@nsd ) 0 fGroanaby@t)~200 @i bﬁﬂmm@d of GaAs
sacrificial K;r or sacrificial |ayers (see Table

adjacept taosudirate b? eﬂ@p@&%@g|oa¢@«t@§l}a"hﬁgpvw@9§@m@anuaban9 SacrIﬂCIal

yer ! 8155y B BRI oIS UTHE b Y AR S0, by Pl
Enhaatlz\:;lazdl:l)s @m%&nl?{(agﬁc;ﬂemisgm%nhg%;&?b a;%;édb?g’m‘fdmr&xgvrglphgfor patterning.
Etch upRasked regiens pT eRYAYEES USHG ré'é 3§ dppssudace to a distance
into ﬁrngrmx&@;a%sq@éa&.fy% r (fo%xﬁfqd"@rlﬁtostﬁéréafchﬁéléi layer closest to

yers are renove I taneou 0091] FI G
the substrate). atleg sacnifidialildysreshositd oot he thelonevfartnest fragkthe substrate (in

that GeRRCIe RO B AYRORE I EL R Bar L GHORRS 33 AT MaHzed in FIGs 38
and 8)a¥8{po3€ tRedubsit£a38 coarehtrat8d HeeKal @¥St pdHiflly remove the
optionally conprises an additional mask 400, such as

exposest gRaardTial friters and salease the funatianal erjlayers aloene Wetsacrificial

oer§BY BB ORPS A B A PR a0ty s

than #8 ORNEIPrétay thxh it Woes Byesacrifidis kaytdy) sesarfél@tﬁmnel@aaedalsMEDs
an etch-stop to protect functional |ayer

from gulsiesie byeharPingaer W%fﬁf%§0|¥@'&tr¢>fqh@ﬁﬁﬁ f@@%ﬁlcmsembly or ink jet

prlntlﬁgﬁ}eélg %hb }:%E L%é I'-If:tto‘?%tlfng% Cahg)f?ﬁﬁﬁlﬁg E&Prrtrﬂragrs of the sacrificial

Iayersx mstdﬂmsaWay agg memairimgy portmmsfcefrtiaé)beerfFWE@sﬁuriotnnmaepllayers

(anchiyiog siietirsd) S(CobbS fUne LBy e ehikers orideanuOireegy undemeatr
Iayer%‘?r?at'h%vyl:sﬁf §eér§ré?ﬁ8\¥édj§rqa héW %&%sg@an%‘ﬁrtﬁe%@ﬁace of the

unctional |ayer 20 conprises a O nmthick
substrates tReépad stepsibaetweea nmaskingrant itttk rexn@easthereby releasing sets of

functpBaL a5 teh APt RESE B A Sac e averb BydR T gt Eiel Prvers
remafra6n tHe Qlibsigats EPaF aptieial 06-use dfiteesabspateatrséGteps are repeated

as desired.

[0099] Release of a single functional layer is outlined in FIGs. 3B and 5. A
substrate, such as a GaAs wafer provides support for growth of epilayers, such as the
functional layer described in FIG. 3C, by MOCVD, MBE, etc. The substrate may be pre-
treated prior to growth as needed (e.g., CMP). Likely will need to grow ~200 nm buffer
layer of GaAs adjacent to substrate before deposition or epitaxial growth of the release
and functional layers. Mask portion of the surface of the top epilayer with SiO, by
Plasma-Enhanced Chemical Vapor Deposition (PECVD) and any form of lithography for
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[ 0093] EXAMPLE 1: Rel ease of transferable structures
for photovoltaics, electronics and LEDs. [0094] FIG
W@2e0B03@sBemati cally illustrate nethods and st rRCI/USHE7/079070
for sinmultaneous renoval of nultiple rel ease | ayers
patteﬁrﬁrﬁ%‘age %@grgg?é‘d%égﬁhsa%f é@bé‘?/’%rsbé(&hgﬁmrfﬁp%:é@hag m ?]urface to
somendibtanicaymio the rfmmwﬁ &G 0iAs eacprdmeﬂ IayeretEo@aae thmee aulsstrate to

COﬂC%"@%?@W E’-kaE'P ﬁ@'@ﬁhgeq%@‘g %?ésea%@cﬂ??'?ca%?r he) and

releaééﬂﬁﬁéﬁlldy@@éﬁo@@tﬂé §Téc§?FF|C|dI Thfeh'(@n@ﬁéﬁﬁ?'l@)ers) By Iderl
manner, a plurality of transferable structures 100 are

undeeudlinaaifHE atiacks therfuneijonal epilayersamerasiondy: fless thasub/AO etch rate)
Vi.ce. Sl rate or device conmponent supported by
than gﬁggﬁﬁ? gggr'@%i 6ﬁneans known in the art (e.g.,
liquid printing, contact printing, etc.). [0095] FIG

[001088 sReferring &s FIGy.€3B 03C lanyes, et@munmaskweegaom ohapilayers using
access channel 35 spans only the top-nost functional

CI/Ar pigsspa oMy Ui aGa tf‘rﬁﬂwgh Sp@ﬁ)ﬁ'ﬁ o fsgrﬁ‘@tq“%tﬁﬁpe IfQ SubsHates
Encag slispsed r‘eﬂ}a‘?ﬁlﬂg p(é)ﬁl ﬁa‘Z@t regwg!a%r%t\M‘rFféHét%?eéQtochéHHg the top

ne singly tunctiona necessary,
and didestifaces. Exycse the subgtrbte qora:qLMJed:itb;z agidrask(ortotetch the GaAs

cuns 0B e RSB S DT 8L R Bl furctions

Iayeri)ody I%?éi%l @fﬁ’&’é&bﬁlﬂ? (tHéJ\Wéf ét‘éﬂ@ht ét@é/ékrs tR8-bakiRér é%ﬁltavepfnore slowly
pr ocess in he nother substr at

(less m}amﬂ)/dﬁ) &t cateprthan ||t does tfm ﬁaﬁsm@slrete @r@dbpdum@mnal GaAs
exa

layerdiBYe Bioth iR ity o et pnaHEBY Ind br SRR el Sncangyiptes them.) In

FIG. 2 e®@BA | GaAlsdpilagi e@rréispfdrﬂsetatthdervmlagk«'54m deviheghotoresist
conponents are provided in FIG 3CE. FIG 3C provides

encapsilatiohprreesio SsIPrth%t@ﬁ@tlmlrﬂ@ﬁhflﬂms for making
phot ovol taics, where AlGaAs is the rel ease layer. FIG

[001(ﬁ|§ pAH)‘/ Pﬁ&%s@bﬁs’é@%ﬁﬁ%fmgx oy §éda?é(t%6 fR3rh %EE%{E%? tsy stamping or

meki ng el ectroni cs
do sohleat e&&mgn/fadélmm@ assemplyeorafhk fetmuinting ,afylectrewunlmhgr etc.
havi ng FMEDs for making LEDs. For clarity, the 15-

1001425 "afiost 5 Hish cempishes &y Aietiondhairniog (68 134e8i 110) (soe
prowé@né‘l ll9rS“F%?SAE)@r6(§/812@@§ﬂ”ﬁ|eﬂ‘$é¢tpiz® QOUGCfb'r opak Cb@é/rﬂft@s of Single
or sequenti al | ayer-by-|ayer release of

CrystﬁUS&lf:or@Mcrq-/mlbppneGmeral[edo‘m Bwlnki‘(afermlAttyat)eifr go. 151-06P,

neret e BoFaRHcy g TS i SRR nolnbafilehyn S Tagfisotopi

etchim@ang/opimdskTay& tb [rbtedn Frbps deeh el @t@ﬁﬁhg' ayer or

sacrificial |ayer. There are a variety of strategies
faor rel easi n% functiona

[00103] EXAMPLE 2: Release of transferable structures by laser ablation.

[00104] Other release methods include release by removal of the mother substrate by
grinding/polishing/etching or release by thermal shock (e.g. by thermal expansion
coefficient mismatch). Release may also be by ablation/decomposition/chemical
reaction of embedded layers, such as ablation/decomposition/chemical reaction caused
by laser-induced heating. FIG. 6A provides a schematic illustration of a laser ablation
release method. Electromagnetic radiation is introduced through an at least partially
transparent substrate 40 upon which functional layer 20 is supported, such as by a laser

positioned on the side of substrate 40 that is opposite the surface upon which the
26
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| ayers that use a variety of stinuli, sone are
provided in TABLE 1. TABLE 1 al so shows that the
w@oompo3issT on of the functional and rel ease | ayP€BHUREY7/079070
be sel ected dependlng on the rel ease strategy
- T
multllgy@rlh d.?c‘iu |rlsé§g ngdljjl?éneg dﬁe}(éfngfr%avl%g@ r%fgelgtgé:dfv\gr%h%ferable FMED
100 e1lbee by |fanhsefodwttelrfa¢|hh$urfm Beiveen@fatind 40 or Hytateastgeetial

remol) of a8t Aot B sena s 4eBss Sunace ol [elores siisRe 56 ay

remaH}S@Q‘tlfaFPs{ aft8cRatphgdhst dife §Ial§6thfdf%&r@||0td ré)d@bsor(s‘-éjb%trﬁiﬁo as
ease | ayers naip e renoved one-at-a-tinme or a
e

lndlcqiedrbanahl@tlcm piogiuetssd | dpese praducte37 @ sebsequently removed as

desirfl "I 08 A xp BT € siehie QPR B o GLFLEDs for

LEDS t\RisepBBlatibAy Substrated40 lcbiredporidso® sagéhirnsulsstraté! KIG. 6C
4 summari zes rel ease of FMEDs for photovoltaics by

summgnizgsgeteasgy rMePs ot LRBs byj |@$@p@b|émﬂ OfBY use of
ab'at@ﬁ%ﬂ@a‘@” % m.%gtl‘_%glc g5 'ﬂfért% ‘s?@nt%e?@géoéﬁl%?ént conditions.
FIG. wlstmmaxhztas tgemaslcsarateggnﬁmm'ewase oTimlymrysialshse@Imphous FMED

r anor oly stal line mater
mate@‘?'ﬁﬁ% %Qi'VteH@be? i@grse' 'av%réopw ﬁffgre@t rQI@asg,s;gmls;,(e g-
h.a [ [ [
elect A GRS R 2 S dLERs Bt S PR S IR luctures by
remoealaf sgsrificibblaygrsocess for FI Gs. 3D and 3E for
transistors, LEDs, respectively). Pre-treat substrate

0014 o 2 0eA5e RS R st cRps By erodhaaigpef an induced

interfaclhpé@Bk. t 0 substrate before depositing or epitaxially
grovvl ng functional and sacrificial |ayers. A portion

of the surface of the top. epilayer may be nmasked with
[0010] @A69thﬁr FRIfase FAcAARISH SHaninddudingst cask ¢4 ianiipyerface between

FME@?E%@]eWh@r LB pAL ahPttHé’H mhg;t El\f%)% Wﬁy%mlﬁtné%other
nmasked reglons of epl ayer n

subsifater(esgy usangea tubtzerd;tarhp)wtnepndptagawty]ektragk m@cm 7A) The crack

sacgflc for_exa i n sacrijfici

can bejfipdig @s%n%%umﬁi@r QLmanp Ese)such-ﬁg_ r%%l qryq:qgllyé(p g- é%Utt'ng’ see
FIGs ﬂBLﬂ: @nBOItZ)bﬁ%é R eagee'é'woul gﬁnd)r(gé% FiGs SyBSAn@Y ??Tgi"r'?hermally

at case d be’in a "one-at-a-ti
(e.g. by sbesls irasicediydhetreal éxparsan @BfitientInisnEdplose t he
substrate to concentrated HF to at |east partially

100147c PnavE BV 25 S bt el RN & R fucture i

combliridcewith aldrtaecsridtom, féﬁ'&aﬁthpléﬁéarhbﬂllfnu(ﬂﬂ @)! such as a gold
epilayers nore slowy (less than 1/1 0 etch rate) than

film apta eryeier sHdctyER farfrt ¥Iag CRERQY Nancidpas d3ee Nawire Nanwieeh. Vol 2,
p.ZBOSNIEFIR?s process can be effective for FEMDs that are small (e.g., less than about 50

nm, e.g. molecules, SWNT, etc.) chemically fragile, mechanically fragile, mechanically

soft, numerous and/or unwieldy to fabricate individually. FIGs 8B and 8C provide
examples of a structure and process, respectively, for inducing a crack mechanically
between a substrate and a carrier film to release transferable FMEDs.

[00108] Release by any of the methods described herein is optionally incorporated
into a process that reuses the mother substrate 40, as shown in FIG. 9A (and optionally
provided in FIGs. 4 and 5), thereby providing improved manufacturing cost savings.
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from substrate by stanping or perform sol vent exchange
for fluidic assenbly or ink jet printing,

WE@L®@s8e3pi nni ng, etc. Use HF to renove any r ePEl/nB20g7/079070
portions of the sacrificial layers; wash/rub away any

[0016%”%!@ D RY §&aai il SBatdrest yahsl rfe\@é‘s% cﬁ"f?hcr:]tucotna(l) layers by

il ayers anc oring structures, etc
partidl agreosaltdfaele\ase éeynrs gsaaificial diaynew)t Bgvemad@em layeesyatrastime (see

iso HiE A el B TR Ao BRSeuctilafn totnres
the s@@@d‘dté%ﬂ@ﬂﬂwé‘ﬁlé@é@lﬁ?brs areas by @n@&%d“gzlﬂ?@eége or separation of
functional |ayers (each set separated n%asacrl i cial

the deviges b)aplaems upon theicramovs| dior eagr@p@ oy rfeaqiurerofttamering structures

and r3ifBRe ifo Absiat Bl Skt T girsatfo RUMBRE € pehs B Fermoving

the aBtHEHR étm@ne@rtalpré;aa/r@rthe%u%trbtmd ré-depb&iion SBrauMtidyer stacks.
A substrate, such as a GaAs wafer provides support for

Someyp¥ailRlesrolEpulfidgyarsiructiaes daatnay yighé prigiekle fayiees according to
the pﬂﬁ%%% 'ola fedn I 18Gre QK?W%IG -ESth -HFQ%”S of the process are

e may bé pretréated prior to gro
outlined.ig FIGCWPFIGLMeﬂhynwliéS redeabet of I@VIEWS-f%@bhomblﬂéltelby ‘multiple-

| a cent to s ra fore depositjon
'ayer%'@¥§;}ir9%xW5l 0&?%'{)@ edfsetfﬁes“:ééf E?s%’ra?Hg*%'?d}' gration of

coouayinsbel PR 1o Lo e S el groun

semi@esheiars o heREQUE)S alsd vearys ﬁmamofphoiusfmsgno@;ﬂnystalllne materials
oy 058 SRy WS 68 A "0 b 8l P @I Eqpianea. Grow

epilayets @hbt@ ihiFI6t 38, af Sapvme, SROHAY Sitdtratéeyg MOEXYIRIMBE, etc.
the substrate to concentrated HF to at |east partially

(similpe ptppess fier BiGso SdHaradSE for UaasnstcuiyekE@@ﬁ@ﬁpaﬁwedsél é%fgetreat

subs tr%% eofrg)')r lttgyﬁﬁvzttha%’ g%c#obeg F)t IE %l?%)_w r?ﬁ? rgéL u@ﬁé\h %%Lt ~200 nm

buffene lary@t omahs%mjémn@ sobsteate|beidre démﬁurfgm;ﬂn’akuam &fréWing

te) than it does the sacrificial |ayer [ 00100
functp@ﬁb@r,aql pachfisigtiayers 38 paytion o the S'éz’ff%‘F? oh sFR@@p#'élﬁrdﬁ@ be

maskS il SRUDE PSHER Erbphbed CFefcd R HafRRion (RAPID) and o
form ohlﬁhogwmxhylfogpammlrrgwsEmh Urimeasked ragmns orf/leph1ayers using Cl/Ar/H
coverin e sur.

t t
PlasnE gL RE e A PR o Bl Gr A6 SAeTTos! IAYeRirexample,
into tﬁé % chiftgal ol t@tfe shtr: a@+)eaﬁ?e Egé‘rlffcim‘l"é)}e?%ﬂbuld not be the

ayers apove the sacriftici | ayers (funct’ onal
one faralyr@stiyorbyhe aulestedte ((indbat case, ige (elaasmpu@t k&réma “one-at-a-time”

procelb Ao PR s 38 SAYBL R SR Uedlf T DBppoten v 1
at ledshpaftiang répaé t@éﬁposed sacrificial layers and release the functional
epilayers above the sacrificial layers by lateral undercutting. (HF attacks the functional
epilayers more slowly (less than 1/10 etch rate) than it does the sacrificial layer).
Separate the released FMEDs from substrate by stamping or perform solvent exchange
for fluidic assembly or ink jet printing, electrospinning, etc. Use HF to remove any
remaining portions of the sacrificial layers; wash/rub away any remaining portions of the
overlying functional epilayers (anchoring structures, etc.). The functional layers that
were originally directly underneath the layers that have since been removed are now
exposed and on the surface of the substrate. Repeat steps between masking and HF

removal, thereby releasing sets of functional layers (each set separated by sacrificial
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| ayers are protected fromthe wet etchant by the

phot oresi st that encapsulates them) In FIG 2, the
WG@\R@ams36sepi | ayer corresponds to the "nmask"” 400PCEHOS20011&79070

phot oresi st encapsul ati on corresponds to the

layers)asidi hb%%%bﬂérﬁﬁl‘é wélﬂ%oﬁe DB¥trafe. LG 6&'0‘?1%?%‘3'use of the

e sep rate rom substrate by stanping or
substmiestlriaserﬁtemateam@eat&d% Desioéd assenbly or ink jet
printing, electrospinning, etc. [00102] Release is

oo S5 084 A O B
partlefl lrérﬂdv@%ﬁrele%@e |2RIE (éé&rlflc%lllléye@)i @ﬂblrble%%eq’%yéldl@ fime (see also

stal Silicon M cro-/Nanori bons Gener ated from Bul
FIG. W efbe rﬂ?ﬁ‘;e i eeferrgd to as fpaysipl” h@@ﬁéﬁ@/dﬁhl@éﬁyﬁ@mét%@twed to the

substrrgteeaf '?(Eﬁe Fé%e%?{la?&sgﬁ{]e/ Bgﬁlrarg)éﬁé?ﬂg\{/ged bll Pe% {)P%_.%é%%tlon of the

TO IC (o) pro

dewcfas (hmpbbﬁs epohitingir rérﬁ@ﬂélSﬂorléXAPvﬁfﬂé b fradRatecafstetiring structures and
transferabl e structures by | aser abl atl on. [0010 %;
retrieyglHising an eastomer atRMP ndisdeutectlea st WsrtE fremoving the

onenb i SELCe IS B oL 1 91 50/ S imo

release)efdoessé(as im Fsl@aBB))andRelmeearmthg salbstrateefobye-deposition of multi-

Iayeqs%;igs c/gﬁ% %9(3 ozei(ﬁt i f ﬁlf gg]%rc ﬁ %%E}he{zrﬁ]@%ygeﬂa prln?a%le devices
accor'dﬁfgcfd P8 ﬁ?@é‘é&%lﬁ’tﬁné@ﬁéfelh %?é’@ﬁéwﬁ%?‘l@g 3d:EGTr’FEAdeta|Is of the

provi des a schematic illustration of a | aser abl ation
proceselaéawtlmdhof IGEBe At sUbstigiestsuch asd &eifsrwafer provides support for
i nt.r o uced t hr.ou

growly(RriitaEs, SUERHS g RuftionfiBhe @b Benin K8 36265 Rocvo,

MBE S¢tePPhé €dbsteatelma ﬁbb)pré -theas&d pﬂ@ﬁlotgr@ﬂﬁlﬁi agmefehlédf(e@e CMP).
of substrate 40 t IS opposite the surface upon

Likelywilloreachisngiown T%@&F‘mswfiﬁi’t@/@ qfdaaAs adigeept iorﬁﬂhésér@te before
depo%@@{g g?%gﬁ%ﬁf&roﬁﬁi’w Offe Rlied eazgr?cﬁ ﬂr@:@bﬁalﬁ%g ':a?k égrfﬁ%n of the

re o |nter acl a rrace

surfaby ofithd t©ppilpget with S’@Erbya?la@ﬁaéEdmfeedalhemicagVapor Deposition
sensitjve rel ease surface 30. Rel ease surface 30 nay

pectBlars 4 o) EaRQTAB Ak 4o RFNSRIN o EICH LNBBSHeg fedions of
epﬂay’%{)% GI/AQ@ L@%sgrﬁé?%rq_%ﬁaé@ to m'e"tﬂ%t%ﬁ%?ﬂqt@%he first Alg.osGao.0sASs

n pr o hose products
sacrlmmeewe rEXgpsedhe\sedsmatedemanedntrEﬂeG HB B> af|emst paraiaﬂy eemove
r the rel ease of F

f t b
the efadsAqitE BT T AneRAsE NG G ARgyB e segritiial layer

(funcﬁ&%h‘éyfe@sﬁbﬁgﬁattér%‘l @ndgﬂcﬁttln@C(Hpmbkgﬁ% fuplceds® dilayers more
l'aser ablation or

slowlw(eas thaty a/é@(ﬁtpbsattel) tm!rbllhdnee the seerdnnajﬂfayqﬁat Separate the released

FME@% g%igﬁ@&gqtgi)ty}g@ $rg<{l1 'gélggﬁf exclﬁa%ge]fgr fidh msséﬁﬁsoly or ink

jet prin@hy celestraspinniagaew. Repsatéss between masking and HF removal,
thereby releasing functional layers until no sacrificial layers remain on the substrate.
For optional re-use of the substrate, these steps are repeated as desired.

[00111] FIG. 21 is a schematic illustration of partial release of functional layers using
lateral etch stops or anchoring posts by removing several release layers (sacrificial
layers), at a time (see also FIG. 3A). The release is referred to as “partial” because
devices remain tethered to the substrate via the lateral etch stops/anchoring posts after
the release layers are removed. Full release or separation of the devices happens upon
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materials by selective renoval of rel ease |ayers by

different release signals (e.g., electricity and/or
wheaBp3esFt G 12 summari zes rel ease of anor phouBCHNED07/079070

structures by renoval of sacrificial |ayers. [00105]

their EFAGH Siop exa@?‘lee%ilefr% uﬁéé\ﬂéfr%rrf\gls@r Jr@%abﬁ@? @(/gl jjsmg an

propagati on an’induced interfacial cra
elast@met samp. eTI'st‘@umeelwmlﬁhme$tHeystep$ oo eroovigg dhe tedetal atch

stops%hﬁlghfpgi%& %\g?)ﬁge sg\ﬁgq/ qr rg : hgrtlﬁ%? Z’Ellﬁl? Igyer stacks.
Somé é?ér‘nbﬁats%f(rﬁulﬂ Ia%@" ﬁﬂmﬂn’éﬁ bRgt m§§/ @/I’&Pd phﬁtd%'lé’éé@éé@ ab@@rdlng to
crack (see he crack can be i ntroduced

the pwsa@nﬁ@eddferﬁ@rﬂfe@omgumﬁ I&s dedhahhe getails(ad tiae pr@cess are

outingih G101 R PRSP eon B Gk BxSiyn®)

semicdeitictarsdaeetorbiedglsoBlOrRE W@rh@fpf@@gfdrlpﬁilﬁmstalhne materlals
m smat ch) . [00107% Optional | any of the above neans

similardp the Pedeasrgleactipedyt BIG1 2 Hriafljee GaAS sulashiale igbtaned. Grow
epula;yl%g%gh%@% 'H18r ?:t "fdfcé%érn‘?p el &8 G%?A%r@{!b%tr%téjﬁpr S(?b\/fd 'I\WBE etc.

suc as filmas carrie ruct’ur
(sumnéoprqmelsstfomI@IGsarJDJan@aEdbutreasu(siz:ee, NeD s reshlactieyo)h. Pre treat

subst}/%lgtpzr@,rgé é?ﬁ?/ﬁh e&rsgh%ecﬁ)erqo é’g@f’ |§Z>Et|gbg%lﬁ); ;egé‘l;rlﬁg\j(de ! ?r anut ~200 nm
buﬁemgspaf €8As %Aggcerﬁ&&smbatf@b%%ﬂevdéa guri r%trag{ﬂy growing

anlca y fragile, ani cal
functiandl and saeifeialyayess f Aoportian ©f rthejswrrfmmoﬂ ttne t6p @pil8@erandy be

maskpg Bl HICich ) PRBh e TRl e ) CheBH GE W S AL (PECVD) and a
form Bﬁﬁmeg Sfélbﬁét'télfhﬁ] ANEtch FRRAdIRY relglofstd? ép‘ﬁb?é?%%smg CI/Ar/H
transfera Ie FMEDs. 100108] Rel ease by any of "th

plasrmeefragusuréresciol deigtannednio ary Hjtos GAadsP saﬁﬁmlpkiauere@or example,

into tﬁ%% mﬂ:cﬁélﬁ%@s%%b%;%%%;ﬁ?oosh%??w}ﬁ]eg%?%ﬂg? Iﬁ)ﬁ?éﬁﬁgul ot be the

one fanidest)fronh ftes e@wStﬁute\(inothegcasfmrtmeéiemufo@m bé iimg “6nslat-a-time”
savi ngs. [ 00109] EI G a schematic illustration of

procesaras Srnierceadn bIGs JReandAL Dergsi 3 oopigsarl capting of silicon
nitridé %3‘?8 pr8§ Jr@'c%%frﬁcél %E)fdéﬁ?’aclflbrﬁ ?"a’rf’tleari 3061{1—@8 %IK de, for

e se layers ne (see
exam’ﬂeaby phetmslmogsaptw and e@bmrmg asmgpaﬂmme- plbemumadeﬂne lateral etch

cesremant ubstrate aft
stops GIUGEE I ROPoTS EEPerEiNG RSP CRta e hEdogt least
partm‘-‘?liﬁ’éﬁ%%%e %ﬁ(g&?‘dr gsarireRs I:ﬂ%‘?@%ﬂa rélé%@ettﬁ@'fdndtl%ﬁﬁl"@élbayers

r exarrp e acture of’ teth ering structures and
above ¢he swastC|aj$ayeg;s oy |@ﬂe&§tlﬂﬂdel’0lﬁtlragrp(H Hlattacks the fenaticnal epilayers

more 3w ERedne LR cRealeidhan A oratad FoF il day; Separate the
releaSéd FNIEDs FralesuisdtRtd By stamping or perform solvent exchange for fluidic
assembly or ink jet printing, electrospinning, etc. Use HF to remove any remaining
portions of the sacrificial layers. Use fluorine plasma to remove the silicon nitride;
wash/rub away any remaining portions of the overlying functional epilayers (anchoring
structures, etc.). Repeat HF, fluorine plasma and washing until the functional layers that
were originally directly underneath the layers that have since been removed are cleanly
exposed and on the surface of the substrate. Repeat steps between masking and
cleaning, thereby releasing sets of functional layers (each set separated by sacrificial
layers) until no sacrificial layers remain on the substrate. For optional re-use of the

substrate, these steps are repeated as desired.
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Sone exanples of multi-layer structures that may yield
printabl e devices according to the process outlined in
wWO-R@3/03@3are shown in FIG 3CE. The detail s oPCT/H82007/079070

process are outlined in FIG 4 . FIG 4 summari zes

[001’(?.?I ept| 2% W&\ﬂ%atfcoﬁlu&ﬂfﬁ&‘é% rﬁ r¥asBYs it RhaY BYErs using

opti ona reu substrate for
laterad ebchesfopaior gankortg postsfbyaemdvumahe relaasé &yabl(gacrificial layer), at

. FMEDS. T f ti | i.taxiall .
a tme o8 i Bor Rl 1OPSCIORgE b fe/EHEE 1 ASe APk D g be devices
remafieidred o e 9@6%?&&& S/KaaiHe' IB%rﬁ%t@h 'sﬂi&/éﬁdﬁdrlﬂb doitd Bfer the
process described in FIG 12. Brief

release lpyersiaee r%n@\tﬁoau Iﬁu:lbreleasﬁ/\pre@paaga@rsottli@/dewcreﬂn@pens upon

their i&ihodtoof SRARBE, tYradi SHEH G Se P ARy v LSing an

elastdrhBE stah§s PERIsI figRIry hlsoRbietitéL e §9F§bf FirBoving ®fe teeral etch
rowth as needed (CMP is optionally required). Gow

stop horing (RO SHK g PeAtiNdaier ope-laxeiAt=Ad] I@@erﬁ{eatsg process” (as in FIG.
3B) afnkﬁb[%tdr &eﬁﬁégu%s%fé%‘r k. H%P8§|t|8|9 ok ﬂ%ﬂlt‘?"l%y’ér g gSome
unct’ ayers. A po

sacrificial
exampled meumrﬁlawrestrmﬂu &3 thayeay ivisid peintesd edvices PacSor@anJ;o the

procegsqutIHqe{Egn Nk %g%%%lng-ﬁ&sﬁ ‘E:Sﬁ%glgi@(llg,%ﬂrg%ggpnc%ss are as
follomfsgg\a ti2te ERIchAELH S Aﬂgfeggré\hééb ebﬁéﬁfér@ﬁ@g% ?ﬁi?ayers,

I stance I nto any i cia
such @sdhe éumtvphel layer @esdmbeslan AlGi 3Caby M@ENV L INBESsetct dhe substrate

t h b te). Th ificial | houyl t b
may b ritgsieirde Soul enacetidic ar iy Lhsl §llaedd pgrow ~200
nm blgéreaser yrahAs %@bso%n@to asstRite defdrERlepPERIBGADT edRaxial growth of
summari zed in nd Expose the substrate to

the relearacand atnsdions! layers: M@alspOﬁ@ntofathe purfea® oéthentop epilayer with

S0 G Pt et e B B Reb il BTl B4 Bl o

lithoguasiey fou folatteehing. HEtcfﬂ Elr&mbgkédlﬁed’mbf @mwyeﬁs)uéuag@mm plasma
nore slowy (less than 1/1 etch rate) than it does

from gpdaceia $qm@|daﬂtam%®&t9 thesférﬁblb@%Gﬁh@Aﬁeﬂa@Hﬁ@é' leyebsDeposit a

confo]trtrn%mf:? F‘}%t |I‘?cok1"1yn|ﬁ' N{(Bfes%l;é Bﬁ%ﬁﬁll VER0r SXSTAAIE Pattern

assenb Jet prin

the smbmhrtmﬂmlfonemjnpmw pIhlstehﬂHBgtaphyearm/etcan}g msanglarﬂumlne plasma,
ers

(0 def R A ARG T PPS ABOIST APRBOTRG PSR eRENe axpoTdte 1o
concﬁlﬂétééf ¢S td ANe8er pattaf Fatd W f eﬁdo%eb g-EFlﬁmfaPIB%ﬂ gﬂ?@) and

ers that were origi'nally directl erneath
releasmm spitayars hboee Hiensacrificah Iayemoﬁaedtmai |z el der|

undeRIRRE (HReicks 358 aaeb i, SUBPoFnBre SO E a8t i vapeton rate)

than Rdobymed saticidl anpsry S@Fﬁﬁété e REGASRE BMEDS from substrate by
sacrificiallayers) until no sacrificial |ayers remain

Stam@ﬁgm@loSsqmrrta@@hamﬁ faydluidia @ssemblyser ipk jetiginting, electrospinning,
etc. Use HF to remove any remaining portions of the sacrificial layers. Use fluorine

plasma to remove the silicon nitride; wash/rub away any remaining portions of the
overlying functional epilayers (anchoring structures, etc.). Repeat HF, fluorine plasma
and washing until the functional layers that were originally directly underneath the first
sacrificial layer are cleanly exposed and on the surface of the substrate. Repeat steps
between masking and HF removal, thereby releasing functional layers until no sacrificial
layers remain on the substrate. For optional re-use of the substrate, these steps are

repeated as desired.
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substrate, these steps are repeated as desired. [001
10] FIG 20 is a schematic illustration of parti al
wo ed08as3@s3nf functional |ayers by partial renovedT/o82007/079070
rel ease layers (sacrificial Iayer) one rel ease | ayer
a
00 A R o R L 8 P e e P LA el ayers
with a;ﬂbstiot@ne)raa‘dtleatlamkayeesl efaeslethbyylewe bezea qmthzhllﬂdlgesed via a

renoved. FI rel eas acati o t he deyi ces
procasSRIBe" (oAt PP e RaIG: 207 dPeeRErpIonGy Xt gvers, often
self- a%%eﬁl%létﬁmoﬂgla?bféig S@F\% f&é&dl@\é@heg@hﬂﬂat@@en released layers
el ast oner st gure also outlines the steps

and Ltmderlymday@ra(aetl@ﬁ@m)uQfgoaromotma@fgesw (adiivatien) between the

releafelf BUEE fpt Sou AFLLARY PG SRSl BphpBrigtes. bioogica

entiti€s!Rst.).ane &aimsleof apsstdr ed whiichmiet prock €y 6utlife@GKFIG. 23 may be
Sone exanpl es of nmulti-layer structures that may yield

appligs Isrﬂ%ﬁﬂ”@eﬁé@|F&@s3[bct\3¢6m$gdqfl§"tt%@fpﬂ%ﬁ@s(%tw MOllthography
and éﬂ%rﬁienplgéﬁasaemﬁ% ggbgﬁ‘fﬁ%rﬁgvg% f éAi r a?\(se?élse%gﬁ layer by HF, an

rocess are out A su

ethar@uésohﬂbarofmrg)amm eblostqmpmetteﬁ onolgcwatrhaybe emed 4y erezt the exposed
f unct i.onal '

GaAS R SENEIDT ANSICHAB, QU ETeate Hiy Boap Alkeaneghipbdpr sXample,
hexa@éééﬂetﬁlel %%Vﬁéﬁlﬁérlﬁbﬁ %fkaﬁw%ﬂgol Wéctlvéil&? O[Me%lb' may be

need to grow - |'ayer of ad] acent
termisatedtadutiteworadfy duye'eaemascmemmabgrowpst wrleabwmi@mdhamﬁdlm
rel ease and functional |ayers. Mask portion of the

1001417 L EfSe. s A8 a5 afifl WG hel b bnBls ot binohseingrstrategy that

furthe’#ﬂMpfr&fd@ %énériah&ﬁ@f ﬁﬁﬁé‘fefalﬂe BEUERFES ekt bFéMr@'ﬂﬁ@ﬁiﬁ@dmg
regi ons epil ayers using C/Ar/H plasma from surface

structpﬁes;@twmetuﬂgf 'Bﬂ‘é @Oﬁlﬁpﬁst 35 ky a/Kled‘ﬂ@Gﬁ@Q%% anchoring strategy
(e.g. SS%%rFIEt X a?‘e cIJ‘ ﬁ%ﬁi{cglagxtﬂ ea g{ah?ag}tlél altﬁ@%@tér%een?%ues anchoring over

‘concen reno

homagiepesad agahoritg,qea). Figy20) |(1dnd¢ ﬂemulitplre@es}'gmihg breakable tether
epi | ayers above the sacrificial |ayer (functional

points, Wegﬁrqngfeérc&ntrgh@é}dqurpy@ne@ transignregistability. In addition,
varloué‘ Hﬁi:h&ﬂginp bLayEPDVIBY Siopd ?’fﬁc}’e 'u%é%fttﬁ?(hgq‘érjsu%s%@area

does the sacriticial layer epar at e
Pattetri&d smtréa&édeg?&ﬁ@prdmdnmmbabmat © dnsuse ehrnqnthg transteyable

strucfes Bréay T dae Aocprrig FELctie s rugkieliad festiSisetadditon

patte|"]‘ﬁa‘é)‘<s§eft9|f|é‘i%\‘|3I |HdFeés%'HJiMél‘easbrb%§ %vét%'g%aqidiga){a%kﬂé ' t%b‘-ﬁuse the

ayers until no sacrificial ayers remal n on
anchering stracteresrarie nitungestut ly-the @gent thad rembyes ﬁtea$actrﬁ@§é layer,

they e RafbEolHREEHh BEROBROBSH g Burblatll Sirutute. Fid 36
illustrbtédcthecam@holiny ebAcéisti ddlined in FIG. 35 and is an example of its practice:
printing a mostly-transparent gold mesh from a silicon wafer to plastic.

[00115] The processes disclosed herein are particularly suited for high-throughput
printing of structures from a multilayer device to a substrate or component supported by
a substrate, thereby decreasing manufacturing time and costs. For example, FIG. 37 is
an SEM of a seven-layer structure, where adjacent GaAs layers are separated by
AlpoGagp 1As layers. Epistructures are etched with phosphoric acid and hydrogen
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| ateral etch stops or anchoring posts by renoving
several release layers (sacrificial layers), at a tine
W(Qstme/oadssn FIG 3A). The release is referred tPCHES2007/079070
"partial" because devices remain tethered to the
peroﬁ(?’@sﬁ'ﬁétrﬁulﬁl'a ef Hﬁcrbéﬁr@étateseér‘“eﬂnaélﬁméé %@?ﬁ'%bllée&fbré’%ﬁtas GaAs
ter the re ease |ayers are renoved. ease or
substsatpdryaphiaiolitbbgtaphydand wesketchimgens upont hei r renoval ,
for exanple, by fracture of tethering structures and

usi ng .an_el ast.omer s This fi,qure, al.s
oo {g | it 3a §34 B8eBlr OLAE FexEh Hhs EDefs jeden 8hd%oms
stamis$ BREY SIRTINANEDTs RSIghSe bPtHY KRBNEGAAS |H/¢hsSt Sahkardretrieval is
re-deposition of nmulti-layer stacks. Sone exanpl es of

expegtarior Ingidual {ayectarrlayer eigasesgs diselogegheneiapiEuiefly, the release
proceqlﬁt é'ﬁ'ﬁft‘)l c@ég@@g g%é)?hl%?rge up& %ﬁtﬁ%é}? Bﬁ&o‘?eeé.&' nI'haer fhasked

a|Is I OCESS  ar

struct@mé ig @tebled vithhid;sPOL:Ho®L:my; 1:T3el X, dawct nﬂnal'l'hbqyﬁjt@resst |s strlpped
rown seni conductors. The pr.o

with GeR G @iv%bfﬁayx'q%hsaﬁwwa | bIerajaasa ey Wi 97aN: for 35
secoﬁdsr%uﬁagj @néuh WRIhO9ESEa é*%gﬁuéﬁ‘néﬁk/%xfét?ate@ﬁbsélleﬁ in FIG. 38

str te|s OE al ned ow epilayers s
as 1 fRrcagl88) using FEDMSFStampen 'Rmﬁ&thsshampnaUee@yo bueskxXor MBEovers.”

FIG. 59 Srafidetpu St BAdERR QI BRSO A CHoT esppisiayer donor

substPiteQn the ﬁfrﬁaﬁ‘efbf%SPDwgfar’rﬁ&Whé% Fﬁ@k’r@ﬁﬁi te)édy for printing to
required). G ow about -200 nm buffer |ayer of "GaAs

devicadjupstrate entosaibempanentwiadevidesobbtraleg or epitaxially
growi ng functional and sacrificial layers. A portion

10018, P AR kSR S BB TRy dboons
Gener&eeVER)m Bk Wéfel‘sm of it hography for patterning. Etch

unrrasked regi ons of epilayers using /Ar/H plasna
omsurface to a di stance into a

[001 @crﬂf"ﬁcﬁ@mﬁ”ﬁf&mqq%@ X aSHREEY, f%@f@%'%ewquuanat'es of high
quaht&ﬁdﬁe&%&r‘?ﬁ turﬁt%rﬁtrs‘?ng“t?tﬁﬁtélt & onTt'?ﬁcr aghd Ebﬁbﬁt‘)bérﬁsyﬁém bulk
oul d not ar

e the one est romt e substrate
silicon ljat 1 )owafers.tTre peiceas asewetaheddrenchas vaitreeaitraileti nmjled structures

defin€l R g sicieuialF Rigedieravih egleditpPaE B o AT ihterils and
amso@r’@ 8 wal et\éﬁl‘h@;rofdﬁé’%ﬁtcbh% prBéhé@h{UIﬁIB?erSstbe@sJBf ribbons with
ride, for exanp ‘oyoto I t hogr aphy and et chi ng

umforurs tmgkraessea@nddéhmraah@a detiegd ha@glttm em@wncahaha@pssﬁte entire

suraGE . e PAfEcR B88 Pl kPS5 b BhRAVE fffgreas o

nanoMReSeWidias i ﬂiecrhﬁirorhévafréng@cbﬁcﬁleﬁgﬂfs e foswldrainadntimeters,
e |Iayers above the sacrificial |ayers by |ateral

are pmﬁd@ﬁéuﬂbtﬁﬁ quapfitieg, ugtesthinarrraaeh i Brrtindepiocageassenable the
layer BY15vet't el(éfeosr ahidag at sQ)f% Etl? Iy Bbﬁ% td qunéé ofi8fter
t acr

I'Ci al a er
substrates Good electrical propertles (mobllltles ~190 cm?V's™, on/off >1O4) can be
achieved with these ribbons in thin film type transistors formed on plastic substrates,

thereby demonstrating one potential area of application.

[00119] Nanostructured elements of single-crystal silicon, in the form of wires,
ribbons, and particles, are of interest for a number of applications in electronics,
optoelectronics, sensing, and other areas. The ribbon geometry is important for certain
devices because it provides, for example, large planar surfaces for chemical sensing
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rel eased FMEDs from substrate by stanping or perform

sol vent exchange for fluidic assenbly or ink jet
w@rioasesg7 el ectrospinning, etc. Use HF to renp@EUSIUY7/079070

remai ning portions of the sacrificial |ayers. Use

and Jﬁo%értgﬁt d{ﬁm%%@’agn EREB YRt i |bﬁf?;9‘flp'tﬁe{]bﬁﬁ'\nel re |ons of

remal ni ng portions o e overl
transistorst Goowath teplnmlqyes selemdcﬂodhe wgellsde\zﬁtomecésheretoal ;;ynthetlc

orine I a shin nt
apPIGRIER (SREITOT ST REn PR e VB b rHALje APt appyied with some
succé@&@rﬁééuéb Shﬁahé\%&sﬂ"me I@@él% cﬁ'd’?ﬁ@n@@ﬁﬁl é&ﬂ@! %ﬁdé}f élds of
cl eanly exposed and on the surface of the substrate.

rlbbompé@tnd@i bphese pieeadugsiantysieniar cneamrngatetrua@r%tgh as oxides

(@O, ShORSRRT SoB Inehr GOy BockSe Rl el €8s 2ns), gitrice

(GaN) Agad Selcit (US4, EnSal B, 5at § ard- towver anabeste Bysonéhst,
the supstrate, these steps are repeated as

appraskies deairetyion te ithegraphic BrareRsing ©f floR a¢tacas Gfrigraiconductor
wafe@fécrf]db?r% wefllBAEBIQ @tﬁu&ﬂ?&és@@% dbﬁéf %r{?‘g@tHé' 69@3 aﬂﬁﬂﬂgaéréds doping

ops or ancnorin one r

leveld. a‘mse(rﬁembdfs ican&brrh ary@hbrarws Eubtssnancl sibbons swithrtHicknesses in the
The release is referred to..a

. 3B).. "
MICTORKILE SNFRGMALIST B Ffe (COMRSeAR %ué@‘gg"@y@m&' gﬁé'%e Gahs, GaN,
and dtl@ér%”aﬂlz FSHﬁ@rnsfér‘ép%ﬁ&fﬁhPF c%gsé@ééﬁ trahb Rl thdle &8

ayers are renoved rel ease or separatlon of t e
orgartimd sEray$idp e sybsiratéscior degiceviategrdtion. dxianjide doiy” approach

racture,of . tethering structures an etrieval _usin .
nas tiyeahaldisesvtages Cmparet ohE bufuh fsehhichéd £ Bments with
width§ i &sthah JmmYmWethﬁculﬁfcﬁfa@rlcSieC dustte pPAGR@NBHitAtons in the

posts for repeating the "one-layer-at-a-tine rel ease

lithogpaitie SEcopdsonly tmrps:g m@Byriais that capragpaiown indhinfijet erabwk wafer

form é?ﬁ Rﬁ‘?{s%‘afi é@ | grﬂ; sw@'ﬁf %gy%&gﬁérﬂféﬁ%llcé?gm Z[ﬁgg%gﬁctlon of

bulk §leatities oam@rrodﬁn@gowuéthfesorrqueé§ |&rge Inunetskri b Wa@ers2éach of which
are shown in FIGs 3C-E. The details of the process ar

can bgsexnginsigs Tha fissiisisadiaantagyishrglevanzonbeapay aBp'dﬁﬁt'@@§ that do
o YRR B Py o o
applyetbcmaﬁ’}nen;smdm’(trmaterlaw wtnhmpmgasﬂmeat'éluis ;Example @regents hesults that
ne - 200 .
et BEERE infpton i Reliie T dlanUGES & St ATenGe i generating
large HERRSErE! 'o@ﬂl LqGRity @?Fh@bor% Wmtrﬁ’ékﬁe%eé BbGASS t of nanometers,

functional "1 ayers. k portion of surface o
from st@pmderd baliesi wafers m amrlg}e lprmw@mue@@emeeﬂy;ahe approach

. Vapgr i tion D and, an r m of

Deging g R kA SR L IR G O OHOTOFghy [TBGUE it etch mask
to proticedrdrchas/\itHolvam-aefihed fppledf 88w aIP nfoRpRolehREaAG®Ilimated flux of

into the first Alog GaocwAs sacrificial |ayer. Deposit
metalgdeposited at an angle onto these ripples creates isolate metal lines that act as
masks for highly anisotropic wet etching of the silicon along planes parallel to the
surface of the wafer. This single etching step creates bulk quantities of silicon ribbons in
multilayer stacked geometries. These ribbons can be removed from the wafer and
solution cast or dry transfer printed onto desired substrates, with or without preserving
their lithographically defined spatial order, for integration into devices such as
transistors. This approach relies only on standard cleanroom processing equipment. As

a result, it can be useful to researchers with interest in silicon micro-/nanostructures but
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conformal coating of silicon nitride by | ow pressure

chem cal vapor deposition. Pattern the silicon
woRaosiosks37 f or exanpl e by phot ol i thography and BCT/OBE2097/079070

using a fluorine plasm, to deflne Iateral etch stops

withoBDHeEpeiahet! Swﬂpéﬁ bEPPAREr é@%ecrbﬁte them in large

concentrate to at east part |aIy renove t
quanttigeossidg sizeci $ynthetic teahpiquesne) and rel ease the
epi l ayers above the sacrificial |ayer (functional

100134t 25,5 ERE s L SRS 1l dd L ofheldiadBimaquence. I the
first s'f@é @ryftﬁb%ﬁldlbx%%%ntaft‘q 18800 for 2irRbrddRes a)thﬁﬁmrs@trﬁm layer of
he rel eased FMEDs from substrate by stanping or

SiO2 erolthaaaturfmobﬂ'igewafer Aftariadiating sweadilggiar piomoteest1 ,1 ,1 ,3,3,3-

nexafNgliioiffz P e MOHST P Srais)s Pemarl madeird Oigaderpny (Shipley
1805fdh%%rb§i§t PRESRd ME-DERRIE eldpRrFldlbhes HfV ddridfing at 110 °C for 5 min
/rub away any remaining portions of the overlying

prowcﬂedthi’I%MMSkereta@lelmsg( raadhdiered oxidewrichardy BQi, clrpnsene Co.)
f uorl e pl asnma _a

solutP1ige | sHaRd %580 Sertis Tl s 8L eLPRANS <l aeig Sted nes of si0,

on théWéﬁ%%etllh@sfﬁré\ﬁéeéﬂ#‘efékfdgclla?érs' @Yﬁfdu@h@el?'c%@ﬁle\d plasma
exposed and on the surface he substrate. Re

reactlyeegrg et;&mg;@ﬁtmasgImmg(SﬁF@l@ﬁRi%@'{}&MeamMuﬁ@ex dvanced Silicon

etondr RS AR IO TR refiEidalld o pB R0l dldtths ahowp in Figure
25, su&?tr%lt' éﬂbﬁ/en?B?%%éﬂcﬁ;@ét@n%hé@@ﬁaéﬁhustr 110} planes. ICPRIE

desired. [ 001 : schematic | ns o
tools pos prinépelisdesigeed tmptoctmfcefmgfwspeml ratlaytrustwms and flat, vertical

sidevills i oAy R UTREGIEE oPEch MG bR DicoBiand Siraiana
quordﬂ)%%ﬁﬁérbl%dprbfboﬂr@ s@@waTQ @Péfhtst the btehi "W OhsBEHd vabified the

'ayers, often self-assenb monol ayers (SAMB), serve
process czwlﬂsdoa@hb% weh-¢troded rlp@l@b@é@ﬂh@equeb@fdnto these sidewalls,

throulElpKE ok 61.3a¢ A ira, siicBRl wiydroehiRPR! Eressurey and

etchis® afcl @ duedtiodNt Rippldsewith peliess @ﬁarampsmur@és in a range of 80 nm to 1.5
nanoparticles, biological entities, etc.). An exan&;‘n
um agg 59-450pRnTespaskivel, eold @e@cé&vaﬂmprwlblm apd@initegmly over the

procei3fn HeaP P Inf el 428° s g ekmBleo paRamelsht T Paguped periods

and e@hd)mﬂdé@opsmﬁﬁd aBoMmgaesEedtumy weare amwb @és fl@\ﬁ 0O,/SFg=
Al GaAs rel ease | ayer an et hanolic sol ution of

137138 3690 ECUliG eeNtiraeter pef éTan@I AR R Teagtahing,aed Gabs £ridQrscem for
depo%rgﬁ etg%j:{?&‘éﬁr%@s%@rﬂﬁ'ﬁﬁrg phrrggéoﬁgtg 'r6'O§Z(1 aé:n%vl 12)? indJUti%e coupled

beé "an a
plasrﬂiua(d@d%aqm&ehNPQIdepmsﬂwnngéruGOOMNem HCRANedtthing duFation, 7 s;
i vation, t hi oLma be. term nated additi.o nallé/ ,
depogyop dyratione 5&1§'m%%tp 5o ltiongoetwaap (e eposmon cyCles define

these¥GhHE SHLERISS .- Because the SFe/O.mixture gives nearly isotropic etching, the
amplitudes and periods of the ripples are related. The smallest ripple structure has a
period of 80 nm with an amplitude of 50 nm; the largest has a period of 1.5 xm and an
amplitude of 450 nm. Immersing the etched samples in NH,OH/H,0O,/H,O = 1:1:5 at 100
°C for 10 min removed the fluoropolymer on the sidewalls. Dipping the sample in a BOE
solution for 2 min followed by rinsing in deionized water removed the residual SiO;layer.

Next, angled electron beam evaporation (15° from the normal axis of a wafer) of Cr/Au
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[001 14] FIGs. 35 and 36 provide a further exanple of
an anchoring strategy that further inproves generation
w@R008103683T er abl e structures that break from ane¢DUB2997/079070
structures at well-defined positions, such as by a
(3/47%%99%%%%@@%& ﬂﬁeég)hZ&%QVet@ﬁ ng?] ksﬁfrl@n@'ﬂ% lower; but not
In particular, the vant of t et er ogeneous
uppeareghand, of atb\oéthdmmnlgen@lwm simdowing @ssoeatpd Wwitly the2dyerhang

reiet i, BESpouafidh doale forhEe e SReREp i e ag e ABiROgPIc wet
cher’rﬁéa"ﬂl‘%%rﬁrﬁggmﬁ'ask(ﬁpbblhhdn (PSEY, t'['r?r'i‘seﬁéa@boulﬂo °C) removed Si

anchorin processes pr ovide noreé efficient ‘use

alongriate 18 udis¢ stiahe begieaingRatdlleeg@hssEeExpbsed 8l aforgi tbe$|dewalls. The
provi de a capablllt%1 to ensure that the transferable

etchn@ Fafel KE2H grangacther Jrih0s iRkanascirspueiyfaster. By wipde several hundred

rimesg e Rk PG R 10 ERbnesbeleloh B8 1 LBILO RS Rayp @ lower density

of ato??f@ﬁ'ﬁb PigHRe RS Ry bh@aﬁg{;’!ﬁ*@%éﬁ& fhah4Ré UH €3 lapegot As a result, this

un ercut by the agent renoves the sacrificial
etch prageeded semnphately fmm dne dideatieach tranclpm frer adjacerst side in a
| ust r at

direc@ﬁg%{qﬂﬁé&%%ggﬁ@%b?%q]u{é/%fqr r%r@y %e% /a9 ngulglﬁyérh Stacks of
mdw@ﬁé‘l'ﬁﬂb%n@fwﬁﬁ ﬁwlél{r%%tsw @eté?i‘rhrﬁh‘d byl the Hﬁ?lbb)évbgéfb‘-’ti@ﬂréﬁﬂ the ripple
gold nesh froma silicon wafer to plas

structun% (Igﬁ oRerierkand iestligyin). R@mvmgat’r@ GeAuivgiR aﬁl@z(@m $qigtion

7T A B eGP ML 83 B9 Toime an P

compieteg aké ﬁ?brh:)étldn sgbsicatdrereléAsocetie Niﬂm”rﬁaﬁldtﬂ)lutlon (e.g., CH30OH) to
manufacturing tinme and costs. For exanple, FIG 37 Is

prepayh thypnm fer cgstgg@ﬂop,;ly@’rs@s,tr@@qq”e wher e adj acent GaAs
| ayers are separated by A 09Ga0 iAs |ayers.

[001:1159I st6 |Iﬁéfé3|n§$eg‘?a§(%1r?Bﬁﬁ]e‘é’btéqerﬂaﬁf%%%’ 4&vie&d G |§r\‘/%lurable to

dr ogenper oxi tilayer mcrostruct'ures
maunhazattinemddhdigrapheqaily dgéned aligremenitsarslipasitiatse Aoy this purpose, we

ntroc OB B HAT - A2 AT ESoAS CIaipep SUPBRUDg rishas each riobon

rema 82%@ 845 e SR f%lr'é%h%%?gﬁn{ w8 Reply é%?@mﬁ&\’/\ﬁtﬂ KOH. Soft

ayers. Slm ar retriev |s expecte
prlntlm@mchnmmﬂs thayese bbastmyemc ekenezds o&pod'(d;memlsﬁshldmneb (PDMS) can

it PO R A i H1CB 2RSSt e ORRLAYRL & T, rom the
sou ro%t\hb'fé? Yo rardrisft t‘érb?ﬁbr@étt %Hﬂ%@@f P‘G@? @bher%aﬂicé‘ilymustfélés this

mn. The photoresist is strippeé th acetone
procefS@l howepliey tcadekibia plastiosabsttet Aeplmﬂge%l@@t pegasuse on the PDMS
iLth 49%dF .f or sec sing wth N2, . .
to enfbibebeladTivik ByoBe Y el ot Bt e b o Fprsiingt away
releadéd Libbbi arals Wlthtt%ﬂﬁ?wfﬁ'aﬁ%ﬂ#@ﬂc@rh@e&#%%m tosa third

used to check for t-overs .
Using small pressures allowed conformal contact but at the same time avoided

layer).
breaking and/or distorting the ribbons. In this approach, the ribbons adhere to the PDMS
through van der Waals interactions that are, as integrated along the lengths of the
ribbons, sufficiently strong to fracture the ribbon anchors upon peelback. Contacting the
Si ribbon-coated stamps to a substrate (thickness = 0.2 mm, PET, -Delta Technologies)
with a thin, spin cast adhesive layer (thickness = 135 nm, SU-8, Microchem) and heating
at 70 °C for 1 min produced strong bonding between the ribbons and the substrate.
Peeling away the PDMS removed the ribbons from the PDMS. Flood exposing the

adhesive (photopolymer) layer to ultraviolet light (1 = 365 nm, 13 mW/cm?, 10 s) and
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FIG 39 provides an optical imge of a GaAs | ayer

exfoliated fromthe nultilayer donor substrate on the
wagroBas@s3Df a PDMS stanp. These | ayers are reabl§T/ii82007/079070

printing to device substrate or to a conponent or a

- LRake. . e
furthd HeiRg 20y Cep gning PifiarcR REPaRich betdch (R4TBbLRs Fho the
substratervBiltigte \datles of triaB6fkr pBhtifd Mﬂth@(@uﬁgleewdmtceaofaﬂobbns can

strateg z for producing bul k quantities of g
prOstﬁ%!ﬁr&ey redi Qﬁyﬁgag;?ng}qr@?paj ROfQ e Wiy Qnd?r'@/%ttca s d|ysiraggd in Fig.
17 opbgkﬁsu tggnohbbons from bul k silicon ( 1 11)

"“wafers. e process uses etched trenches with

controlled rippled structures defined on the

[00122] denig. 126, showgesdanning ellecbmglrreidros@aper(SEl\/bdmgem i Pig 11)

i d t . et f th
watel (ST BE RAVOR! L0 3B ek voratls Ben el {4 FrogRss dlarated in
Fig. 257 T%“t‘ﬁ%és@ékd i Eﬁé‘fh@ér?r@ﬁlé?t%'dr&c@ﬁlh@ggté\l\g?gggéorﬁlﬁg to parts g

across the entire surface of
and erfoE]gnQGy\were 160 cktesse s ubpreleesed ebisordadh tmdkresbsesfof 80 + 15

anonet er wdths in th et
m, QUGS ias e i g KoBheichate The BRENEpoHaEaity iy excellent
in a dN‘élH‘m‘HlH drisk aﬁ‘%él ad Bb%s@@tﬁ’é QAR e?&é@tfbf‘ﬁhe top most ribbon

processes ena ayer y ayer trans er of
whucmlsmmnewkiatdhrrm (brj ~sk0cnm m thisocase)dhan trengieos doe hea slight

unaeftiGf kRRGRRIE Seaf fE SIOfBiprRe SRS aralis pBR st e riobons are

umfortrﬁ%ﬁt‘ﬁlr{ hRBARGoM Bf LN2® nf’d bﬂhb&%ﬁvérﬁtﬂﬂﬁdl ehbRfet hiygeed on

p astic substrates t here nnnstratlng one
photghitiiagynaplay. Farrelajscréng@ pf tmeitnesses [Widihsl&f 345amnsamd1 tangttesjup to

el enents of sin Ie crystal sjlicon, in the for
Sever\ﬁl' pertimeteps,dhs I QHBS ﬁyé(f E‘?‘b‘FC&@pSﬁH@O&OHFQﬁté‘Y'@S‘?”Q BPOthr during

the K%Ec{hgﬁ tﬁﬂBP!He?%ér%%ngB\efén)‘?Eﬁaﬁr‘%thBy changTe of the %rgﬂltudes and

roni cs, sensin er areas
periogeoﬁﬁter ydewail nrppietsat’rtlclfrmsseebebmeerdéo mds%@emamelld be achieved,
surfaces. for

o ACEsRS BEre RE AP TS Bt PETESSEn ' Jubig] abons define the

smalleBethickaRs§éd tHait eBhIbe 5dH|<13véd"|‘?3l|§!9m1‘iﬁEﬁheé@gf'aﬂﬁt‘ior‘@c have four main
transistors. G owh techniques related to

souroesl The divstltypeate dhe noughinesg winibeiasdgesmfdae ﬁ:@@z meslss apd on the

iopledl i S BRI BRR b A e B nERAo R 0k Thye. orai

structliréeNBicon®)le e0apoRite@ Nty mbsis €dn cabdwsimilRk effededFburth, slight
t hese procedures and simlar ones for materials such

misalignnesdte @ tqqlﬁﬁ’R@eﬁ:he@mhesmthq ap (1 0;ianesrpay,
ororfi il po18E8 S Gt AN B OB it boncor
also 1B¥d ¢@Nhfiasdns. " These factors place practical bounds on the smallest reliably
achievable ribbon thickness at ~80 nm, with the procedures described here. Widths as
small as ~1 um are possible using a standard contact mode photolithography tool.
Combined improvements in the lithography (e.g., use of electron beam or imprint
lithography), etching (e.g., temperature controlled ICPRIE), and deposition (e.g., smaller
grain sizes in the metal resist lines) could substantially (i.e., by two times or more)
reduce these minimum dimensions. The other limit associated with this process is on
the ratio of width to thickness; ratios larger than ~60 are difficult to achieve, due to

aspects associated with the KOH etching, such as its finite degree of anisotropy as well
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approaches that rely on the |ithographic processing of
top surfaces of sem conductor wafers enable
wowedoBs@sBT rol | ed t hi cknesses, wi dths, | engths, PCT/ys1oat/079070
unity, and doping |evels. These nmethods can form
as mé‘@ﬁg?'l EH12011ad 3865t eHMbons RIS d%h%ét%?%ﬁ‘%%?ﬁét%! MRatkfines
roneter to nanometer range, conposed of Si, SiCe,
beforb|doaypéeted1r$le’r8utee GaAs, N, and others. 7 12
Furt hernore, various processes can transfer these

1001215 BB A2 RO e 8¢ B fsasihhi lseBied LT SalhBen onto o
glassrgiids, éftéﬂ@wsﬁr@ﬂfem%ﬁﬁmdwmrbp%o@m%h Te& DRifEMESy in the
First, elements with widths less than - 100 nm are

widthaiangli lengthstas thegs tibkans, isdigh (\@r@tlam tH20 nmm The ~6ns10°ribbons

(thickERRS B35} i WA od it AT IBPOTT £ ape. ST B WS collected
f

R R i e

0.16 mgc Expenmensd| datd suggsesteluml goating me}prduesbelpstods many as 10

h ich ca ensi ve. The
layergy WiV abVING § BrElesaluR e {*foemﬁ%weéﬂﬁy pestBlondn this case, a

smglédpﬂicegglnﬁcgeq%%gb'%élglgﬁhé 55} WoER déﬁéf? B 92 rsny'@lJ rllbtions It is important

nmensi ons oes not apply
to noteay thismpase, ahat Iaegeeswtﬁteates rexjwidi sane ichires mmrd@htcsachleve uniform

depoffiaf BB 67 fifk Seldiienidnd [ers e Sopiear avddrsiox system, such as

the ofBLSEY féﬂhe%%kﬂéé‘rtﬁ&técﬁh@%o%l%r% Al ddposiioAtMdidy ard 0.72°,

ri bbons, with th nesses wn to tens of nanongeters,
1.36°f ancd1St8trfdasabdirdte dBmeirs 088, 15, ands1 5@ hen prespestivety Increasing

sequence. Briefly, the proach begins with controll ed
the digtateerkatweendne §ﬁu"e,ctec¢ﬂ£§%?tr%¢,l q’%%ﬁ%ﬁ?%h’é rBS@‘i@bE?n

strate‘ri;ﬁéé‘ﬁldéﬁsrggge ef%‘éqfeﬁlahb Q%D8§ta\%lél vvel | - def i ned

m)rpho ogl es. ol limated flux of
nmetal deposited at an angle onto these ripples creates
[00124]0| Bhedighelese! ofidisgrdenpressot inabiemibionsfshown |grﬁ|g 27 highlights

the nBG 57 pEREYE wiie Slre el Gprails Ruyia i tof p8Vge fryBffEtion. e
anch@rﬁﬁ%bﬁﬁreﬁbﬁml@t@@écﬁm Figufe A7a@biddePss e PoksiBMEY, in which the
ons in multilayer stacked geonetries. These

lithograpieally definegealigament @nprasipntationefftee rivhens @raMmaintained
througnﬁél%t e fgl.r)r)(%attfoﬁnaﬁﬂfoelht bpér??ﬁog%%%gl | ﬁygér t %{I‘bglz:ﬁt rﬁégeess of a Si chip

rese

(total%&t@ﬂeglzép&w &knrﬁ?)dﬁth alfgh”ed folEgHyRré® Btack @f ﬁabbﬁse@wudth 4 um,
such as transistors. This approach relies only on

lengtls Eatfifhpah, mlemmm%@@es)sanmomtqamnﬂafe%t theiregnds. ,The optical

micrograis 6hF i SR8 SIMos By 0 TS B b BBl NBIectoh micrographs
oTEE Vs 1902 e A e R e
the (1160 limeqtias,.but the front terminates at {111} planes (i.e., slowest etching plane),
as seen in Fig. 28e where the structure tapers into triangular-shaped anchors that meet
at a point where two {111} planes intersect. Soft printing processes can transfer these
ribbons, one layer at a time, onto other substrates, using the procedures of Fig. 17. Fig.
29a shows an example of Si ribbon arrays (thickness = 235 nm, width = 4.8 um, length
=190 m) transferred from the top layer onto a PDMS substrate. The thickness
variations arising from previously mentioned factors appear as color variations in the

optical image of Fig. 29a, tapered thickness profiles in Fig. 29b, and discontinuities
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[00120] Figure 25 presents a schematic illustration of
the fabrication sequence. In the first step, dry

w0 bh@ssds3pxi dati on at 1100 OC for 2 h producedpP&r/ukion7/079070
(-1 50 nm layer of SiO20On the surface of the wafer.

when%b‘?’fbb% éta‘ré‘geﬁgzang@é %\/é}rtﬂgﬁt@rmmé "Thie atofic ?or%e?mlcroscopy

hexanmet Acros Organi cs cont
(AFMYudege neved|$ et epegaingted Sepd @y t&rzB%eqol\mtmln@ghStof(thfp 10 nm) on

the sggacas of (he sioBoT ol o SBHErR QUONBES & a1 Tt that do not
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s and eaning the res acet
thesegeiaps abiadlar strastuoés Saw@ been lbbserkdran thecsafdcesad Si(111) wafers

etonedSEkOFE TR S usRsouns puh Ve utisTRobe oBGE hages.
The r¥a§6nd44 Vdigk ox oANRNs %Gr’r%vJIHé% thTf &8 that dhre tbF%llshed surface

wefe oriented perpendicular to 110) direction as
of theswatan (01 2mrguras spectuses penerated fremsa @ér@amcm -igsuliakey (SOI)

subs{aigRd0 1P TRF R FEPBIS ebfen Mo BB Rl ey apiauarer 05

nm). Tl'ﬁélr@ugﬁrfésstorrgﬁ?@té@fﬂrofnh e saraetdffeadts hiat aerimindtheuaRiations in
of alternating cycles of etching the silicon and

thicknggsoap diseyisae P[@ﬁ@ﬂﬁi}/ y%@krt%SM%EQQBS glengsyaisablipaons were

153 (o lonG MR v RRPERABEHFS 2o P AR v -~

nm. Fi?' 29¢ displaystbes sredisdswillos, arfdisTbEMed bt D | TED-OBIE0PET
0

as flow rate, electrode power, chanber pressure
substsatg ut four pycles of @”G‘lﬁ‘gatqsdﬂg aRing® BEOGRISERd S abefs Thgaields on the

prunte%‘%ﬂ&dé%éréé‘a 3 foPRCHS lg@ %‘Porg}hé SELA ;&9 6‘85% % for the third

respectively, eve repro ucl

Iayer wmd @4% for Mfowﬂhﬁaperod’ae%%ayle&isfo(rme ft)uruoalbger waz er)alnly due to
exa g araneters that produced perl ods and

'mperéﬁ'fﬂtracrl%%r Qﬂf‘ ‘e waleiaio86 RIS lgaserleledrgnsigriramaan upper layer
Ier:tve%girt;:’trﬁﬂ{@t détaéndd AbhoiLbS A qus)@/ thattars Eﬁé?fér‘é%'tk%%géseguent

er per mnute a for etching and
printiid 0ycleem f or deposition; gas pressure, 94 mlorr;

et chi ng power, 600/1 2 Wfor inductive coupl ed pl asma

10014 BP0 on BB HIA 2 B BB i Lo, we
fabricgt&digie éT%ﬂtrbh@@ﬁ)rQ?ng‘BOatﬁ)eTﬁéBgﬁsﬁrét@ﬂ/\/zﬁé/% Igﬁmde (PI,
define these ripple structures. Because the

thickngsst 1128 g\ & gelerélgclreda wapil/Ad éthiquess Fe3/40pim ) ageshe gate

celof. BB LR A o RSB Bl 480 Bl ARG BB ESbnesive
coatlrt'r’g”fﬁbhi heeprotedReBBf Fige17 arHiesandiaged NeibbeH ffa g% .Sankm
and an anplitude of 450 nm |mrersing the etche

appraxdmpieds 3 Mot e-2C28 Heaving . nesidiait! 09gun of SU-8 between the

bottom surface of the Si ribbons and the SiO, gate dielectric, as measured by AFM.
Thick electrode pads (Ti, 250 nm) defined by photolithography (100 x#m length x 100 zm
width, spanning 10 Si ribbons) and wet etching with Ti etchant (TFTN, Transene Co.)
formed Schottky barrier contacts for the source and drain. These bottom-gate devices
showed n-type enhancement mode gate modulation (Fig. 30c,d), consistent with similar
devices formed on SOl wafers using similar processing conditions. The transistors
exhibited on/off ratios of ~3 x 10*. The linear regime, per ribbon mobilities (fill factor
35%) correspond to 190 cm? V' s™"for the first layer and 130 cm?V's™ for the second

layer. These values are somewhat lower than those that we have obtained using SOI
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OC for 10 m n renoved the fluoropolynmer on the
sidewal | s. Dipping the sanple in a BOE solution for 2
worRewsiHadsBowed by rinsing in deionized water rePCUES2001@79070
residual SiO2 |ayer. Next, angled electron beam
\V} 811
wafe%?%?tﬁ}eb@@g%rﬁ@arf ﬁqw&éﬁéc Eﬁc’é@élﬁg dst%?‘éux ?/g?% g@%lﬁgés th%lft the larger
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et chi ng wi sol ution (PSE- Transene oy
the value S@El)lflfﬁaﬂ’ﬂlyved S| al ong the ( 110) direction,
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de t r -
1001251 ESrimal i PRl es o i BPR, Bt vimigoy for
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(111)gusiers- >Ea(9h lauergnithg nbgHigyet siarks REoduced Dy tb!sa@%goaqq can be
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ein a
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devicERbEmonaLATY il dhEskena e HiEadreBlel Reotisg dauice possivilties
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Renovi n uwthaK/12(a
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[00127]° bf Qt[?infgfoig?é‘p@f@%"r%y ﬁ?é‘g% ASGHANG 1D RRA: %?éQCPRlE
conditih® aﬂtlfwrcoﬁumbhbbeﬁs witbifddenT thidlaiskes ahe exte_nt of shadowing
integration of these elenents into devices,

maskg armee fareiagron aea]mt%ppratiqm@gﬂéﬁveeéweyea&l:r%@ans and

speciy FBATE LN RIGARP b afiive SifotirSesoPEP8T Budliars provided in Figs
31-34&uch that the ends of each ribbon remain anchored to

the Si wafer even after conplete undercut etching with
i nting techniques that use el astoneric

Wmﬂﬁ%@ﬁf%“% fiol y(di met hyl si | oxane) (PDMVB) can lift up

organi zed arrays of such anchored Si ribbons, 7'15 one

[001293Y €(1)34) W ddgne®, RfSOIIEIItshWS@UAﬁpI wwygrLét@mgewanssgr(bl) ®olmes, J.
a target substrate. Fig. 17 schematically illustrates

D; JQhﬂSéOFbrK)d%sE)O%sR aCprp&ﬁ"tB A 5?@1@09?8091 88¢it71.(c) Yu, J.-Y ;
ChungH 854 a%atrﬁpﬁ'%{‘%@% ERLa AR, A 0011884 VWA % ; Yang, P u.

habl e’ cont act ogreSS|ve V'l owe

Am. Chgrar Soan2001i 123, 3168e(e) Wgu, Y. ; &eay R e @ap & Neizfabbett 2002 2, 83.
arrays with the hi ghest transfer efficiencies (>~90

() ShiypVt-5- Pemg.rtd Yaﬂﬂﬁf‘g Y5FudVaga.SNaiShapge bst-eB28) Zo%d'—ee C.-
S.; L& OF TR 0Bk Chodl 1 224 3hBEGFHE, VI Warty V. Oshg, C.; Lu, W.;

Lieber, C. M. Nature 2004, 430, 61. (h) Lu, W.; Xiang, J.; Timko, B. P.; Wu, Y_; Lieber,
C. M. Proc. Natl. Acad. Sci. U.S.A. 2005, 102, 10046. (i) Xiang, J.; Lu, W.; Hu, Y.; Wu,
Y.; Yan, H.; Lieber, C. M. Nature 2006, 441, 489.

[00130] (2) (a) Shi, W.; Peng H.; Wang, N,; Li, C. P.; Xu, L,; Lee, C. S.; Kalish, R.;
Lee, S.-T. J. Am. Chem. Soc. 2001, 123, 11095. (b) Zhang, R.-Q.; Lifshitz, Y.; Lee, S.-T.
AdV. Mater. 2003, 15, 635. (c) Shan, Y.; Kalkan, A. K.; Peng, C.-Y.; Fonash, S. J. Nano

Lett. 2004, 4, 2085.
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breaki ng and/or distorting the ribbons. In this
approach, the ribbons adhere to the PDVS through van
w@lerosM&®sBE | nteractions that are, as integratePlCHUSIIG7/079070
the Il engths of the ribbons, sufficiently strong to
actyr, [ aprC por 0 eehi : t4 i
001f12CKE) BB 2! ADDeRTCOrALHEOR DEGLEAEk 20691ATL IR (o)L ¥
B.; Bandn,?. rrSathE[T,, Kuashtnaa Tléohmrzll Bhysd)etini2002a81 h144. (spAmold, M. S;

Avoum,cm%d ﬁd% |Z§121h Bzf.’b%%&ﬁ?? 1%? %@80@@ Dai, Z.R;

Pan, zt V\pnwéﬂfyﬂtz 'IngbP ecahé,hesrzd@hzomgeam t(E?V\ﬁéﬂb% {]Wafhg, S.; Ding,

Peel i n renoved e r| bbons fromt

Y.; WeDgsZ. gl H@cﬂlgeﬁpdsPhjgst@l@emdﬁéﬁoﬁewghﬁb\ﬁfr{ﬁlm% Nay¥fang, Z. L.
365 13 n2, 10
Sohdt&ﬁa&&{;ﬁ@ﬁ%?&“ ng % 20 0C, Snm n) enha(r:med theS)

adhesi on between the ri bbons and the substrate.
[00132]I t{4)l(@) Kyl sSefpatir BnSatyanmr Pnvi;rohaudHura Ssiunghgs. Chem. B
waf er source of ri bbons ca\l\groduce | arge_area

2005ca%r1§g1@4( (K Sob CORHAEISH ekl Ghieat B 20085110, 4542. (c) Kar,
S.; cih_% gd’rﬁg ﬂPh%FCBemlbz 5,9103eh268 F@i[?t\ﬁs%%%ﬂ/’?}%%]en, Y. Y

hows”scanni ng e ectron m croscope
ZapiemdgAs Lca‘e &.3i. L Phy}. Ghémr B(200€, 40, 6789.,(ehZhapeg, Z1Wang, J.;

voart B 95 AT OU8ndL 255 ¥ IR SFSER bR BB, X Mo,

S zr%@%ssoegssy@%gscehémsmmgobowmS( g . Qf Gong,J F.:
26, were nm Ful rel ease rib

I g
Duant di Bk ridsangs HbfB.g¥ang 55 ntw; 4hae, t>Q; NexZanp R erloé(uMé A/@pl Phys.

The thickness uniformty is excellent
Lett ?Q&%%_'\pgﬁqﬂ%tl | ayer stack, as well as across the
waf er, except for the top nost ribbon which is

[00133]rre(5)$aet,|$ iMeBed . W.1RarkUi; ivany, $1.cRak) Jt Bandehs. Y. Appl.
thers due to a slight undercut in the | CPRIE bel ow
Physm%t@(@z Rdsk26.The engths and widths of the ribbons
are uniformw thin a variation of 120 nm usi ng

[oowﬁnv@g??ml ccqm‘n Ct( WSSreO'EPI\g)dnTghRgfwehﬁ ) IrJ t/RhSChem Soc.

t hi cknes w dt hs
20041 bZ@;eK%r &) Dingt YmaMer e, WhegrZ UboﬁnéVdetaﬂdO%HIGapi’éO (c) Joo,

3. Sl B RGN Sr B ook by hder: 0. @S Skge208, (. 5632. ()

Zhan? I1rt LI';‘S‘Q% and ipezr i esén@fvtmewcﬂemm swm\m Phys. Lett. 2004,
hi cknesses bet ween 300 'nm coul'd be achi eved,

84, 2041 f(6) Migy Qs <. ,t$féaQ\dV|eﬂ<0ﬂDhé VLIVt i@aB, Ynd. Cryst. Growth

t bl ses of individual ribbons define the snall est
2003t2$%§ﬁg§ses that can be achieved reliability. These

vari ati ons have four main sources. The first two are

[00135]e ﬁqmghwleaardqrEthee gk sKhéing he.-9i; (DHerzasRs GamRogers J. A. Appl.
ed sidewalls, both of mhlch di rect

Physt k%ﬁs@‘f@e 8Anp39% Hbe Menesd.fas NuzzenB. GTrR%erSg# ahr PPl Phys. Lett
2005, 86, 093507. (c) Zhu, Z.-T.; Menard, E.; Hurley, K.; Nuzzo, R. G.; Rogers, J. A.

Appl. Phys. Lett. 2005, 86, 133507. (d) Khang, D.-Y.; Jiang, H.; Huang, Y.; Rogers, J. A.
Science 2006, 311, 208. (e) Sun, Y.; Kumar, V.; Adesida, |.; Rogers, J. A. AdV. Mater.
2006, in press.

[00136] (8) (a) Zhang, P.; Tevaarwerk, E.; Park, B.-N.; Savage, D. E.; Celler, G. K;;
Knezevic, |.; Evans, P. G.; Eriksson, M. A.; Lagally, M. G. Nature 2006, 439, 703. (b)
Roberts, M. M.; Klein, L. J.; Savage, D. E.; Slinker, K. A.; Friesen, M.; Celler, G.;

Eriksson, M. A.; Lagally, M. G. Nat. Mater. 2006, 5, 388.
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structure in the angle evaporated netal masks can
cause simlar effects. Fourth, slight msalignnents of

w0 b@shsBRI E et ched trenches fromthe Si { 110}P@i/asme7/079070
and i nhonogeneities (i.e., local tenperature and

nc i in j b npaks .
(00137 RN EFHLEAY. T H¥hdE ROBMEN2 UellabBIDESLadehl . .
ShajipoN.;tQie, EimedllcksR.;rédirmahkl. . aldbj BvAblVeMaitdyb 2005 h1 € K2866s (b) Zhang,

t =80, nm with th rocequre escri bed, herg., Wdths
L RS Enirindther, B! fodibP SIS Bebnghaienndrger, C.
NancCiostt, 2006Mede3phot ol i t hogr aphy tool . Conbi ned

i mprovenents in the |lithography (e.g., use of electron

beam or i nBri nt_|ithogr aphybiE et chi ng (e. lgl , .
[00138&8 hpeli0af @k lBesaint r 81 IRanSf@ERPE);; KdigskedosNesat, Ae Hy. Rasi, G.; Tu,

: I, er Iy S -i tyad b ' 0 :

3 WY SPGB, -t i, BRI e s BVicds 19882, 13210 Brushan, B
Kasat, TesMguyeri, @iy .dMegpapoas,. M Thcrosystr Techmdl. 2004 di0a6e8.

with this process is on the ratio of wdth to

thic , ratios. | er _than -60_are_diffjcult t
(0013 VS Wnte B MEp BL I BeGch Lozl ¢ o . Appl. Phys.
Lett. 8068 g¥) 2134ph as its finite degree of anisotropy as
¢ vve??aa;&rrechani cal collapse of the ribbons and/or

del am nation of the netal mask |ines before conplete

[00140]deti@)(a) [€tenR . B+l YarteB2R.sVawBugn, &stWoderminalleebel. Nat.

Matel 293”2 SEE BN S b e Ehe s DP B 8oidngheléin v
DekkBnic.quas Waten 2008, i s3hs and | engths of these ribbons
is high (variation = 120 nm. The ~6 x 103 ri bbons

‘éthickness:ZSO nm width =3 nm_and length = ~ 1.5
[00144) |, (1 dCRE e Rudt-&J- Do PREN E850Pd i - dr@anitt 7 &t 20 German

: robhi I : i b § . ;
Pate S RO ) KT Pt Bl hata Lo st Sehgy 1+ Sonmiat
M. A.st &lecigpaheen. Sar d999up46,033% (op@easK .18, ; lPaypén,sA. Av d.h

. fers havi ] ter f up to 150 mmis readily
M/cro\gz%tg/fogpg; Iég/%f?ﬁ;@ggzﬁe%‘g singl e processi ng sequence
(Figure 25) would generate 32 ng of ribbons. It is

[00142]P0f1143104) MAdBAL Bl FuRdbRieht8E Mikdrdbrication: SRESPFLaY C: Boca
require some care in order to achieve uniform

Ratoridflosi997oRp Ag 187 (b} Chia, BeCal.rfehan RgN.aSies J.-Boeas.
AotuhR, BT 2 LA R BT PR Pl B BB p Blecn. syt

199928 A ES (8) Endelll 5. L-Mrorasch. Wicfodry. 198855 Ait(@) Kandall, D. L. Annu.
di anmeters of 8, 15, and 150 nm respectively.
ReV.|\Maieea3¢inhPth&. $7St ance bet ween the source and
substrate, or other easily inplenentabl e strategies,

n tihese i-atHt 0 t iRl hy 2 .
001431 (MRS LIERS 20127 KATBFP 88 R peb Ol v
AdesHiag l.; Ruzko gRI GgRagers, J. A. Nat. Mater. 2006, 5, 33.

[00144] (106) Carcia, S. P.; Bao, H.; Hines, M. A. Phys. ReV. Lett. 2004, 93, 166102.

[00145] (17) (a) Streetman, B. G.; Banerjee, S. Solid State Electronic Devices, 5th
ed.; Prentice Hall: Upper Saddle River, NJ, 2000; pp 274-275. (b) Razouk, R. R.; Deal,
B. E. J. Electrochem. Soc. 1979, 126, 1573. (c) Kato, Y.; Takao, H.; Sawada, K.; Ishida,
M. Jpn. J. Appl. Phys. 2004, 43, 6848.
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the need to achieve well-defined configurations
sui table for device integration. The anchoring
wappsoash7ill ustrated in Figure 17 represents BOEUS2007/079070
possibility, in which the |ithographically defined
ig i eptat f [ e
00 B e BE AR e L LI gat PP g7 Laia %,
60/8G%, 248 s's1./46D, gmvm 82328\ 1 ﬂmge’@bfand ’Sl/42h,6f54 (arethareby

mcor;Sq)rgie;é B)Sfefizer%ntg tgwngfgptno %&:{&Vﬂ%ﬂ %r]?t description.

t hi ckness = -250 nm anchored to the wafer at their

[oomgdSAu Féfér@melsctmough@waf@appﬁzfat.lﬁh gfor%&anﬂ@ﬁﬁteht do¥uments

bbons. The scanning el ectron nicrogra
lnC|UangHﬁSU@HtOthﬁénT&ddPﬁie@tSéﬁcﬁW|%Pdt§hp@‘leah@§p|(qafﬂgn publications;

unpuéﬁ{h ?Qatgﬁfe?ﬁ%?ﬁéﬁ%l ﬁﬂ% e—ﬁ%‘%’ afg?e Fggﬁfﬁg,ﬁc}%{ other source

matefial; @re hetedwestorpbedied @ypeforence ﬁéreﬂeﬁ*ﬂthleir éﬂtgetle%ﬁ@s though
where the structure tapers into triangul ar-shaped

indivigighoinsomeseleRdat relireAcp dorhe g QAR referante s aleast partially
not |drcphgléﬁé?ﬁ Rmthstﬂ[etdlé’abél}rbﬁﬁ S %ﬁﬁﬁéé?%no(?tﬂ' éiﬁﬂ@é% r%flé?é‘?ce that is

ons, one er at a tine
partiahlyiim@rtsIMemlearecchpelsatecﬂ bifirgferdnce &xappt Mherparmmynnconsstent

. ex le of Si ribbon arrays (thickness = 235 nm w dth
portion Sf{%eﬁﬁfr?%ﬁ‘@th = 190 mm) transferred fromthe top

| ayer onto a PDVS substrate. The thickness variations

[001458]' SiWHeré 'H?é‘f’té?ﬁ%\fb@h*ﬁiriéem&éﬂnﬁﬂ@é*s’f Wﬁsé{‘ﬁp@r&fco?rﬁ)rlsmg are
color variations in the optical inage of Fig.

used hgpeinetiheyidre kg desnierpEtedss ispeErying presagce of the stated features,

mteg?rlg\héfe?){s gﬁcnirb‘ﬁﬁﬁ?ﬁtgfh%?re[d t%b uf |8$trt§ %8@?’18% é@%yﬁ%séﬁa or addition

of oné R@forea Rt Ratrk! nseynT siepdcoinpbaeh0br HesupReseoM Sdparate
hei ghts of up to 10n on the surfaces of the

emedlfﬁﬁaﬁsof thﬂé“@ﬁ\t@a@éera&fgm%@@dotp ke ercompPassediwigds)n the terms
com@@é’\hg%’r '&Bhdr%% #dSr i e@' il Rie 'o?}tl?rc?alﬁ/ r{éﬁl&c‘éﬂ%ﬂ{ 8 terms,

nmin 'similar sl z areas t e these
analogfoepsn gRrmiraas e gt;roohsistirsy/benaistte)or tiaseistiag essehtialy

offcodi ek eeetliahi ot 1 BharcBy Bescis [Uhet asmar TR bt eg not

necef g?éoeilf@ﬁsﬁ/ ughness value of 0.6 nmis sonmewhat
er than that of the top polished surface of the

vvafer (0.12 nm, of structures generated froma -
[0014§m i Ebwrmntlne nasthsen(desIcyibed vg r@tf@@npe ta vanwg spegific and

ner fromthe to urfa
prefeflgp O BEnTy S et Pl eav b, T ReEE ¢ nfeitoa gt many
variafdiLand ntdmicacﬂlghgrm@yﬂse M‘eﬁﬁe\/\ﬁrhII@FémamlnmwtthlanK@%%&lt am® scope of
di scussed EreV|ousI . Thickness variations al ong

the inveptier| ItrwihBeraprasert toons efardinary akill ghthe art thvat composmons

et B QAR A VELPE AL, HA0FAS beBoB L B iner o
thosd spautfitatin descrifés beraﬁ]redatﬁ’IETE applied to the practice of the invention as
broadly disclosed herein without resort to undue experimentation. All art-known
functional equivalents of compositions, methods, devices, device elements, materials,
procedures and techniques described herein are intended to be encompassed by this
invention. Whenever a range is disclosed, all subranges and individual values are
intended to be encompassed as if separately set forth. This invention is not to be limited

by the embodiments disclosed, including any shown in the drawings or exemplified in
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substrate by four cycles of printing, using a single
processed Si wafer. The yields on the printed ribbons
wowers/ 09836 f or the first |ayer, 94% for the secpeUsS2007/079070

| ayer, 88% for the third layer, and 74%for the fourth

the sbé’c}iﬁéatloﬁhﬁlhl Were q{/&HB Wy, 61*’@xafn%1§tdthl|l%Yr%'hoW%%d% Yimitation.

ect rans er fron1the wafer to

The slqoperqﬁltm mmen&onsfsball bedimitad erndpby thayimkeaves
partially detached ribbons on the wafer that can
interfere with subsequent printing cycles. [00125] To
denonstrate one possi ble use of printed ribbon arrays
in electronics, we fabricated field effect transistors
(Fig. 30a,b). The substrate was polyimde (P,
thi ckness = 25 nm, the gate el ectrode was Cr/ Au
(thickness = 3/40 nnm), and the gate dielectric
consi sted of a layer of Siqg 2(thickness = 170 nn) and
the SU-8 adhesive coating fromthe procedures of Fig.
17. The transferred Si ribbon arrays sank
approximately 35 nminto the SU-8, |eaving a residua
100 nm of SU-8 between the bottom surface of the S
ri bbons and the SiQ2 gate dielectric, as neasured by
AFM Thick el ectrode pads (Ti, 250 nm defined by
phot ol i t hography ( 100 mm I ength x 100 nm w dt h,
spanning 10 Si ribbons) and wet etching with Ti
etchant (TFTN, Transene Co.) forned Schottky barrier
contacts for the source and drain. These bottomgate
devi ces showed n-type enhancenent node gate nodul ati on
(Fig. 30c,d), consistent with simlar devices forned
on SO wafers using simlar processing conditions. The
transi stors exhibited on/off ratios of ~3 x 104. The
linear reginme, per ribbon nobilities (fill factor 35%
correspond to 190 cnm2V 1 s 1 for the first layer and
130 cnkV 1 s 1 for the second |layer. These val ues are
somewhat | ower than those that we have obtained using
SO waf ers and otherwi se sim | ar device processing
steps. 7'1 1We specul ate that the | arger roughness in
the ribbons used here is partly a cause of this
difference. Also, it is wellknown that the interface
charge density on the ( 1 11) plane is al nost 10 tines
| arger than that on the ( 100) plane for the Si-SiO 2
interface; annealing in hydrogen can reduce the val ue
significantly. 17 [00126] In summary, this Exanple
denonstrates a sinple fabrication strategy for
produci ng bul k quantities of single-crystal silicon
m cr o-/ nanohbbons frombulk silicon ( 1 11) wafers.
Each layer in the nmultilayer stacks produced by this
approach can be



separately transfer printed onto other substrates, for

integration into devices such as transistors. The
wa@Rooplodesdty of the procedures, the ability to PCI/IS2007/079070

organi zed arrays for devices, the high quality of the

Tabl OSSFD’?#'?'P@% Lo §§*'S'§n§€¢hfrﬂ%ﬁ§ [ RS,

narh |r‘c iaddlflnn to oleoctronic

Functi&nja[iﬁdﬂejrhs a‘fﬁczapla)tee nt i alunaeaduugedior thbsicdwpe of

nnnnnnn roon v hih s L ON127] Dhlnt A ~v A~y Ao

I I LEAAYA NI LA A4 L] = LUUJ.L'J LI} CUITIT ol UUI MHIIQ

abom y aA’ﬁlSJ devval | s according to diffefent STS-I1CPRIH
thco Oﬁséfo Oplggsgmd silicon nanfpri bbons with|different

about I@ 1eRses, [Aihe, axtent of ushatem RQ, MBSKpY shodRdlgS
SiGe, £1Dhe &Iuefd BON |[RAAMAMARRKAS F10Be 18Rk BEY ePrdidY. 8l (@fhsiSrs,
assortell mb%@a&y@m“ spacdra from avipbAXeresgy diospercsipeodiodes,
above Spaisiageadpy [(IEDE)Skssi0dy afteh pr ovi ded i patepgds 3d.- 34.

or amofpB@E28urRébef ences [ 00129] ( ) (a) Wagner, R S.;
emomplepy ogpoupd  C. [Appl . Phys. Lett. 1964, 4,[89. (b)
semicopfiicask 1 D] Johnston P Doty C . Korgel

Same &abofe  SCI enC(DrgeQLQQ)olylg§7 Sa]me aXabochhung,
Gaas (d) Wi, Y. ; LNy <3 < Dy lAql@bL&fNaOﬁQDN) QlQe]as ab01¢23, 3

165 (A ML HUTO enémp,lantﬁié N aRe Nafrotett—2002 2

165—(e )W Hg—F Lett+—2002—2-
83. (f) Shi, - Peng, Warrh{strongzeheemgs Y.-F.; Vang,
nGaARY ;  Shang, N.SJG, Pan Z. - frse (TMedL, KOH,  [Spme ap phwye S - T,
AdV. lvater 2000, 12, 1343F{g) Wi, Y.:| Xi ang, J.:
.G lﬁnfq < bmlljt W Li eber C. M Nature R004, 430, 6 1.
0.05) ( ) E{J V\7 Qnﬁm/gs J.; Tink6H®@; HP, ;  WijSan as atioieber
C M Proc atl  Acad Sc US A 200k 102 10046
(i) Xiang, JJ; Lu, W; Hu,[Y.; Wi, Y.; |[van, H.;
ALGa LAeReRbou 9)M|GaNat ur e 2006, %mm}d; 485 [ BOd30Iol2) (a)
Shi, W; Peng H.; V\ang, N Qi ¢ P; Xu L.;: Lee, C

C : |/-3| L oln : Laoao I 1 I\m f‘hr\m cac 2001

L=~ T \-an TOTIT A —4~a~a L=~ A~

123 11095 (b) Zhang, R-Q; Lifshitz, Y.; Lee, S -T.
AdV. Mater. 2003, 15, 635. (c) Shan, Y. ; Kal kan, A
Table 2: Fejmctiﬁn\al;layelrasdm@sitioﬂansetmt in predlucing LEDs (see
FIG. 2\;@2 [00131] (3) (a) Pan, Z. W; Dai, Z R; Wang, Z
Ci ence 2001 , 291 , 1947 (b) L|, Y. B.; Bando,

ot o - WKaar Aol e A 1 n++ 2009

—

D

%

T Joahvks 1oy arnal d M s }‘ P 105‘?‘“’ pgﬁ”f*f‘wntact

D 03Ga0.53As:G Phys. Chem B [p0en|106% 659, ( dR-sprshder
3  JAI0.Rnp.SPavig Z. W; Wang, Z. 00 dm|[IPhys. Chem |Blad00g,

4 [AMP25GMR25Th@ P VN, X5 Vang, o gy Eﬂae%ng V\ﬂfsar;i,ég

5 20 44M0D6P™: (J,\',mnl Ty 75' ,EIIEIH nm ndoped lQ-v%e'lf

6 \[0.25Ga0.25n0.5p >’ T 6 nm |Undoped Barrier

7 |Ga0.441n0.56P 6 nm |Undoped jQ-well

8 |A10.25Ga0.25In0.5P 6 nm |Undoped Barrier

9  |Ga0.44In0.56P 6 nm  [Undoped jQ-well

10 |A10.25Ga0.25In0.5P 6 nm |Undoped Barrier

11 |Ga0.441n0.56P 6 nm |[Undoped [Q-well

12 |A10.25Ga0.25In0.5P 6 nm fJundoped Barrier

13 |Al0.5In0.5P 200 nm|1018 [Cladding

14 JAlI0.45Ga0.55As:Te 800 nm|1018 [N-spreader
15 |GaAs:Te 500 nm|1019 IN-contact




Solid State Commun. 2003, 128, 1. [00132] (4) (a) Kar,
S.; Satpati, B.; Satyam P. V.; Chaudhuh, S. J. Phys.
w@h@si03d832005, 109, 19 134. (b) Kar, S.; Chaudbirps:07/d79070
Phys. Chem B 2006, 110, 4542. (c) Kar, S.; Chaudhuri,
S. J. Phys. Chem B 2005, 109, 3298. (d) Li, Y.; Zou,
K.; Shan, Y. Y.; Zapien, J. A ; Lee, S.-T. J. Phys.
Chem B 2006, 110, 6759. (e) Zhang, Z.; Wang, J.;
Yuan, H.; Gao, Y.; Liu, D.; Song, L.; X ang, Y.; Zhao,
X.; Liu, L.; Luo, S.; Dou, X ; Mu, S.; Zhou, W:; X e,
S. J Phys. Chem B 2005, dio®mg. 8352. (f) Wang, Z. Q;
Gong, J. F.; Duan, J. H; Huang, H B.; Yang, S G;
We cldingo, X. N.; Zhang, R ; Du, Y.W Appl. Phys. Lett.
2006, 89, 0331 02. [00133] (5) Bae, S. Y.; Seo, H W,;

1. Pﬁﬁéthg@{qr m%lgeg a qgvPe cirz%ewcteoepmgﬁn%)sac%jnq@ggd @mprlsmg the
Ditegs off- ; Moore, D.; Wang, X ; Wang, Z. L.
Chem Soc. 2004, 126, 708. (b) D ng, Y.; I\/a C Wang,
Z L. AdV. Mater. 2004, 16, 1740. (c) Joo, J.; Son J.

»;p Q‘B%% nﬁﬂtﬂgye rssg/rgrftu]r? &Hn%langoé‘ggura[htf 0 fﬁ'ﬁbﬁ%{gyem and a

Lﬂ)|UL’a|IK/ of remaisg,layers;Rvherkin atQeasthapdetios.of b’ald/kpkelase Riygss are
Lett 2004, 84, .2641 Shao, M;

ored é?ﬂ!eewu”%oﬁﬁ','g@rsﬁ‘ g%ﬂd?@@'.“%%ﬁ#t%% 252,
570 [00135] (7) (a) I\/lenard E Lee K. J.; Khang,
Y.; Nuzzo Roge Appl . Phy. Lett.
2|@dﬁ[a3|rgg4at Igggga pqr[tjpn p@ﬁglﬂdun@ona}\@yg@ fraen sgjd mRBWeg structure

2y §peiiiia o 8EmorFil paid?Bipase gy el 0P R bogl ipE e from one or
Jmoﬁe oftgapd fuﬂ%tﬁpeal lapers, thetdly, ged@rati®Bs plurality pf Khasfgrable

t' Jlaé; H.; Huang, Y.; Rogers, J. A Science
Zﬁb%c urgs131% 208, (e) Sun, Y.; Kumar, V.; Adesida, |I.;
Rogers, J. A AdV. Mater. 2006, in press [00136] (8)

(a) Zhang, P.; Tevaarwerk, E.; -N.; Savage, D
Eprmt@@qrheror naprecof: sa@Qggsgfegablq stru@v%gg,sontcp;a qgvice substrate or

E%%J?@eggéhp%erﬁ suﬂaéﬂ%i Eyr’? CMV.IC%' sUNR e tlﬁ?é)r%d/ n?é’k%g 483 device

Savage,

Shii sgi@devige compoRentesen, M Cel I er, G; FEri ksson M

A.; Lagally, M G Nat. WMat er . 2006, 5, 388. [00137]

(9) (a) Huang, M; Boone, C; Roberts, M; Savage, D.

2. EThe Icrﬁag@cbd af cIMn Gwherbiajsaid Hep obrdleasing aBldagka pBrtion of said
Liu, F. AdV. Mater. 2005, 17, 2860, 1b)

Hgﬁtgonal Iayers from said multilayer substructure comprises physically
separating at least one pair of adjacent layers, wherein said pair of adjacent
layers comprises a release layer positioned adjacent to a functional layer in said

multilayer structure.
3. The method of claim 1 wherein said step of releasing at least a portion of said

functional layers from said multilayer substructure comprises removing at least a

portion of one or more of said release layers in said multilayer structure.
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Meyyappan, M M crosyst. Technol. 2004, 10, 633.

[ 9ﬁéﬁwﬂthc§d éflélalgfgflsﬁvhe%m MR §tle oMreI@asm%%@ %asﬁa 86rt|on of said

ZflJBQtI@‘]a]_ Iay[em)fmm] se(lcm)'ult(layer@étwgmre CEMPpESses sgparatnag ome or more

2 S Rk Buprlion AR Mot rory gl ppBrS5rd gona
Zapéisarsrena tethnitfue @d&c&ed froﬁl tH&agrouWEbaa;lstni@OB 2,

537. [00141] (13) R B US. Patent 4855017,
U.S. FEFYRe 0&?% er@é’@ﬁﬁr‘?ﬁéﬁent 4241 045C1 , 1994.

(b) Aytﬁermélly s‘hocﬁfng b moR relddse: Ias)férsc Sawi n, H.
H ; Schmd . El ectrochem 1999, 146

339. (aglat(ngecpr dep(;ong)osw)g,@we onmoye repease layers by exposure of said

M cr 0 : ] .
VeSS i S emrlNEye (Rt it s and

Pr ess dldcﬁmrﬁxsm—:g [(Tc;: ommoFé.reIé&?layems by iconta@ing saij release layers

Chou TgQ-?ghen C-N; Shie, J.-S. Sens.

Act uat"éﬂ';”%a cRe ageBl. »71 . (c) Lee, S.: Park, S.:

Cho D. J M croel ectronech. Syst. 1999, 8 409 (d)

Ensel | M cromech. M croeng. 1995 (e)
Kﬁh@mqtho@f ¢laimh mher@@valq\fwéwon%&ayerqgnegat |933t33?3tla”y

FabBreds idRthggrlc ot o Par SHTEE gdlosed e

anltilmg@estructﬂlre Avhexain. saMaelectrom@Qﬁetlﬁradﬁa}lon[lgﬁapat}le of ablating
16) Ca
{ G decBtsitat legstio Son o s fuRRse Wyery <ol Fatiidyrtner

Bcorﬁprlsnﬁf@ﬂﬁwt@p,of §xp&3hg da@ﬁﬁulﬂlaﬁbﬁ@tw&@ﬂecto@%\/d §lestromagnetic
5th ed.; Prentice Hall: Upper Saddle R ver, NJ, 2000;

pigdietiendrosm spig)laseAauKSe, ﬁwergby abialing op degomposing at least a
Eﬁ(ﬁ'ggﬁ %Fgﬁgga@;bge O#%(gl rpiea %ée Ia’ly'\_él\i3 (c) Kato, VY.;

Jpn. J. Appl. Phys.
2004, 43, 6848. [00146] U S Pat ent Application Nos.

11 4, 11/ 145 574 .11/ 1 542 O/ 863, 248
T ahae o adia3vng s (b mddRyBesrudie™ Bhgtheg ey o
amm@teebryd said®Igarah £ghety ra&heoe et |&gstipaetialy tteimsnitedd
i nconsi stent with the present descrlnPtl on
through said substrate, thereby ablating or decomposing at least a portion of one

or more of said release layers

The method of claim 1 wherein said step of releasing at least a portion of said
functional layers from said multilayer substructure comprises the steps of:
introducing an interfacial crack into one or more of said release layers;

and
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10.

11.

12.

13.

14.

[00147] Al references throughout this application,
for exanpl e patent docunents including issued or

w@e@aa@3pat ent s or equi val ents; patent appli cBECT/O82007/079070

publ i cations; unpublished patent applications; and
non-patent literature docunents or other source
material; are hereby incorporated by reference herein
in their entireties, as though individually

i ncor paeekfcAly sfu%%@ih@%‘é?d rd%%hﬁy&é?s%’gs B%use prc\al&patgr?tion of

reference is at least "partially not inconsistent

t he dissid odenfacialicrack, sherppy resutingnn(release phane e mere functional
refere%?& that is partially inconsistent is

i ncorp Ated by reference except for the partially

i nconsi stent portion of the reference). [00148] Were

the terns " prise”, "conprises", "conprjsed',. o

e ietaoc g A SR SR Hack Reregiabahp gherically or
| heAhBNEhaEdase PPESbhd bRehord Bf BAigTE8GSe Riyetdle stated
features, integers, steps, or conponents referred to,
but not to preclude the presence or addition of one or

(PR Lol GARYE Sk SRR oSl KRBT o Whicture

ahreaeleasedded dta time.enconpassed wherein the terns
“conprising" or "conprise(s)" or "conprised" are
optionally replaced with the terns, analogous in

OT R&FRSthooelaim ¢ WHErSihinA@eQRAS Bk aid FUBEtor Eepd inhid
essentially of/consist(s) essentially of" to thereby
dasititaves strueturrpredigiRRseasingltaneausly e not necessarily
coextensive. [00149] The invention has been descri bed
with reference to various specific and preferred

ehthe dietieort of daic 1 éarttrérepoetprishipibeastep oft prelidingla besk layer in

under st ood that, many variations and nodificati.ons .
R e S e BB oy e enti e favers: Phereifandlnaet yer s
t Eepdby 6MprieQ8ntind exddslird 6f Gepar Bbke fuPchtreal Rlyeds @ aakichant,
skill in the art that conpositions, mnethods, devices,

RAJYRE Qs IcEARIfA a0pRERIPVARY o sRiddBdItIRYET BlfdCtuectiHing RRid step of
Oﬁeﬁ‘%{si theéﬂ%sﬁorﬁeﬁ%'fEé@?hb%ﬁo%%ﬁ%&b%%rﬁ%‘é?dbﬁ‘luﬁigﬁﬂ/fpgtructure.

applied to the practice e I nvéntion as broa
di scl osed herein without resort to undue

CTREEITER! B 48t + Rt S B S O Bl B LB B
nedresdtalith oms ocmdrs essaturictiohal layers s or sagdtdies@iefeasing at
are intended to, be enconFassed by this invention

i y 1 . :
Vigasier BPriign oh sgie fuaciinnad |ayseirom said miythgyss SUBsigUCture.
i ndi vi dual values are intended to be enconpassed as if

separately set forth. This invention is not to be
| The edhod of claim 1 further comprising the step of making recessed features in

at least one of said functional layers so as to generate said transferable
structures having one or more preselected microsized or nanosized physical

dimensions.

The method of claim 13 wherein said step of generating recessed features in at
least one of said functional layers is carried out using a patterning technique
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15.

16.

17.

18.

19.

20.

by the enbodi nents di scl osed, including any shown in
the drawi ngs or exenplified inthe specification, which

wae@sgsesen by way of exanple or illustrati on aPdI/nsi00v679070

limtation. The scope of the invention shall be
limted only by the clains. Table 1: Exanples of
sel ective etch materials systens Table 2 : Functi onal
| ayer conposition useful in producing LEDs (see FIG
3516444 %rﬁ"ﬁwe%@bﬂ‘coﬂmsﬁmg{@ﬁ Molﬁtﬁb 3Bk, %fﬁnﬁ@drbﬁﬁy cé,flectron
devi ce conponent; said r|3|n the step
peeam diiregt writing, tanndaatf@rcmmtmm&tt@rrmaqm&atboﬁ@ a
plurality of functional layers and a plurality of
rel ease |l ayers; wherein at |least a portion of said
rFHw@amhdacayfecplairran ,lewp]exsirt saldateet ;ymmngfotmecnri roovel said
rs in sad nultilayer, struc ; aS|n

| B bk S Ss onia R aeR e S Sy A Gt Blnent
”&Uﬁdo'rt@dfﬁy SHid HEVibE SuBYtrRERAEATEADUPVR ntdRpAinfihg.Sai d
rel'ease layers or a portion thereof from one or rmre
of said functional Iayers t hereby generating a

pﬁ‘Héﬁ{étrW 81fc|£ ﬁ‘§f\ﬁ|‘i 8%%1* ﬁmng%ﬂe%'n% &ipne

nore o sau t Fans ure ORt 0 & device
stuﬁmferabte struoﬂmsmtcmsarp@iwmb subppatet adddwceacaheporent
CORRSHEHDY 10 4Rdle B RUER 1S A Em N {Ad ISCAN QM pelecias! from

Oﬁfherg?b ebhdstiig éﬁﬂ?&raasfé%bh@et Qﬁ*ntﬁ@ doft HiMelgtapHd

| ayers from said r){er substructure conprises
pMespleansfegr %ré"ﬁ'é!ga':tﬂdrfg?ﬁdtt @@é@h'cd}@é‘oﬁaﬂﬁifebf)”%td]gacent

| ayers, wherein said pair of adjacent |ayers conprises
a rel ease | ayer positioned adjacent to a functional

I “ély@meitmodsaﬁ claimufl 6,i \Maqre'rn sdid stepuofaarinBng Tleesteratble dtrotture

d
TP or testorie Prie) B SR dth dana Rl hogpamoving
S$HIG target sURIRENPOMSEAd FEItBYh&IJaydr, ihesstly Parpétihgrat tast a
one or nore of said release layers in said nmultilayer

skertien of said fundtionablanedem saihimwtiaygistreciyre ia %ﬁ'gtt%rﬁet

oéutfs%]a sing at |east a portion of said functional
layers fromsaid nultilayer structure conprises

separati ng one or nore of said rel ease |l ayers or a

rt| QL om one or. nction
rEhAT T8 LB S SBiete i Db Hrbtfirag Hucture
Cmﬁpﬁddmnﬁctmg an elastomeric stamp with said functional layer and
removing said elastomeric stamp from said functional layer, thereby transferring

said functional layer from said multilayer structure to said elastomeric stamp.

The method of claim 1 wherein said step of printing one or more said transferable
structures onto said device substrate or device component supported by said

device substrate is carried out via: solution printing
The method of claim 19 wherein said step of printing one or more said

transferable structures onto said device substrate or device component

supported by said device substrate is carried out via a technique selected from
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21.

22.

23.

24,

25.

26.

27.

etching one or nore rel ease layers; thermally shocking
one or nore release |ayers; ablating or deconposing

WOr@S0868ADr e rel ease | ayers by exposure of sai BCT/Ebmama79070

| ayers to el ectromagnetic radiation froma |aser
source; and deconposi ng one or nore rel ease |layers by
contacting said release layers with a chem cal agent.
5 The nmet hod of claim 1l wherein said functional
eqréu;ﬁlE:Snﬁ;tstlr|ged'°\‘sﬂu|cI7fé"s.EaFf @ls.éé’rnblﬂ/airr‘\ﬂ]’élr $HMting Cthermal transfer

e ectromagneti ¢ radiation froma | aser soufce exposed
t prindimigd ang iseiicleayasintisgr uct ure, wherein said
el ectromagnetic radiation is capable of ablating or
deconposing at |east a portion of said rel ease | ayers,
shhel nmattideof ¢lain mamar@nmtllesasmgne loé ssitdgpnctfonakpgsisngf said
sai mJIt{ er strycture t 03|de trorm netic
r RYIULAYES FUHE Fﬁ%%iT‘B”?%’%%Fe Botof PéBﬂ’/aé AYeRGfyClor
deSRIBASIAS BYelseast a portion of one or nore of sai d
rel ease layers. 6 The nethod of claim5, wherein the
mul tilayer structure is support ed on a substrate and
S
¢ PSR L R ot S ool or kR RprBALbE Pl
ocordprisEsaideas) ont sleeascbnducrmrlaye]rsem‘ctmﬁomrthmgrwp)tonsisting

aiJ d rel easetllaers e %h? rrlet hod of claim]1 V\,hertei?

8 Sitdp ClyFtalleSRITgNACPYer. 4N RaRNicG segycandugtor layer, an

|HBF§an§émic@M§uc&of I%19€i\ 2ai10/ Bethidohau&tor fByBE tandcd Yfckip IV
conprises the steps of: introducing an interfacial
celgtentalon comeopnd §BRECAHUSIId el ease | ayers:
andnechani cally stressing said rel ease layers so as to
cause propagation of said interfacial crack, thereby
r Elseihtetmgd ofnclaiel 2hswheodin sael srquence of semidoodattol Eyerss.

8. The nethod.of claim? erein said.crack.is .

e st e sp iR I PP he AiterEnqmipgnauctor
omatepialdror e of said rel ease |ayers. 9. The net hod of
claim1 wherein said functional layers in said

mul tilayer structure are released one at a tine. 10.

ke ﬁ’rnettwopélal% fivfRelei W%Sréeds@ oABof sLiBAIN QARaPBYErs of said
functional |ayers I n sai
multilayer structure comprises one or more dielectric layers or one or more

conductor layers.

The method of claim 1 wherein said multilayer structure further comprises one or

more carrier films provided in physical contact with one or more functional layers.

The method of claim 1 wherein at least one of said functional layers of said
multilayer structure comprises an electronic, optical or electro-optic device or a

component of an electronic, optical or electro-optic device.
The method of claim 26 wherein at least one of said functional layers of said

multilayer structure comprises an electronic, optical or electro-optic device or a

component of an electronic, optical or electro-optic device selected from the
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28.

29.

30.

31.

mul tilayer structure are rel eased sinmultaneously. 11.
The nmethod of claim 1l further conprising the step of

w@e@siosisay a nask | ayer in physical contact w POT/OR®OT079070

nore functional |ayers, wherein said mask |ayer is
capabl e of preventing exposure of one or nore
functional |ayers to an etchant, solvent or chem ca
agent provided to said nultilayer structure during
S oGP%ﬁ&sﬁﬁg bB! £BSN Rehcion! 5%5 flﬁn RRNLisRS, 25indd J‘Eimctlon solar
flunctional layers fron1sa|d mul t1layer structdre.
Teadl, menhibdunstionl selancellf aiphpediasenpright egitingdiodepa d:efser a

Y [ i th .

F M BRaR MDSFET SpliPk: S MEP €5 bkl oL HipmTHefice.
relea3|ng at |l east a portion of said functlonal | ayers

o B Fe gLt ok ol bPAg tRe CorinsoBio heai ot ensdeing said

f @@ltidyR$ strlctate bﬁ%séub@.ﬂﬁteof/vh%?élﬁ at 182Gt bROAIchSY R Er BDrovided
as to generate said transferable structures having one

obetwere spictisieréanatipyers pod FaddUbsiragnosi zed physi cal

di mensi ons. 14. The nethod of claim 13 wherein said

step of generating recessed features in at |east one

of he aiethddiofctlaionas Whey@n saidsstepiof gedematihg gaidngultilayer structure

pat ternl t echni quesel ect ed con i stin

G BREROPRTHEI SBHIPd SELEIIE 2 FSDPbRy oAb TP g i

dédrRedtingrdft \va“pﬁ)r pﬁﬁge @b@é@ﬁh&cﬂém& eerh %bmaigg e&mbb@@lén

15. The neth claim wherein said step of

pAeRasition. W'@Fg&ﬂfr eheyaical varonsepesiie® chepmieal ypeer @erasition,
t \Y

BV GEVRET BHRSIER, S ferfiHerRgRETPRIRR cSHRRiEtoRbeam

pevamratgnn dehosifion, ptashwderdfarmbdldnemﬁscalwbpmredepcsalon atomic

n e or _nore rans abl.e .
V8 fendBuin [ g4 Bas g epliR” elipbbrhe B3 S . and spin
ceggipgent supported by said device substrate is
carried out via a techni que selected fromthe group
consisting of dry transfer contact printing, soft

j ' f t
e e g
cgenarall®y smﬂemtdtllaysrastw@mremma spbstrate rr@letasmgsatdeaﬂilaeportion of

structure ¢ tact.jn t ar get trate wth

8 ForiBoR S S P SR BN Pl A A B g e & hbre of
SsHIs traabferdilo Btrastiured; wiehéinrald $wstiate isheusdy during said step of
transferring, at | east a portion of said functional

| RPepling SRASIERE ehAaneraling said Mutlayer SIYCRAS @niaapigstrate,

releasing at least a portion of said functional layers from said multilayer structure

and printing one or more of said transferable structures.
The method of claim 28 wherein at least a portion of said functional layers,

release layers or both of said multilayer structure are thin films epitaxially grown

on said substrate.
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32.

33.

34.

35.

36.

37.

38.

39.

substrate. 18. The nethod of claim 16, wherein said
step of printing transferable structure conprises

w@omBasdsBhg an el astoneric stanp with said fune€T/O8E07/079070

| ayer and renoving said elastoneric stanp fromsaid
functional |ayer, thereby transferring said functiona
| ayer fromsaid nultilayer structure to said
el astoneric stanp. 19. The nethod of claim1 wherein
ST nidlisdd Of ciBifd B4 M)Pw%réiﬁ%aﬁf fuRBfichas &lyard éﬁ@%l@é@l‘a?ers
structures onto said device substrate or device
cearppirme psepsienteddeduenseid thieiire epiidrdalhyagrewinson said
Cﬁfﬂsitr%%gom via: solution printing 20. The method of
al wherein said step of printing one or nore
said transferable structures onto said device

A o SRS ST R
fé&ﬁb%sﬁl%@atﬁ@?@léﬁsbﬂ@y&é aﬁHWurﬁ’dti%né?l'aﬁ/et% ia¥y ghdWin on

jet printing, thermal transfer printing, and screen
prai@subgfrate. 1. The method of claim 1 wherein at |east
one of said functional |ayers of said nultilayer
structure conprises a sem conductor |ayer or a

SEp aretieoddf daim ¢ oviduein@aid fayetienal 28/erd besaie idtapér structure
claim?2 1 wherein said sequence of serg conducto

| e BB RRTResRelowpd 1L e A0S SRR aTdP aayp0.000
S@é,ﬁﬁﬁ@tgrg‘_rom the group consisting of: a single
crystalline sem conductor |ayer, an organic

sem conduct or | ayer, an inorganic sem conductor |ayer,
oAl REAILAOBMNS \Mork el i e Ul YoRbRIBURY 1 2 1
whizowti200Jandiopaglagerse of sem conduct or Iayers

conprises at |east two sem conductor |ayers conpri sing
di fferent sem conductor materials. 24. The nethod of

cTieé Methodher @aif atwHepdintsarn@ufilay@isthubtuis EbPpPated BRIt to
of said multilayer structure conprises one or nore
d@@@@pplr@eﬁa?@@r%r one or nore conductor |ayers. 25.
The nethod of claim1 wherein said nmultilayer
structure further conprises one or nore carrier filns
pFlos mddtaod nf @aigs | campeisimgess medtiachofonakiog anpragovoltaic device or
fcli‘env(fct:e' grr}aal BY LS, . . . - . .

y, a transistor device or device array, a light emitting diode device or

device array, a laser or array of lasers, or a sensor or sensor array.

The method of claim 1 comprising a method of making an integrated electronic

circuit, a microelectromechanical device or a nanoelectromechanical device.

A method of making transferable semiconductor structures; said method

comprising the steps of:

providing a multilayer structure comprising a plurality of functional layers and a
plurality of release layers; wherein at least a portion of said release layers are
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40.

41.

42.

26. The nethod of claim 1l wherein at |east one of said
functional |ayers of said nmultilayer structure

W@ oivp/3ees an el ectronic, optical or el ectro-opeT/TS2007/079070

devi ce or a conponent of an electronic, optical or

el ectro-optic device. 27. The nethod of claim 26

wherein at | east one of said functional |ayers of said

mul til ayer structure conprises an electronic, optical
Oﬁose?tllcﬁ‘f‘etdr%&@éh ‘Fur%%h&l%?é rsdn SQIMANERYePStr@lure, at least a portion
el ectronic, optical or electro-optic device selected

f ofosaid ﬁ@@tl@m@i l2ysis comprigingfonezorPre) sanaicondcter thisi films; and
filmtransistor, a single junction solar cell, a

mul ti-junction solar cell, a photodiode, a |ight
erdlddsimpatdeastes pertibase saiddulidddnatieyecerora shildSkbltilayer structure

devi ce, MESFET devi ce,, . and a HEMI devi ce,
e ﬁ%%ﬁragn%ﬂve 8 Mors Phsaig Tolpase ke %%ﬁﬁmogztﬁarqq?gom one or

Skekre 6f s ﬂﬁ’fc%hé‘lga%l’b dth%]cléﬂy' ée’%ﬁétmﬂ $48 triahsfePdbla
substrate, wherein at |east one rel ease | ayer 1s

p$eml|cuediuqi@lwt@m’qur§al d functional |ayers and said
substrate. 29. The nethod of claim 28 wherein said
step of generating said nmultilayer structure on said
sTihs trretitad ofsclaiar 89 adtrmntcongjnls@gafuttbequmsirs@trm:ttepl of

BTt 5% S A Y e sl e Rt SOPOrotReBOgU] Brieact one release
By ieEeNlEd BEREcHadaiy ARRE0HSINSFrE 'aﬂ&sa?d"ﬁ!ﬂs‘fr%'te vapor
deposi tion, physical vapor deposition, sputtering

deposition, sol-gel coating, electron beam evaporation

d?H?é’He‘tHéH“of& ﬂ?ﬂ@f%%ﬁfﬂ;r%lﬁ?’%%%‘te P o Fegt“r’rﬁboééﬁ's?é’bs of

atom c layer %e osition
ey @wratheat a:mhltlldgﬂosruotwn oramdulsspjra’le caodtrelegsunecat kst a

28, f i Si f . .
FEHE0 of 5 S Porerep eV Y aAm THY BT iRt Pufhepin saic
séuibstiatd B redséd aum@{ satistey 6f r@@éaﬂ? &did |smtof@emerdtin@r3a|d
of said function ayers froms mul til

sMulitayer srepgreen ﬁtawbgtrawear& reiRASN G I§a$tda portlon of said
LLABRG R PRl RO hiRia i@l gal d substrate i s

reused during said step of repeating said steps of
generatl ng said nmultilayer structure on a substrate,

SR e A R bl B S By R ©
nMrﬁprﬁélngmsistbpgasfer abl e structures. 3 1. The net hod

of claim 28 wherein at |east a portion of said
functional |ayers, release |layers or both of said

Molidh Ry & i Rt SRR L RE R obiHriBirg & PRIr&RY bsthelidral Hye¥¥and a
plurality of release layers; wherein at least a portion of said release layers are
positioned between functional layers in said multilayer structure, at least a portion

of said functional layers comprising photovoltaic cells;

releasing at least a portion of said functional layers from said multilayer structure
by separating one or more of said release layers or a portion thereof from one or
more of said functional layers, thereby generating a plurality of transferable

photovoltaic cells; and
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43.

44,

45.

on said substrate.32. The nmethod of claim3 1 wherein
said functional layers and rel ease | ayers conprise a

w@e@sebast ed sequence of thin filns epitaxial | pCYUSMNT/079070

on said substrate. 33. The nethod of claim 32 wherein
sai d presel ected sequence of thin filnms conprises
alternating release |layers and functional |ayers
epitaxially grown on said substrate. 34. The net hod of
claim1 wherein said functional |ayers of said

mul tilayer structure have thicknesses selected from

t printingrane efmarsoeitsaid ansferaiie nhotevr b0 celitnomtetaedevice

3

ety BPens PanboRlsbotOREe bl sl it sk B gpriact
I erireting. or3olutibhepriméih othesbyahaking baisheleetranis dedice or said
rrél til a er structure conprises about 2 to about 200

P%té%r@ QYiEe SOMPPNeRhe nethod of claim 1 conprising a

met hod of makl ng a photovoltaic device or device
array, a transistor device or device array, a |ight

ehhe meﬁgocuofdd@mdé% whergip saslphasoalieig celle af seish fupetional layers
38. Th
e PR e R e fea PSS sBh s o
i nt egrat ed el ectrom c circuit, a
S SRlee Lomeanan ool Sl 681 9125 e ot patcs reRgeRRg features

|h%"ﬂ$éa€$'t B8Rt of §§i61f9@6tﬁ>%ﬁt I@S/el%tsfdlﬁ tH g‘énerét%' ééldﬁ%bhﬁ@rable
r|S|ng the steps of: providin mul ti

SQHQE@YQJ@@ %Qilmvmgr@ﬂeaorprmgr%pre@we@?ed f@f%@ﬁ‘rllﬁ‘%w m%ﬂﬁ@ﬂ@d
gg}ﬁ/sﬂzaph%éq,{sw rel ease | ayers; wherein at |east a
0

I on sal release | ayers arepositioned between
functi onal Iayers in sald mul tilayer structure, at

| ]
A TndaBRehaihe 8 seileian e o rne e Fetic fargPising the

|©2@s4 ot portion of said functlonal | ayers from said

rrultll\@ger structure by garatln one or nore of said
r el K P&@e’i@”ﬁ?'ab'a]é%fr@ri ahlepsled peftion b m wivstrate skstase, said

of _SaLtcidl e 40Ing| ARERing Asflay gener ating sai d

trans era sem C nduct or structures. 40. The nethod
of claim39 further conprising further conprising the
St er|?Ja%rning said sacrificial layer to generate a pattern of exposed substrate

surface;

depositing a functional layer on at least a portion of said sacrificial layer
receiving surface and exposed substrate surface pattern, thereby generating
one or more functional layer anchors corresponding to said pattern of
exposed substrate; and

releasing at least a portion of said functional layer, wherein the pattern of
functional layer anchors remain at least partially anchored to said substrate
and at least a portion of said functional layer not anchored to said substrate is

released, thereby generating a plurality of transferable structures.

54



46.

47.

48.

49.

50.

generating said nultilayer structure on a substrate,
wherein at | east one release |ayer is provided between

wa@ adod/osasart i onal | ayers and said substrate. 4 BCT/URE®07/079070

met hod of claim40 further conprising the step of
repeating said steps of generating said nultilayer
structure on a substrate and rel easing at |east a
portion of said functional layers fromsaid nultilayer
structure; wherein said substrate is reused during
said step of repeating said steps of generating said
rf[h\et inedtyast ofsdlaioc4 urfartoer consprising ptirtingnene el mwars alsaid

e AR s S0, 008 BETGR JHBE Gpore

phod device aubstiatel ce or device array, said nmethod

conprising the steps of: providing a nmultilayer

structure conprising a plurality of functional |ayers

anil phehal 8 dihivh 86, WiSdrRAsPel ralkaEhy MISESPridds:| east a
portion of said release |ayers aré posi tioned between

f un€eNGRENg PRPEISOMArie aladninid atileastéer petienof srid furgtional layer;

I eagf,q4a portion of said functional |ayers conprising
photovoltaic cells; releasing at |east a portion of

sai derhoviogisaitastaimpyfesra contact séth daiifuhctienet tayet rtbetelyeemoving

oor 21 BACL RePaiSh 3 oie BEtaral ettt S BPCenied Brfid

| aygpstrdther eby generating a plurality of transferable
photovoltaic cells; andprinting one or nore of said
transferabl e photovoltaic cells onto a device

SHOS e & @f clglﬁﬁ/hﬁ%ﬁ%@%leﬁ%’@%ﬁ%ﬁgoﬁ}ﬂnﬁyev' ce

subst rate ontact print ron printing,
t hercebtactimd Baig deavios salbetrateosurfaoeetmab east agairtibn of said functional
eI e?tronl devi ce conponent. 43. The nethod of claim

rﬁj said photovoltaic cells of said functional

I ay eémoomgwancﬁ@e\ac@E@mia%tsaﬂa@@mym%tﬁt with said functional
sem conductor thin filnms. 44. The nethod of claim

43
f ur 1KY DS tBaNseTTing as least aPorian Migaidiinsyeral layer that is not
f eathbRSrddnodhid rafd'fo id %i%{nge sﬁB&&ét@%'deb%g{oﬁgp%%ent

as to generate sald transfera otovoltalic c
havisngpored by Sﬁidrd}evmee&ﬁiweteewrfaaer osi zed or nanosi zed
physi cal dinmensions. 45. A nethod for making a device

or device conponent, said method conprising the

The method of claim 45, wherein the releasing step uses a technique selected

from the group consisting of:
etching said sacrificial layer;
thermally shocking said sacrificial layer;
ablating or decomposing by exposure of said sacrificial layer to radiation
from a laser source; and
decomposing said sacrificial layer by contacting said sacrificial layer with a
chemical agent.

The method of any of claims 45-49 wherein said functional layer is part of a

multilayer structure.
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51.

52.

53.

steps of: providing a sacrificial |ayer on at |east a
portion of a substrate surface, said sacrificial |ayer

whans08p8a’ r ecei vi ng surface; patterning said PCT/US2007/079070

sacrificial layer to generate a pattern of exposed
substrate surface; depositing a functional |ayer on at

| east a portion of said sacrificial |ayer receiving

surface and exposed substrate surface pattern, thereby
generating one or nore functional |ayer anchors
corresponding to said pattern of exposed substrate;
ahdmem®b§¢rngeta'tcati@@sa rdurrab?yt pbrirasksfeyable semiaonduelor elements
I r 1 a chors
(Bt & Bl PR Rt b B BB B

and at |east a portion of said functional |ayer not

anchored to s id substrate is rel eased, thereb
CBRAG AR Ao exBiel Sieter SEROVPT GRPRNeg 26, inorganic

Toemigehligsdoef claim 45, further conprising printing
one or nore of said transferable structures onto a

devi ce substrate or device conponent supported by a

dr%\ébﬁ Séépéété@tré%loﬁg ‘of -Elﬁ?d g?ttemnst%f E!Eﬂdaﬁgﬁb@idiﬁ{@%r ﬁrjsp mask to

t he re easli I'ses: Cco
ed;a‘:ldb&twmalcsusfaaepthbce@tgdrmasttngampekéd myiafs & dnmasked regions

ctl onal rempving said stanp from cont act
'%gft&rrf%ﬁﬁﬁ?%%g{]sq'gx‘/‘g? "t hereby renoving at | east
a port| on of said functional layer that is not
anchored to said substrate. 48. The nethod of claim
Agchingesaid pinntasked | regioing Pfstaigh exéarpali swéacecehsaidtwafgr. thereby
oAl . ¢ . .
B pr T FBIANS] SClfePHELAGE chibring FHT! oy RIS SWMace into
ssdig twaere mgrém]caet lbaeima qmniucm:bf mardh"eﬁaﬁ fbaturastdaghalave at least
I ayer . thereb nsferr.i ng | east.. a
t

F?rgﬂgredlsé %pu %e[hzia\gng] cogm&r%f&e rgaqrvtgi(igg sggtiaﬁ@/iaqong the
S|@hgw@rtsg|d at |§g$tcbr(éeg4u§e substrate or device conmponent
supported by said device substrate surface.

masking said contoured side surfaces by providing a second mask, wherein said
contoured side surface are only partially masked by said second mask, thereby
generating masked and unmasked regions provided along the length of said side

surfaces; and

etching said unmasked regions of side surfaces; thereby generating said plurality

of transferable semiconductor elements provided in said multilayer array.
The method of claim 51 wherein said wafer is a bulk semiconductor wafer.

The method of claim 51 wherein said wafer is a silicon wafer having a (111)

orientation.
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54.

55.

56.

57.

58.

59.

60.

49. The nethod of claim45, wherein the rel easing step
uses a technique selected fromthe group consisting

w@R008@86sBT ng sai d sacrificial [ayer; thermall yPGhuUS00TIg9070

said sacrificial |ayer; ablating or deconposing by
exposure of said sacrificial layer to radiation froma
| aser source; and deconposing said sacrificial |ayer
by contacting said sacrificial |ayer with a chem ca

agﬁ@%etﬁ@d OFE%erBMhQ/HeRJm 38 Qfe?@f%t%n&%a@u%ﬁél@éd"mglons of

said functional layer Is part
s$&I@(ﬁXtﬁfGa|58L1faCA ¢feetan<d>dvaf©rr isfcesried Ut by Q‘&C%I gxpesurg obfthe side

t f
ititeS ol Sal BER RN 1 RN B B (Bt
providing a wafer havi ng an ext er nal surface sal d

fer c ri ap, i norgani ¢, sem conduct or;
B rEaoB et Amaps SRR SEich SICni Bl ieaes iy cvelic
aefddsbite Hﬁ’sﬂé $ie SadceX beEAal restddeRCRatUrES f& R¥active ion etchants
generating nmasked reglons and unnasked reglons of said

extkeichiresigt matasiat:. sai d waf er; etching sai d unmasked

regi ons of said external surface of said waf er,

t hereby generating a plurality of relief features

ekihe nditimgp of clains 84 dviexxeiersaid etohirfgastep isitarrisdiodit waihgrinductively

GUSHA b P B QRS e DA P BB 03 sgrpinaton
C@mb@twmlauetfvéw CGdipled PrdsAsa Sﬂé%fch@é llon HiemagtdiRl Beffeidd Oxide
said at | east one side; masking said contoured side

sﬁichaab%tcbuﬁgﬁe@ww% a second mask, wherein said

contoured side surface are only partlally masked by

said second nask, thereby generating masked and

uhineashettiod exfi daim pﬁﬂowheledh alaiﬁngomﬂoer lpesides obfsaghicdntoured side

si de surfaces n ked re |on f.

R rdigan Phinly SheRades ERERROIGTINT | frby ntersect o
tlbagmicﬁﬁ@@x% @ﬁﬁb@fgﬂh@bﬂ:falehmﬂr&c% ovi ded l n sai d
rrultllayer array. 52. The nethod of claim5 1 wherein

said wafer is a bul k sem conductor wafer.
The method of claim 57 wherein said features of said contour profiles are

selected from the group consisting of ridges, ripples and scalloped shaped

recessed features provided on said side surfaces.

The method of any of claims 56-58, wherein said ridges, ripples or scalloped
shaped recessed features function as shadow masks during said step of masking
said contoured side surfaces by providing said second mask, thereby generating

said unmasked regions of said side surfaces.
The method of claim 51 wherein said step of masking said contoured side

surfaces by providing a second mask is carried out via angled vapor deposition

of a mask material.
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61.

62.

63.

64.

65.

66.

67.

53. The nethod of claim5 1 wherein said wafer is a
silicon wafer having a ( 1 11) orientation.54. The

woreiokoshsst claim5 1 wherein said step of etchpemyusando79070

unmasked regi ons of said external surface of said

wafer is carried out by cyclic exposure of the side
surfaces of said recessed features to etchants and

etch resist materials. 55. The nethod of claim54

whies ‘1%rﬁe!'ih§d’1'oF1 c%'irﬁ@ﬁ@/héFé?rﬁ’ shid &@Prdf%‘i'clﬂh'é sAi Gﬂrﬁbélé‘ed regions of
exposure of the side surfaces of said recessed

f $ee gsudacasiscasiad qet Viaanisptrhpigtescham@ et ch resi st

materials. 56. The nethod of claimb54 wherein said

etching step is carried out using Inductively Coupl ed

PT 13 mive tRea &f ickeiml 61 wHezbinnggid Mféemd sﬂhdo@hewﬁe@ hmvtngoan (1 11)

SRR T Form R A S Sl B eion of i
eé&halc%@ fechpidiesut 9ia ahiR i dcrhg Chtféfentidlly along <110>

wherein said contour profiles of sald cont our ed "si de
sdirgciions ohawid siicpnuyafei.ty of features extending

| engths that intersect a |ongitudinal axis of the

| engt hs of said side surfaces. 58. The nmethod of claim
SVha\hmtmmo’Sdiaidn beathereis said aaiisdtropintemm}ﬂng)'rso;ﬁriok/iteisdahyeexposing

t ed t.h fori , rippl
718 Chiockpdpdnts oY s8Rl artongtiirued on
sal d si de surfaces. 59 The met hod of any of clains

6-58, wherein said ridges, rip gl es or scall oped .
sﬁ%@@th@@@%@dnf@awbﬁ@éﬁ faidcetcaing iR PAGalN wareked regions of

déi&? @,Qrféé%sd Séthte fsa@ﬁghggraﬁé do drﬂ%hEHét‘éﬂe@n%ts, wherein each
surfaces y provi ding said second nmask, thereby
gefrsaidelenterdaace conreskastitorsagd waterofa s diridgs ietkament.

surfaces. 60. The nethod of claim5 1 wherein said
step of masking said contoured side surfaces by

PTIY hibthgd af slerend wimsrkin Said dirdti RaskQ whidvégconddhgsk or both is an
vapor deposition of a mask material.6 1. The net hod of

$tﬁhﬁ¢%3tfn¥/\ﬁ‘é‘§bl n said step of etching said unmasked
regions of side surfaces is carried out via

ani sotropic etching. 62. The nethod of claim6 1
V\hem@hod ohaskemlflng a plusaldy tracsfarakié eemitandugtoarlements on a

entatia nd wherein said step of etching said
L?‘ngr@ted A ﬁngﬁgodﬁcforgﬁ)rb%n%mef%g%%ofs carried out via
anlsotroplc etching preferentially along < 110>

providing said plurality of transferable semiconductor elements provided in a
multilayer array of claim 51;

printing said transferable semiconductor elements on said substrate.

A method of making an electronic device or component of an electronic device,
said method comprising the steps of:

providing said plurality of transferable semiconductor elements provided in a

multilayer array of claim 51;
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68.

69.

70.

71.

72.

directions of said silicon wafer. 63. The nethod of
claim6 1 wherein said anisotropic etching is provided

whoosops3’ ng sai d unnmasked regi ons of said si deCEHUSI0ATE79070

to a strong base. 64. The nethod of claim5 1 wherein
said etching step of said unmasked regi ons of side
surfaces generates said transferable sem conduct or

el enents, wherein each of said el enents are connected
to said wafer via a bridge elenent. 65. The nethod of
claim5 1 wherein said first nmask, said second mask or
birirtinigssaichtrangfarabis seminenduelok elea@ntponet supstrate, thereby

1
STaRER e RaPll Yl ict o B SRER MR e oG DA s ¥loge

steps of : providing said plurality of transferable

of e iRt Gofcias SR Ay, WAPH SaAST oS Piends GPElssAI: Elycontact

eb@ﬂm@ts on said substrate. 67. A nethod of naklng an
el ectroni c device or conponent of an electronic
devi ce, said nethod conprising the steps of: providing

SﬁHéj m?tfggdﬁ"!)f' ct,léflrrpfi?to G?S\Rlﬁél%m §a|8$%ﬁ|9§gfé§t grs,eab 1t ng?‘)rinting

provi ayer array o
stnankfémabls$emigbhdudenindiffierent laye sl af rsait muttma;&r
substrate, thereby nmeking said el ectronic device or
conmponent of said electronic device. 68. The nethod of

CTidé MdfoPbf @dim @45'esK/I@ér@lrﬁ@ﬁrﬂm@rée‘?ﬁlb&%&‘hﬂ%lérﬁeﬁ@rlﬁ a6t layer
out au%écont act printin he net hod of claim66 or

69" saigharray ﬁxgca'v;enom phmor@trgﬂ%fsrabée seqironduetor glements in a layer
p&’ Uid HH{;& @69@5 @‘Bhﬁerﬁﬁﬁihc%@ﬂﬁgye‘r n different

yers o ayer 't hod of clai m#69,
vvherel n printing sem conductor elements in a first

er, of .said array expose aone or transfera
B (R s oBi e PR oy e el taneeap e SR iy ouctor
pélsieings) edideiodeimprismdithlel steps byer. 7 1. A nmet hod
for generating a nultilayer array of transferable

seni cOFRMINg @ Bibstale Ravingpg eHarRISUEGRBr i si ng t he

2L:eps g?c‘;wdlﬁlj AhdkingeRsfUREE &1 IRYIHYL A £EHe Rl ace of said
substrate, wherein said multilayer structure comprises an alternating
sequence of semiconductor layers and sacrificial layers;
generating one or more recess features by removing material from said
multilayer structure; and
depositing or coating a heterogeneous anchor element in said one or more
recess features, thereby anchoring at least a portion of each of said
semiconductor layers to said substrate external surface, or one or more
semiconductor layers beneath a semiconductor top-layer of said multilayer

structure, or both.
The method of claim 71, wherein said recess feature traverses from a top layer of

said multilayer structure to said substrate external surface thereby exposing

regions of said substrate external surface, and said heterogeneous anchor
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73.

74.

75.

76.

7.

78.

providing a nmultilayer structure supported by said
external surface of said substrate, wherein said

wOonioBioBayer structure conprises an alternati ngPGRUSINTE79070

of sem conductor layers and sacrificial |ayers;
generating one or nore recess features by renoving
material fromsaid nultilayer structure; and
depositing or coating a heterogeneous anchor el ement

' é]eﬁ%hfjaﬁ’élﬁ)rQ eat® bﬁsélﬁ%%ﬁﬁccfrﬁ%bqu’éyeré REES8%UBSEAR xBnal

at | east a portion of each sal d 'sem conduct or
ISW@CQ to said substrate external surface, or one or

t j ,
TR RO Q] 7 R BT RERSE a8 o frt
Teeanisetdudoratbp ddyaar of Eaﬂ:l multiziyer strsctud toer sscoridesgimicenductor
traverses fro | ayer gg aid multil ayer
JBFelhaTeath £ G 4ok SRE gAY BRicEpgRITooys A She eiRmeghgnchors

PRt SemRBnaletoPlayertdsSHREES R SepicoRbDebr RiyEF.aCe,
and sai d het erogeneous anchorel ement anchors each of

sHﬂejrr@é?ﬁOb@‘rﬂnmfcﬂ*anma%rﬁtvwwemmdsam gepesitirg exceatinglstep is
Séﬁ'r |é‘&8 gyfgcﬁﬁ? Lmé)gelg{:tealfl%rﬁr;ge ér %ﬁgfsﬂnggt. Q/apor-phase
u ductor

recess raverses from a em con
temtaka,yraolecﬁIas@ednnm;bltdxyag\mposmtramdeposlttw meﬂ;aongmhlc chemical
sem _conduct. n

cAbor geRabdt ot YePanashoditn phLsied Ghpr fgkosiior

s&Hiittern @J@b@éltlbr@w gbpcé?a%'né él@@@@rﬁ* b&&IH &%‘b@kﬁlbﬁrdeposmon
| ayer. 74. The od of any of claim?7 3 wherein

ﬁﬁ%ma@m@nwdw ghml@bmn%giegpélﬁon,sat@avq ﬁaygr @@Qosutg]rhbqwd
t
sk egﬁt‘ésgeé@&{o%‘i#ax eHléaﬁdKegsf.%ﬁ’ ahd i 'cééﬂu;i};g

ar -’beam’epi t ax
eltapettacoof cﬂlmpo‘é:i tfudiner aumnraimgganl c chem cal vapor

deposi t chem cal va it i cal r
doposisel e veld S EPe g tEnstRy Byer BB NS sa RS
el ect rsgm&ﬁajncmta@@.qaa}@on dep05| tion, pI asna- enhanced
chem cal vapor deposition, atom c |ayer deposition,

i qui delsABISE saysl fﬂrﬁkﬁem@PQQWt%W@r}ﬁﬁ% deposi tion, and
spin 98&5\/%@ saIYOBanJHb‘? é@ﬁ@&d of claim73, furt her

conpri si ng: ectively renbving said sacrificial
| ayer ankaepeéatingesad ghnematidg faindstepseiting stehsc thmreby anchoring
top-| W second semiconductor layer to a third semiconductor layer that is
beneath said second semiconductor layer.
The method of claim 75, wherein the process is repeated until all the
semiconductor layers are removed from said substrate external surface.
The method of claim 76, wherein said substrate comprises a wafer, and said
substrate is reused to support a second multilayer structure.
The method of claim 72 further comprising:
removing said sacrificial layers;
releasing said semiconductor layers;
removing said anchor elements; and
reusing said substrate by providing a second multilayer structure

supported by said external surface of said substrate and repeating said
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79.

80.

81.

82.

83.

84.

rel easing said first sem conductor top |ayer; renoving
sai d anchor elenent, and repeating said generating and

waele@ssmsdsBng st eps, thereby anchoring said secopdI/us2007/079070

sem conductor layer to a third sem conductor | ayer
that is beneath said second sem conductor |ayer. 76.
The nmethod of claim 75, wherein the process is
repeated until all the sem conductor |ayers are

r emV%@eﬁsﬁ%F‘béﬁér‘étiﬁé‘\?ﬁtaﬁ%Sr %t ShERrs 2YER BF Said SémiddiRiuctor

met hod of claim 76, erein said substrate conprises a
waf er |layeng teadid ssibisateaaxterns| swiased to support a

S8R0l HEAAET GRS St ol ERAIRR byl
| sytastrate, rsalcemethog comhshistegri conduct or | ayers; renovi ng

sai d anchor. el ements;. and reusi ng sai d substrate b

o ovi GG NG e e TP Bl e cenPUS oL AN, SUpR e Ay an
Sa! d %’S&é?hﬁlaéurﬁa'ééfo?‘éﬁi_dcﬁcub%ﬁfbfé;SUbStrate and repeating
sai dsteps for generating an anchor that anchors each

of said sem conductor |ayers to said substrate

ext er s f 7 i : . .
Er anstis vt iftercbincO, SERGRS, demEtihdGcal contact with said
subst rtenefersiole emetdratliccymgernentrand igephgsizhl cantactivdth said

transferabl e senm,conductor. el enent s rted, by an .
ext or PAPSURIEI G ol E RIOWHRQ Frepen. tHRGRAY dnegolng Said
het er eganesieR cBirdéhes 88 sibdstialy/si cal contact with
sai d transferabl e sem conductor el enent and in

physical contact with said substrate or a structure

o] Y ied SRS hDBI T LT 0P ] B B Rt ABa s
vdreher eleseerd cotrgpised dpposiiing agcading dhlayer ofgeaoiasthat covers a
anchor el enent conprises depositing or coating a | ayer
oqorﬁ%r? 8f?ﬂggyh§t{§8overs a portion of said substrate. 8

1. The nethod of claim80 wherein said | ayer covers a

portion of said external , ,
The method of claim 80 wherein said layer covers a portion of said external

surface of said substrate.

The method of claim 80 wherein said step of generating said transferable
semiconductor element exposes one or more exposed regions of said external
surface or structure provided thereon, wherein said step of providing said
heterogeneous anchor element comprises depositing or coating said layer on at
least a portion of said exposed regions of said external surface or structure
provided thereon.

The method of claim 80 wherein said layer of material comprises a thin film

structure.

The method of claim 80 wherein said layer of material comprises a resist

material.
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85.

86.

87.

88.

89.

90.

91.

surface of said substrate. 82. The nethod of claim80
wherein said step of generating said transferable

W@ e008088dUCt or el ement exposes one or nore exppSES2007/079070

regions of said external surface or structure provided
t hereon, wherein said step of providing said
het er ogeneous anchor el enent conpri ses depositing or
coating said layer on at |east a portion of said
exposed regions of said external surface or structure
provi ded thereon. 83. The nethod of claim80 wherein
shieimiesyast ofgfiairmed@ wingrei saiorlayersofanaterial gamprises SiN or PECVD
g&é@gﬁ%re 84. The nethod of claim80 wherein said

Of materi al conprises a resist material.85. The
met hod of cl aim 80 mherein sai d Iayer of materia

ri SNor Ddlel ctrlc The
P el B e P a8 Eaiagar Tgrentiar ehel s O ORH Mepriaet with
CAHY Sabnyd hlfébné%ds@ébﬁé‘é*é trengale SeAfcHaueir&lement, wherein
transferable Sem conductor el ement, wherein said |ayer

oFaigriayer phmatesiahiaraieaies in ardiceniactacrid expmabgudacampf said

bfsf'rﬁfe &f mﬂgﬁng\ﬁﬁéﬂ*%{%” structure provided

ereon. Cl'aim 86 wherein said | ayer
of mat er i aI conprises a post structure that connects a
rabl e s nm conduct ar, el enen

SHiSrenar oA tTRT ybeth SelTEIHERY STt oot structure

pth@t’d:cﬂﬁféc@@ ERRMDbf S8R trJMer‘ébté"%i%n@ucﬁbﬂél@ﬁwe\mﬁf §4i8 external
said transferabl e sem conductor el ement conprises a

ssuitce of spidcumsliateoer steyriyre povidepidnaigemod of clai m 79

wherein said transferable sem conductor el enent

conprises a nultilayer structure having a plurality of

sBm mtftbni:d)faﬂaihamm@era@sa‘dhaamrhbkﬁ sgmicorduntdoelement
erein sai.d oqj('c erating said transferable

sCéDrW%rbgr?&fc?'BgFéeﬁ Y¥es providing a multil evel

array of transferable sem conductor el enents supported
an external surface of said substrate; wherein said

bem@FhQSjr @\H'%!Fh@ @’QPE@'%é?@rt@WQQ@ senRRRdugteRipment
h8S AERPSE sBEcRfe RARRY BDIdralifYSTseMlicouRidrdhyers.
W (I:ont act si%}he Sglgglese o?ﬁsgi g) aifpdt seftiic riayers
The method of claim 79 wherein said step of generating said transferable
semiconductor element comprises providing a multilevel array of transferable
semiconductor elements supported by an external surface of said substrate;
wherein said step of providing said heterogeneous anchor element comprises
depositing or coating a layer of material that contacts the sides of said
transferable semiconductor elements in said multilayer array and contacts a

portion of said external surface of said substrate or structure provided thereon.

The method of claim 79 wherein said heterogeneous anchor element functions

as an etch stop layer.
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92.

93.

94.

transferabl e sem conductor elenents in said nmultilayer
array and contacts a portion of said external surface

woRoisas@3subst rate or structure provided ther ePeT/US2027/079070

The nethod of claim 79 wherein said heterogeneous

anchor elenment functions as an etch stop |ayer.92. A

nmet hod of assenbling a transferabl e sem conduct or

el enent, said nethod conprising the steps of:

pA‘PNétHbdi‘%f b8SrhIHEd PEANLRLRESARAALGHEF oRhRIFRNaid mothoo

anchored to said sSubstrate of claim 79; transferring

sedraprisiag feestaps ef:sem conduct or el ement onto a device

S

HET R BBt i B B e RSl g puostrate of

selginc@aduct or elenent onto said device substrate by

printin arried out b ntact pri ntl 94. The

nté%mﬁéamgla S saniroldioceigast opltcdrupe Srgsate by
Irqmigransferable sem conductor el enent onto said

deV|ce substrate by printing is carried out by the

steps of: contacting said transferable sem conduct or

SHFETnd it S20REEGn 42K 680 BRYRGRIEADl A Soncerant

m&inmanducttoraeiefrmnabhte) sHdhdevioe sobstratelbgrmimitmgumctarrlealodt by

traqsfera e sem conductor elenent to said contact

SSHALENNIBY ng said transfer device in a manner

resulting in fracture of said heterogeneous anchoring

el enent, thereby transferring said transferable
s Ehe Bwierd ofslaigt 93 wherain satshstepicl transfeting wid & aQéﬁeéﬁb'e

téé'}ﬂn%f)ﬁ&u&&" Qf'arren# Bﬁtroe%é\(d beviRL Bhosidtd b 93{%%% iSedtidg%ut by

havi ng sal d ranst er abl e sem conduct or
dinesteesioft her eon; cont act| ng sai d transfer abI e

seni,cqnduct nt di ed on, sa C ur,f ace .
T amakas e e S serrouseg et o Bl Eibsiphie g neving
sgpantatt mgf@@ dhepdih @@hta%ﬂlbétﬁlé@n@‘amﬁ@cbrda@t_@ﬁr@bé@hbl%aid
transfer device and said transferable sem conductor

elransierablepriniepRdu@pelement pedsiseid transferable semiconductor
saa&gp@g,grﬁh%@gﬁﬁé transferred onto said

recel ving surface er éby assenbling said
moving said transfer device in a manner resulting in fracture of said
heterogeneous anchoring element, thereby transferring said transferable
semiconductor structure from said substrate to said transfer device, thereby
forming said contact surface having said transferable semiconductor element

disposed thereon;

contacting said transferable semiconductor element disposed on said contact

surface with a receiving surface of said device substrate; and

separating said contact surface of said conformable transfer device and said

transferable semiconductor element, wherein said transferable semiconductor

63



95.

96.

97.

transferabl e sem conductor el enment on said receiving
surface of said substrate. 95. A nethod of making a

waleososss3sai d net hod conprising the steps of: PeDUSZOTIY9070

the transferabl e sem conductor el enment anchored to
said substrate of claim7 1; transferring said
transferabl e sem conductor el enent onto a device
substrate by printing. 96. The nmethod of claim95
V‘é]@ﬁm%'nf‘usst?ér%fé%é‘cpo% dei PRseRAind SGfR@ %éré@i‘ﬁé%rﬁ@lr@ said
sem conduct or el ement onto said devi ce substrate by
pirangfenagle seroigondecionelemept oo saoecpivingtsurtgce 37 saiphsubstrate.
nmet hod of claim 96 wherein said step of transferring
said transferabl e sem conductor el enment onto said
davnetros ubBTakatgea vaupe isa%d n@th@jf cemginsdg the sﬂepzbhe
st eps cont al nsfera ondy
<PENEHID Siectins 4 hReEr coHeLY SHSUBRLAEH GG Geaad substrate of
sslhih@ee, Wherein contact bet ween sai d contact surface
and sai d transferabl e sem conductor el enent binds said
tlirwswémgkﬂa& kansfemhtrisesicoafiegtenelement an® @ davige substrate by

ﬁ@ novi ng said transfer device in a nmanner
resu ing in fracture of said heterogeneous anchoring
elmemaethod bfeclailbry 95 mauesdir saidsiep af tfahsfarrsfwaa@transferable

sem conduct or, structure.from sa
TanEPaRvrleRient RaibiRie PETHE ALbuHE B stdes RS eutby
heoHtag psrtiflgt r ansf erabl e semi conduct or el enent
di sposed ther eon; contacting said transferable
sem conduct or el enent di sposed on said contact surface
R E B PO WA <0l S8 s PRI b aheier e
twmisbeducdewdalemeah dnteaaid tevwing febstldte byqmntiog mtucmoed out by
eI e %fmher ein said transferable
torelenent is transferred onto said

r@cﬁﬂé&tlr@%awErﬁﬁﬁ@rad]éﬂQém%naaéﬁﬁ'élelrﬁ@ﬂ&mhda transfer device having
transferabl e sem conductor el enment on said receiving

sy eprlaet grfacs; wheaia cpalggst between said contact surface and said
transferable semiconductor element binds said transferable semiconductor

element to said contact surface;

moving said transfer device in a manner resulting in fracture of said
heterogeneous anchoring element, thereby transferring said transferable
semiconductor structure from said substrate to said transfer device, thereby
forming said contact surface having said transferable semiconductor element

disposed thereon;

contacting said transferable semiconductor element disposed on said contact
surface with a receiving surface of said device substrate; and

separating said contact surface of said conformable transfer device and said

transferable semiconductor element, wherein said transferable semiconductor
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element is transferred onto said receiving surface, thereby assembling said

transferable semiconductor element on said receiving surface of said substrate.

65



