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articular "use are | ayers

(1 5%95 ffllmicQ/Z RA06), ggeh Berel dneorporetedimcieieraase todeextent sot
incon 4R HERIWiY. | RGLPRIALRE X 1HFethibds and structures for generating

transferable semiconductor 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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and devi ce conponents. Individual |ayers are accessed
by rel ease strategies that provide sequentia
Iayer-by | ayer access or access to two or nore | ayers

si mul taneousl y. Those functional |ayers are C?J%(?79()l7§070

%?2?9@/0?@ brinted onto, or WO PCT/U

2008/ 036837PCT/ US2007/ 079070 i ncorporated into,
incafeqiiatessiny, dewiges er devippaRmpeneniy, by awite reaggef printing methods

ey T B8R 3L 530, bbb Phgsle i

printatilebatrbesferabte fanstienah birectinescontairedd lstmultiplaﬁ@s@rs in a single

ro . ) A b8 o BB 5 ure o by nc

decteasirgf thedibbecast oiithelorel devideayretevivecdcommpb@eneasi ng t he
final cost of the end device or device conponent.
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rooddl’ ' AheBE I e b B BB o sk TR0 RDS @@or high
perfoymanide pmwrltamruwhunmehmmgrea halvingad pitisaligf of functional layers
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thatsq%%}@té Igggqu@t [ t@gia(g Fpg Ip?%\@ﬂ%@:t |%Vgﬁnlayerapproach is

advaRBgeaeor & rﬁﬂmwmsf Sbr axaHpREmuRtible ﬁﬂéromS e be grown
exanple, nultiple solar cells may be grown 10in

in agingle deprsiis unotherely, awoiting IpRdNGANS ngoadj@m pﬁ@roaﬁdchambers
|
growit Qadiae s‘?frfa% %\“ép%rgtggggﬁ& he Gé%&@rﬁ#’f%%?k e%%fn%ﬁﬁy

preparation, osition
reqwmdrtansmgleﬂacgmfaterwabgn spprgachesmy Biis reguits aatausmlﬂcant decrease in

maARRGHRT Bkt pLPL3el ESRYE, HerB L LR e, ARFERBoIa ol

cost per
devite coegminegt. tlheaddmsm the dababd;tyi ozfmftmgtdff id:éwfwmtuonal Iayers from a

0 nen nadltlo thec abll f.t
mofi g TP aleRrourEr TegBRy to FEaRs Sbercs-Rspls hlfibucing
addmbﬁwlt |ﬁ8l$ilta§/bﬁstﬂtvéuﬂte§)onttlﬁe eamt%ePbther ﬁﬂ'{slﬁ@tet SBlrsHgraioee, ive
cons N a I Tl oNna |1 ayer Sstructur
muligyer 'ﬂ!éfragef& Isseqsily é‘eaﬁmkt?é}qw%%prot’ qe tmlsgﬁr?%{? éiructures that

maf@é‘?éa%w pRhted th plABes hid berl sﬁb'éﬂ‘até’é‘ﬂa\ﬁ@"a%@é r&iye of form
transferable structures that may be readily printed to

factgisasti cs and ot her substrates having a w de range of
formfactors. 20 [0005]1n an enbodi nent, a nmethod is

[0005]0Vi 1H&f drRbodRERNS Ae®BY i€ Bro¥idedayt ﬁak.ﬁgmoﬁa@wce

providing a multil'ayer structure having plurality of

comp@Rent hRPvidinge muétmyea spHelteg haynga nlté’aletwéfur@y@maﬁ layers and
a pluﬂéll Q/'Bf%l 90l |a§8fsatlh‘i’ﬁ‘is cBhii Oéqlﬁ%ﬁ(% é%t %%%f ?Ez Eﬂrt@u n(%f{ﬂﬁ%rel?ase layers

a er ar e oSI tl
are positiored lmetween rtlt&afuacm layerst ﬂmeorbwde Bpm tolthg &urctional layers.

At I%q%gﬁqtppﬁg%%{ﬁtb? th&g?rﬁgsl??;&g?%%eg%@)@alseh ot thethbi ltira?/le? Qtﬁ?c%re 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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25 separating one or nore of the release |layers or a
portion thereof fromone or nore of the functional
Iayers This functional |ayer rel ease generates a
tructure capable of being printed onto a suﬁ é
v&%@‘?”&’@ %8} devi ce conponent is nmade by printi ‘Sf’@% %607&70
nore of these transferable structures onto a device

[0004]bst Releasais useditready Apd irfats oasysreants fay sepaialidal least a
port?}hbéfter I%&gr f?é( %Wer@égé?é 5m§gﬁﬂﬁéyﬁﬁﬁaﬁir?n§:8?8%rﬁple the step of

reletsing ot tasta poamn qf i fnnctmgmal @aert fr¢mtarmgitlayar @ubstructure may be by

o L AERD oA DR =R 3 BB 85 B g vy e

relea§¢(§>]I Bayet that isrddjgcsnt o & mnon%na!tldangerrmthet maltikfyer stpmtmreL rTgw,e
nd, screen inting), .such as ntact printing. VWO
rele S0 IV ELBASP R 0 5 EFFe 6o BB O H e earliart o Alipetiol layer

in ré¥peAst 1o arsledS sirsulls. RoYexaane, therreleasas@hilng n@éy comprise a
| east a portion of a layer fromother |ayers i

cheritel Pr Bipsfcal BTG At rEAOves ahiSPet 3 PAEORP egplease ayer,
ther%@il %ﬂltéﬁ\ %Ie'a@é%? aft aﬁﬁ hPﬂ‘Jnelflor%I fa‘y@PtAﬁBn@tllmul% er'iowever

|'ayer substructure ﬁ ysi cal |

cape@paﬁaﬁe@g\gaa tar@%tgd reglpaselayer ey @@p@@dn@t %ry@qamplqsw@f releasing
t

step%ﬂhgggér}tbqt QYeeﬁ unc db(S,a?tcﬁ(ng gﬁ%ﬁtﬁ m lé%l %%‘é‘raa/b?s thermally

shoskmgl ohe oemonn eeleaeelayersl alylating ene:onmorwcetlmsalayers by exposure

of tf{qﬁrcﬁ'&qlqlstsﬁt eeri[, gcglglleg r?]r% %ri%tgnrgg%% 8@588{6% |a§§r 85 rﬁe nd c_iecomposing

onefpimersasiehse Ietybﬂs bﬁt@rﬁ&w@ﬁh%lu&sa@yemomﬁ a sberalcal agent In
t hat renoy

chem cal sical sti
an 450P0h BRICHM AT L AR NERA D atkteal BV 41cqpfing medns
localtéd 8R8 ePls @f‘th@ib?é‘reahd kyRabagnRlachRyed byAnderdutting atthose
however, 10 capab of affecting a targeted rel ease

end 3 Wit offulye HiaCliaea) laver n ARewlivelY.cyichprs AP ieYifigd 85 Bpdems in a
sachﬂ?ﬁﬂeg%%r oP Fgleége% tHér?&j Sidvidhg SR RNS a‘hrad]é’ée?]t layer or

ayers S OCkI ng one or nore rel ease

a subatyetes, T@beanph@'smﬁ@vm fyrthes ﬂe@b@ﬁ@e theygesign gfbreakable tether
0

oS BRI RSP LUBES EFRSRALTORRAY g of

methodsedisebseadkerleay tayerdinat carhaiotattaghedhte thellifed-offifayeional layer

i th h _ )
are féiiyed. P @R cmnet s sBer i Bled Ry Fehteci{i fid Mlftayer structure
withneegtamp, egert gsiaabletétmﬂartdstaafp thetidnaligra stamg is asee tetsiitate

s achjeved b rcutt at those ends to lift-off
Coniaﬁtsp'?q}w&tqfét?f’ae{ﬂ nggf’c UG {oegﬁ‘é'ff?%l y, anchors are

provided as patterns in a sacrificial |ayer or rel ease
[ood7c}yerTo ial&mtae@yransmieswnrtg aegighats afrelease ta;veamngd;necnmnore of the

bst Th h
funqipbgh aydrs Gy oveh WRENIbE SEReLPATRs R BsREab Lt oAsh Bl
trank@itfidg el digies, FBF‘éié?hblédfdr'afsﬁgrﬁl i:hEQfIS élé&ﬁérh@@r@étlc' r@di@hon the

portions. tionally, in any © he met hods di sc| osed
fungienalilayers ayeeatsleamam@kyﬁramsaateaé %@e@t&mﬁ@qtiqr@@@ﬂm thatis
p
coph 054 BRAD, BEUEEL SEETERER IR o e R FE
eleotmmagaem eadigtionus ransmiieddrons 60 mposﬂtasslémuch as the other side of

t I
e SRAAE AR S YA B AP e Ah by parily
tranpdrenrl tbahé etectromaigeetic enliationsi on of a signal to a
rel ease |l ayer, any one or nore of the functional
| ayers through which the signal passes, are capabl e of
at least partially transmtting the signal. For
exanple, for a signal that is el ectromagnetic
radi ati on, the functional I[3ayers are at | east
partially transparent to el ectromagnetic radiation
that is capable of ablating at |east a portion of the
rel ease layers. Alternatively, if the
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30 el ectromagnetic radiation is transmtted from an
opposite side, such as the other side of the substrate
that supports the nmultilayer structure, the substrate

is at |east partially transparent to the
v&éé@?’r‘%‘ﬁﬂgneti c radiation. WO PCT/US2007/079070

2008/ 036837PCT/ US2007/ 079070 [ 0008] Anot her neans for
[009&] e aAneiher Means forreleasing & an nigfadial eerckdogatedin & release layer.

Suclhaayér'é]pk Biiltatds ﬁﬁ Bt bAS o MdRe Findbhdl Ié\{efrs Bg a?BF;‘rir@ra stress to the
nore tunctional l'ayers by applying a stres 0"t he
systeys tseinh as be thearslaasetidyerr dheasack mgebe infiasiluced by anuynasns

ool B By THOER R Bk Ly eHIE 4 .

genbrayedhéoreé.ed force. [0009] I n an aspect, any of the
nmet hods di scl osed herein may further include nmasking

I t [ f | & , .
100G, e SRl oy By fle Rt lsclRER et ety e Bbies
maskiry atrleasiraepdriioredf theahultilayer structireh Forekampleea cagskiiayer that is
n oRii e o) ki By heB IR 3T 8o el Bl ora
leaéﬁ?@ﬁiaﬂ?breﬁ@ﬁﬁﬁg BXPDSUBE Bf G%e Or MBleERBEticHal RFbrd 1o dnedtense,

at least a portion of the functional layers fromthe

: ( he .
solvig} @1 ¢heprical AgeltRQVided Agchreleasesianah o tieasedat igast g portion of
E . : | iy _
the ARELORRINRRS MNINE nhiia) et 1ioRe: SB Simpek Bay be ysefuln
applicatiepe where the fuattimekblayeyisal highGenlitidayen that ihexnensive and
0, 8 fil is provided in
P rorgeoﬁgé;gcnb%@w{%ﬁéle%?@%gng I’%P 8}?%5 a?ﬁtéﬁndgﬂ onal layers to
further facilitate the step of releasing at |east a
[0018r t i loranothes abpedtumcatrienElm Isagrevided ineantaet wilhl @ne ersere of the

enqBRENES 8 Rkl RHATOR SR R8s Keates Bofgh i
fundtivaaldawaraliroen thermugltilayessubsirunigree Wi de range of

geonetry. Accordingly, the nethod is capable of

oo 150 HRE R Sl EligBh ER  JPU BB o wie
rangsoofitcamasfdrabierstriettires kavihg a avide sareget of gebmetnyafeicerdiigly the

tructure has a | ayer-type geqnetry. .ln_another.
metBad 5ceapaple ot aupdblion e 8 BT ot Baved B SIRF g pygeesses for
a wikBeayd of ddvibeddrid Gevide'edmpdndreasenutatgurel It Be aspect, the

functi onal éﬂaﬁ/ers@%enerat es transferabhl e structures

tranﬁfg{;qq{% ST 5;—3@9 g&OMEi Vi IR Bgenes gsiget. recessed features

are provided by any method known in the art so that at least one of the functional layers
generates transferable structures having one or more preselected microsized or
nanosized physical dimensions. 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
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nanosi zed physical di nensions. For exanple, generation
of recessed features in at 25 | east one of the
functional | ayers is optionally carried out using a
tterm ng techni que, such as a patterning t '
5‘%08/9%6 hot ol i t hography, soft |ithography, g@ﬂézﬁ(ﬁowmo
beam direct witing, or photoabl ation patterning
fungtignabipyert (res Examale, khe/zgequsnce ﬁésw@@eﬁwctorda)é@rﬁcaﬁ biesat least
r
one SR ool Yoy 8Lt o e LB Cofislitpbr aiBle H5sratine
senlieoreiuctor tdyen an‘eorgemappmimdwowriamer aanvinpfganic sgmiconductor layer,
[ I
a III({?#@ﬁ:ﬁaa%&ggﬁ %rc gnégﬁggé Ee\}%len*?‘e_rﬁapllrglﬂr BHp@YJ?& s?ﬁYdoﬂgu@tor In
anoienaspect pibbaeqliaya of. semicmriductarllayeny &r atdesgd 086 semictoaddctor

eponetry. 1S sel ected dependin t he en
layefS RRYG Hirlsre e CREH SRR B rits T BARSERAEH G Rppgone of the
fundtivRgitiagsralis mare fronForie BXMBES Gieldci 1896 @ ©Ae @F more conductor
sem conductor | ayers can be at | east one sen1co§?ucto

layersy iy ars@needigefroinetinay aygp R EMEIAKe BpY bg ddfefgtdnan

otherTYRdtBhbl lﬁfer%enﬂ 8R BAoRRertaXPihe fﬁﬁctﬁfn@ﬂ%yé‘vrs in the multilayer are
sem conduc l'ayer, an inorganic sem conductor |ayer,

the sameJ Irvar erribedinaent afuriciigral layandn thegnelileyerisel earapiexrecipe of
mdn@é&aﬁ Zérgzégé‘,gkgjcﬁ%@acﬁﬂ%lﬁg&rseﬁlébr%u%fb‘ﬂé;%%r.ZQQEEF%WIHSS included

sem con ayers
as aspart oﬂh&anpbcaticmy thessthaohinag ddrlfrécbfremtthsmmooﬁmm tayers are

refe?'gﬁg? iagn@pc OEVEP???%?%%IEQ% oﬁqa(iélvé(%%e(@ﬂo[ri@ggi electric

| ayers or one or nore conductor layers. In an
[0013}b o dDtimenfunctioral m;ite'rsmséfull inyertainrmethedsesdéribegdrereraynclude, but

are E%%Fq@he%ngf $r§qﬁ] Ilgg(telpi %rn C%r% 8@%%1? gy %{alhcgr &18&8ro-optic device
or armhtpdnameasf anr aedtfbrtldﬂe)pslaamelebrno@ptle abvide mscdsmpcment thereof that
S a co

s & BN oh AP UBE g 4 116 @ sloredl SraleiifedpRopoia oell & il

Juncﬁéﬁ‘s6I@F€é'I¢taO;5hdt@d48<H§ a light eRfttifg adegs [Aee] AdRIDS Bedice, a
Mogart of this application, the structures derlvedfrom

EEEQGF”Gﬁc@ ET dovee %raeHEMTeCFQV&? to as "functi onal
materials el ements or devices" (FMEDs). [0013] O her

[oof47nCtih @R@mboiReat, Hﬁ?Bﬂihe‘ rﬂulﬁ%&bﬁétmdm‘éﬁ%@égéﬁéﬁféma
hérein include, but 15are not imted t functio

al
substegjer i @masp%ﬁteatéea%pe@trelsﬁ% laygpisi Rf@Y'd%q’ between the multilayer
stru@cb?ecérﬁc{’fh%p#b%trgt%" 5Géh & %IEQ@%&@PEOS‘?{IO@& tdtREsH Qﬁuﬁctlonal

ectro-optic eV|ce onent thereof
layet aad aissibatrater tin eﬁo@epaququra:taleﬂse Iayerh$ not priorided between the
[
mult wﬁ?ssltrﬁ{aﬁji Iagg] ﬁiéggjabr%trjge 3 IB tﬁ’gt (aa%teb&egrﬁ!) her Ql[lbstrate and/or the
adjaeamttft,mctg)ndl lagler, pravidedee abdaty(tmedeeﬂteef,unatlmlwm from the

subsql%\fé.c Fi af a'svaeSc't: 'Ié %%ﬁ'ler SubStratd is |lt:'M];‘ a re\fease layer.

[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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20 [0014] I n an enbodi ment, any of the multilayer

structures are generated on a substrate. In an aspect,

at | east one release layer is provided between the
|Ia er structure and the substrate, such

a
an?oé' ?ayer posi tioned between a functi onaﬁ’&wg‘?m"”m

and a substrate. |In another aspect, a release |ayer is
enhagted,ehamigalovapet derositione alamic iayay eepesition; ligvid phage enikaxy,
at WRsHHAL /
el R R dcrhiton, cr o0 T S5t S YT HER SuipE Cinprorable
structerassare gemerdtech roimom aystermyend, tipomreléasesofiibe finaldundtionahayer

(o5 B8 B BR3Pl RSO 16 B d LGPl e agan

Suchmelisa dsalts inagost savifigd tomparkt itd enaeiufacturingt proeessmayvmee the

subfiFe e o cTneEERR de ol ahintorodibled MRS Rgrasvi or

devigé @ompanernt. deposi ting layers on a surface may be
30sel ected fromvarious techniques includi ng but not

[Oo@por%ggla‘é}éf %tgl;(é;grle,%rtlg\é\%lpydpc%ag 2 Qggﬁgyer and(/)or release

layeﬁﬁhﬁh@%Qtﬁ@ééle@cb@%bﬁ@éndé&ﬂ%m¢|ﬁﬁ§§bﬁé)@éﬂy FORN 0B surBate, such
deposition, physical vapor deposition, sputtering

as a&t@fﬁ@gns relpaseslyersanddyastiong! layetse tlp oA %@Qﬂﬁ"@vafp&heafynewnal
layePERARI thi J‘RH ss‘é'sas%r@:’tecﬁfro% % I %H@%H@@%ao
enhanced chem ca vapor Si'tion; atomc

nanerepiess.t Inoan embqqlmrqbﬂwy@u@&yeaatyuctenedm&m gite about 200
i
funcERANELE Bna R Aul o ekt 200 et tElied, THHElcase laver
depearyding on drelsysigro ru:onﬁgwascm ohayt e a$ thialasfiunrot iroathler eanpediments
est to the substr at surf

the (el e s 26 il T erdroib BROESESAA S B @R n The actua

seletiorudfithe lcbnmsmo:s @Vtrfegsle@emeedudt@nmuﬁaetb@sém @n a number of

perd e SO FPBYER | ISFeSiREgp GePu i Ul LnEianahiavers (..,
epitAe PGP, REMaSE IM@H@B&!UO& Q@ﬁéﬂaﬂﬁné@dbé rdlaXeRY if growth is not

structure optionally includes a functional |ayer
epitagipl/ by addifigadae reloase Inyen GRMRESTioasEoaIt %C@@aﬁ@ﬂ% witgthe
1
elodd) ey Tor RAERIN Aol RS0 BLERIIBY crtilho P
exampleeiiaiieiaase, me¢i‘@niammt5tbmackmg\,y\émmgraam@dwns@kayel@%e@lected to
he range of about 5 nmto about 50, 000
fac'”%a%%ﬁeﬁgl JErraquhéan enbodi nent the nmultilayer structure
has about 2 to about 200 functional |ayers and/or
[001ZboutManyt differieotdeiCEs arelcansiklelcipeing. mate usisg @ay of the methods
p e [ e
dlsclog&fherﬁaﬁgsﬁlgﬁ{n?n&el% tﬂg%‘ﬁnéxgxn or .5?89%2 AHEADLY mdlEhg 2
photovoltaic device 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



10

15

20

25

30

15 the rel ease |l ayer may be thicker, for exanple
bet ween about 1 pmand 2 pm The actual selection of
the conposition of the release layer material is rrade
based on a nunber of paraneters, such as whether it
WR03/8%8Y0 grow hi gh-qual ity functional |ay (‘STII{SéO(H/O79070
epitaxial growth). Rel ease |ayer conposition

thereoffsam anetor mgye oé theclungtianal faygisovidimilady, mogthegs amxpravided for

R

fundtiunaltliaymalhatl |a)tsael’sa bhoﬂmwbltmc pell, suthapeia Eotavoltaiceell Faving a

th h b ki ng,
ore<HAHRG? Seapistgh LSRR OBRULEY DU Bt 0 1 act 1| 1at6 opt i mal

cracking. [0017] Many different devices are capabl e of
[0019§| ndn rmdmeuehm@dmmtpmetuhmnmen eoal snedinaat fop seakirigea device or
an as

devigaeP I OREB phEteLs SPeIce! e BustiIEE of clTenef 8 p8Hion of a
sub$tfRE SUFAEY. Qﬁéﬂfi@ﬁéﬂ Riyeflieised b%écﬁ)rto @féntc tatmemnbtthegfacmtates

di ode device or device arra aser arr
rempyal o 8 functiopaklgyerdrorg ariiosirater aye Sherificiel éaY%{%a a receiving

surf§tEfdr F&Fé;\ﬁngi h ﬁ‘&h&tbnalﬁa{@r‘?ﬁé’@hﬁl‘: tﬁ%‘%ﬁﬁﬁhﬂé&erﬂ@gél@@n@ly

a nanoe tTonechani cal devi ceE@L 0018] I n an
atterrmbddnyrﬁémmemwkwrt indhergttio aev twqﬁlﬁ@g iubstrate or film or

coafuib\r/ t s(hb@fr fe fiR% @@s@gn?m%h%ﬁéﬁf et Site?s Bt %@&EH%BBstrate

ures. er abl' e 'sem con
correspandsio estamtlel amher fegmnsalf d fonstional jayet when dfe fanctional layer is

f
oo oA B4 Bt R PSS sofors o
“andhien edgientahatl coyres soridsoi thé patterined Iregiens st thesharnificidlyayer and an

R AR o TBL sl 1R Al B s fctone ey

frond !h@ﬁ]n@l@ﬂylﬁg sOpsteatef T’hB %nﬁmtdaﬂﬂ@hctba)é%ftﬁ'ldgéldl@rhemtb)to facilitate
ds are provided for mak mgna phot ovol t ai c dev'ci\ored

Conm"eﬂékﬁr@feo%fﬂP@Pf@if'aﬁ%ﬂm%Pﬁber'& 3t £QUESRPNSIS Pt URgN
regn%‘ r)@bbr‘?iﬁﬁ'of L@ﬁﬁcﬁﬁ&ﬁ%ﬁ layer istrﬁfélafse@ vﬂfé?éiﬂ\’cﬁé Péttémcd?'fu nctional
as a photovoltalic’cell havi n% %r esel ect ed

layes eqcim eerpaing igasd naﬁleﬂsoanwhﬂred {a thesubstrate@ng] atfeast a portion of
the %ﬂgﬁé}%ﬁ Iaeygpﬂgt' dFRbred 38l QYESH O R fefoalelBthBRby (Rherating a

making a’devi ce ofr
plurality of transferable structures. The transferable structures are optionally printed
onto a device substrate or device component supported by a device substrate, thereby
making the device or the device component. Any printing means known in the art may

be used, such as contact printing or solution printing, as described herein.

[0020] In an embodiment, 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
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devi ce conponent, where a sacrificial layer is
provided on at |east a portion of a substrate surface.
Sacrificial layer is used broadly to refer to a
rial that facilitates renmoval of a funct
W@é@?’og?‘gm a substrate. The sacrificial | ay &@goo&m&mm
receiving surface for receiving a functional |aye
meaggtkaowal in thenart.sehiasi by aptampibat selectivelyireqhs @dne@nal structures

it

fronﬁ%ﬁd%r?){ré‘%er*éﬁﬁgst rdgtﬁi‘ﬂﬁntﬁpqwtfgﬁalcéggcﬁﬁés friat Frﬁaéﬁﬂrre%ﬁ@nd to the

patteutibatwaeorlmnallyaaﬂnheem)t’fm sagrifieiak leyer. The pattern of
exposed substrate corresponds to potential anchor

[00 239' RSn%Ym JlMBﬁtt 'aﬁgﬁl‘ tﬂegzé?tren*gﬁ'&?réclégsééﬁ\g Ibm%rein to

er 1s su sequent dep n particular
proxd@namhoeetwam At incorpioratey eto Hesmultiayee glosassesasf theptisent

e 2B APREHE S0P AR B By PR tyers o

the plesent |hm~rt|en|tlsat&se?a:ateé{ fhuglcﬁdr)]ndl tayers toabvide [addmbeal rhéans for

contzol Bl BEsinord MLrd b O LN Byl EReatLoh UhRletie [PV aee
controlled lift-off of functional layer in a pattern

[0023)at Ieanothepemisd lnmertthee umaemeibio iseal nretigpcfor fabrigating aplurality of
s rel eased,. wherein t

f t
ranglerdtls AEBION ot SREIET ISR B Ehs PLIVIEYRG 7ad, S\EAdrocesses
providd for aldnufaneb @f adarige ﬁdﬂ%@@béte?@rﬂs fofh Asinfleas eraand/or from
portion of 20 the functional %(er not anchore

mutfigle layes with §a¢fbiaaers@pabiqqefre%g¢r 59er BiTaNgy of %?’B?%’fﬁ ?%zwe" as
prmﬁﬁmé EARiIRY ﬂ?'a%dﬁbhﬁ%lé‘r’i‘r@ﬁt prEBSsélrﬁgar\%h%lﬁé’bR)cessmg of elements

trluctures are plona y printed onto a devi ce
thatecmettarehee toandwdedwing sHjaer nForsmele dbe piethodieqn eemprise the

step%lbt?n‘gw\ﬁ&lﬁg a%@é%ﬁ% Bchf s gﬁé{éé: %uer‘i ?ﬁ QQNQSP’ é&ﬁpnsmg an

nent neans knowtd e art
inorgerecl sersivohdastor ddelacted pegions ngthereximhaitsudacg ermmaalged by

oS3 B AL B0 Y SERAGHE opdd oons anc

unmabkePregivnatof tieasktemap surfacen A)blum&y btiretied featires etending from

the Ssinl Ao alp e Wefnast oPeru Agetehnodng Smasked regions of

the @&ertneﬁsdrmetdfwwafeayﬁf trﬁmtanhér BPleasi® portio of cnet feflef features
substrate. 00211q n anot her enbodi ment, the re eha5| ng
that varies

eacehe\@ aideast PneontALeR SisEISERER NAYIBERL IRt SFlR
spa@g 'tHS Iﬁ'fgth 8t PRI EdsPBne ?ﬂb' fArﬁitr%r Ph&SKRT gistep, wherem a

king the sacrificial |ayer, atl ng

secm@d@ﬁﬁomﬁkgﬁ e mm&ﬁ gidgfsurfaeess ameir@m éhepomtay@d %e surface is
only f% &'n‘?& fﬁﬁ%gtﬁ‘e E%&ﬂd rﬁ?’s'l( C?hlsﬁt%ﬂer%‘?ésofﬁﬁ Rdd'ghd Pl‘?masked
acri

icia contactin € sacrl ICI al
regiond progided atnngathe mggth of tﬁleesndajsw'faoeaarrheammasked regwns are

ional ly reppved or Leved . 7 . .
etcr S BRfesale A BP0l i ahB e BianronfShnpraigea in the
multfasedt adgyby a stanp that sel ectively breaks functional

structures from anchors, thereby providing printed

10024;'c &y S peee e GRS Bptry TR A Fela B e B ysapoypror
wafdrafoe exarhple223ilicoranaterhadhgant 11 povientdtionhe pat t er ni ng
processes disclosed hereinto

[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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5provi de anchors that are incorporated into the

mul til ayer processes of the present invention. For

exanpl e, the patterning may be applied to one or nore

rel ease |ayers of the present invention that separates

QMO | ayers to provide additional mearfE 007/075070

controllably releasing a plurality of functional
surfacaseofitaé secesdédfeaturas to taagtive @y:eeftshar[tss)amaptch regist materials. In

anoff BB o elifing S5 T il B i ety CRBRRE Hlasite

Reatia/ iorhEE:tcthmg aBtmftérEd I()agtm“ Ehamatyor ﬁmhbnpatnmem‘sheﬁh pdorgtivdy

I CATTE R CENNCEIT (SO, W {0 TR T

| ayer capable of generating a plurality of elenents,
[0025] Welhlanmtmdhmdt thee cortadri grofilgs bbtheamritduirecthside sLigfaess have a

plur l{tf/) %g 3 ng% egt%%gwgggrgqtﬁagtagﬁﬁerg gtoaf pﬁ{;ﬁ@g%%xtgh tttp]% engths of
aldrg?r(‘i@é’@rfé‘c%% FRRRKARBlE! e dontGUirgnsfiled may®e riiges, Bppied ind/or

havi ng an external surface, such as a wafer co

Soalpertionguh acoseeH 1RaRTaE POMdesLed 8 USRI gRES oRNY RLte Hidges,
nppfé’éto‘? sB&loped rsit@?@d ?éc%sggété%ﬂ;rgé’ fNcAvh 9k Readov hissks Hﬁﬁﬁg the

he external surface, thereby generating masked
sten@‘gnmgath\a aontessecaide syrfaees by providingdhersesond meskdbereby

aenéhefh 4 it Plec ol of B ST S A" 000 ol el by

et chi ng the unmasked regi ons of 20the external surface
[0027] t He awaa‘seect afiihe Inventiem the steptof maskingdhe eprtogredoyide surfaces

o 3G ST 5oL BV B ppor BEpod @

mateisl! i aI l'y al ong the | ength of the at | east one side.
Anot her maski ng step wherein a second nmask masks the

008 HSF TR yRSbOBE o HAShE UirIe RAO Ael lrces

carrigdi gt gmlﬁt&mlmhﬂg sumh mae@féﬂhatetglacmls:qnnwmwing an

GBS, Ao e DR BB g FOE oIS e o

via éﬁl@tﬁfp%étbhmg%ﬁéﬂeﬁ@méw;ﬁél@h @dmoﬁﬂfirécﬂm“m\bfdtﬁisdlafort\hafer The
mul tilayer array 0024 of thes

anisgisppis PAHING (PURNaRARIPY Ry ReeasiBa e GuTiTiedaeions of said side

surfd@d #f a st@ig SxPl e a silicon wafer haV| ng a (111)
orientati on 30 [0025]In an aspect, the step of

et chi ng the unmasked regi ons of the external rface
(0031 HB SncaTerodigen e anBan! By wyBrsedaspben ok de gurtaces
genér‘a@e:s PRSI aNE sERfcdnBGEDP R, WikTeih @ath oh &1t Slem@fts are

resist materials, such as by cyclic exposure of
connénted fattbe WatRD(a 2/ WBIge EfevasMt1 1 S2007/ 079070 surfaces of
the recessed features to reactive ion etchants and

[Ooﬁ{]g rgﬁétstﬁe apdieis¥eScritdy W%B?ﬁa\%sé’ﬁfafsk thdies gh efvhngsistant

carri e out using ductively Coupled Plasm
maSRealdxth aeeflnsbw@mrﬂgna%@fthétraé ets esistantimanksor a
conbi nation of both Inductively Coupled Plasm

[Ooﬂﬁgﬁltlh \gﬁ? agﬁé& RYindBRkidRUE femBedhoPor é8sérhBIRNd plurality

transferable semlconductor 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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5 [0026] I n an enbodi nent, the contour profiles of the

contoured side surfaces have a plurality of features

extending lengths that intersect a |ongitudinal axis

of the |l engths of said side surfaces. For ex Ig hgﬁ

WOHOH3Kr of i | es may be ridges, ripples andﬂ%ﬁﬁm'M7 70

scal | oped shaped recessed features provided on said
semidotidustor Elecents proyidef! in Benultildgersarray hypd ercess etihipirspeant

. shaped recessed f [ ' .
el e it ERSBAEIL SHIS P RR e PR BBt oy
making’ ﬂh@cf@ctrl'mﬁticﬁielm'ajtbrr@mﬂmeaemhd etaxtrionictdesicebyiny of the methods
__generati.n e unmasked, regi ons of .the sj . a .
ciscllogd PErein 436 AFKEEND SIePLNEL F coiel o o R kL g™ ¥ of he
metHBSKdiBBosdEnErali Isaveasipstihg el that ascdiiedoomiyengentially printing
second mask is carried out via_angle ,vaPor deposition
trangferaplergemiceadustpain diffeseaidaysreof ’5’%‘8'@9&/@,' the step of
et ching the unmasked regi ons of side surfaces is

[00323" I |18 @nQHhbodimeRN tHOSHMPY Geflicdtidigior Slepheras inv fifst lyer of the
wafer that is a silicon wafer having an

111
array ieXpAIGONDAT MarRitraneiehlp %q@cmﬂm&em%étﬁémé Igyer o he array
pos@r)e §,L,4(ljgrﬁg?fﬁ thé fikRldybfd out via anisotropic etching

erentially along”<110> directions of the silicon

waf er. The ani sotropic etchi [ ti | ] i.ded
[0033) oénethercernbedimembaiias PrRRBRYSHIONSS M lapdROTBaking
tran§1‘é¥%tﬂ§ Eeﬁwfboﬂﬁﬁétbpglg y ﬁ&qggéﬂé'b@"én@m?%ié?@génedub%nchoring
etching of the unmasked regi onsS of the side surfaces
stratpgies: Bueh ansbotimgprivisies s rursler of aduariaees eprapaigddo non-

e BE S R PrabesofL RIS iR 10 e ot suorors

the ds:s;cfefrdb@lelgmehmg ehhdrrwﬁel teanfséeyk:ontnattaricbermnee@ registered transfer.
resi st gnt ' .

i EbBt 2R ARHES oo eBne by AR oA RE oA B¢t iRigeomery

of elefsitd iham aicSrefeatetilvpttanéferedenbl ing a plurality
transferabl e sem conductor el enents on a substrate by

oviding a plurality of tra er,ab ] t :
100341 o FoBbspnBagS Brcrofind et cbkest 20 38 FALEALEA ichor hat i
an ihiagral PaH YT tHgfuhbRorial RiyeF. eajdnersl emiethoild wf traking| teamsferable
on the substrate. For, exanple 30 Prov' ed ar.e. net hods
elerpantiAy PRGIOSRNAVS BRSTRNG SYBIMSS GPUeRAlly SNeRPViginga water,

depBbifiSd b QBEAER VayeR ontdl Rod¥eh RS WaleRgulidte, abfmisg of
oroviding the plurality of transferable ) :
senpamgUOoDE 8ETIENtT byIgny Ean$ doewn in the art, and defining anchor regions.

The anchor regions 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 geomeiry
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.
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sem conductor el enents provided in a nultilayer array
by a process of the present invention. The
transferabl e sem conductor elenents are printed on a
substrate, thereby making the el ectronic devj r
%@ﬁ?&'ﬁ’ﬁ@ﬁﬁ of the electronic device. Any of t%@ﬂ%&’%’é’&%‘”"
di scl osed herein use a pri ntiﬁrig step that is carrie

S

d
[0035]t  byleterepereoysranehPHag” (Awy: Fdbst At ZhseRbuio an ardhes kgt is not
an ihfég?él E)aptat?f%@ﬂﬂﬂi%él %e?,ts%EIf'\ ta@%\chérsctﬁétr Ar8 S Y oW different
sequenti a er abl

'y printing’trans e sem conductor 1n
matgfialfteartite $expieondustortiayermniis inadg of thel G2 Materiah but that is
defiﬁ%'%’ gﬁémgﬁranggﬁltﬂé 'sgﬁw'i&gndg&m 8@%%?& e ;ﬁ%(?ééeiﬂttﬁe E{/Etgm. One

layer rray expose one or
advantags fof hateregenenus anchoringrcoed pamed tshomogeriemyis ranofioringerelates to

arra ositioned underneath the first r..10.
pet oSBT Sinsaryent et narivedint G Eriye yspavle warer
footpEhth Al SheheteRigeRBolis stfetbgy ambedpearitCo nafertivprovidedpitesvafer is
honbgeneous and/or_heterggeneous anchorin

coatit il g SEGTTICE IR RERURAAICI GlATBRS aTadaingd: grd heterogeneous

ancROVABHRARSrE HBPASIRY that AR BEMRLAUSYSIRBhsANE an aspect, the
rocesses, such as nore efficient use of the wafer

anchordis asepisbmeaterieh such as sfoigresiskereRibhisiicor AitEgfeer other material

t e I e ad t ,
a4 01y ARS8 BSR4 05 oo et s
simiariyviesistelddryaidnzanchoned regiorsv dihet arechge ovaytsipan dfom the top-most

t f ,
son P RS B Rl B il wer ot
Rer?@faegﬁsacmlﬁaiﬁl Iaye:’rmlbvrdbata rhe?rwfo'r rrf]mcgarirag ?pmcli?_onéd telgons while
unctional layer. |In general, nethods o |
the RRCIACP R FeERS AR FOTAPd orfoB SYActls SUSL Ao Y A Bgransier for
exahpled Phi zpoeier erbodihént fr Atmaltiwgye? sy st empandton ?r@ides
sacrificial l|ayer on at |east a portion of a wafer

ancheringRie topdayeiitp gnBrrtiRe semisondVeiRe lRyer pitelRgtiveba tfie
K&qﬁk' : 19 lns. The

ancanc orys%e%!f%fﬁgé@glreﬁlg %ﬁm'%@peci?ﬁsﬁlgﬁms of the
sem conduct or el enent. The anchor regi ons can

[0036) r ApORIdhe aneherinsravetanesprentionglit Beds Ry settgming one or more

of aSaLM G4l Ofun &R la1y€r, Gind r8IB8 SO [FeH ¥y dH§InEhs known in the art

relative Yy ’Iar e Surtace areas an ar e cc_)nnect.ed to
to generats exnased waterdubstatesangiormxpaged brderlyingsenaicandypter layer.

Therd afleno BESRIET e setitfortfkp U BRGTR ks Rrable Ceicnauctor
elermants casclwell aslfar egpkimg eleotrorsc Hheces bndéded egrpporants from the

Lti-layer odiments. Alternatively, anchors
tran{s%ﬁbé%Bg%acopﬁ&@gwlgm?&%;ctor regions that are attached
or connected to the underlying wafer (e.g., FIG 35).
Renovi ng the sacrificial |ayer provides a neans for
renovi ng or tBREST RESCRIPTION &h TdEARAWINGSenent s
while the portion of sem conductor physically ,
[0037dnnddEed i 8 schematici¥ustyation ofafravltileyaastidcture\g a substrate. B is

a clés%‘-’@pl@%%?ﬂét%?% Peﬂggs%%yer 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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[ 0035] "Het er ogeneous anchoring” (e.g., FIGs. 21, 22)

refers to an anchor that is not an integral part of

the functional |ayer, such as anchors that are nade of

a different material than the sem conduct or

WQ20080363%f the sane material, but that is de?(;ﬁggoomwom

after the transferable sem conductor el emrents are
[0039]ac ebIG. 3 contrasigswordiffataet Ehemesiorsppaitingaelease Eyesuom a
o BIRESHIRFEPEN S STRRRRRRL S ARG Bl e 8.
remiokglraf releesd layerstdme aif dtdimeé.v Bluitslapdr struchifres conteinmg verious

b G SRR BN SERR LT ept FARLE) o roese

laydr@¥es provieiet Go CHBC TABLE 2 rgsrbducdsethd élindtiodal layat complex layered
het er ogeneous anchor el enents are deposited that

recigg PF)IdeLRiFdGndtict or regions. In an aspect, the
10anchor is a resist material, such as a photoresi st

[0040] Si NG F ib bGRW-thdrt bfte)ease of eMEDS foRpROtoabItdideby Aamuniple-
pabl e of anchoring and resisting

degree of rigidit
layess-pf-ptimg fPr‘PQﬁS(?éN'%ih%Qt'OP? EOHSEPTRUPENRE- r esi st ed by
non- anchored regi ons. The anchor may span fromthe

[0043P- NPIE. ﬁ@@f@w&wﬁ @leds@){ﬂ'FMElDQﬂﬁEhbtw@rtém by “driyl@yer-at-a-
to the underly E waf er substrate nmoval of
r

tlm%a%WQ‘Sﬁd’Y'@IOm@?é epis e fbsthatReans for renoving
unanchored regions while 15 the anchored regi ons

[oo4 AR FIGC @IPETh8izdsQde st |48 @blatiBH b s@sarbte @ﬁméaasétlayer
transfer, for exanple. In another errbodl ment

for
ilusiratesi the gyerall pracess B POVISREROrOFMAG Bk SHH@H@rfPhH‘ed@'eése of
FME%?Q fArEDE@s 5 Ia@@r iﬁ\egﬁ‘éﬂ Y& RIAGRIEhSR RUMFA R Zil PR process for release

ternati ve anchoring systemis for
ofFME@ﬁbrILEjD@rbstemrcahh@tmor | ayer systens. [0036] Any of
t he anchoring systens are optionally nmade by

[oofﬁt Loy, '?%Lﬁ‘ﬁﬂﬁar‘?ies;@%%rsg% fmt?oqﬁféﬁ@ré br‘ébﬁ'at bﬁ}fﬁérface between

nct i onal ase Mé nmeans
FMERswand ithe mnthearsubstaatg @nd ﬁm@p@tkr@w E@@V\@yb‘sqm theemother

sub%ﬂ%/ﬁgé g gg §§ gﬂgﬁg&g‘céﬁﬁbg% &ﬁﬂ?%ﬁ@ QH{E e ck ;ﬂg{ffustra\-{&eﬁ% c%verall

proctersansB sreafdbv@clsemrsomnmmztngra pioeassfos relassevel FMEPsffor LEDs by

el ectr (o Vi ces or deV| ce conponents from
Pfoﬁa&é’“{‘aé E’P‘é R P rrent s 25BR EF

DESCRI PTI(]\I OF THE DRAW NGS [0037] FIG 1is a
[0044]henkIG. 8 siulnhmamzestrbmaseﬁJsmgraJtarhétaryarr byintraducinga@nack at an

t L
intefigeee e FRIE Bo Apfl AR St SLbRs pRp IS LR el FDs away
front ﬂieerﬁéﬂhebyutﬁsﬁmé/ A |IIQ§tr§te§iﬂ¢é bdrall plocksy.eB provddesak iemgmple of a
structures. 2B is a flowchart that_su rh?zfgs -
Strughip rilif tileass o1 MEDS By GRG0 2 i dacs FRBEh AL pHgmarizing
one oﬁe{)&‘;s??ir;éﬁeéyfsbréﬂ FRESSs ( aﬁ‘bé?rof é’?NﬁTs)?@slhé adArff R ladd Ahe

or rel ease o
sepagatian ommwnab@d@edm@ft@nmlbct Tr anS| stors
( MESFETS) . WD 2008/ 036837PCT/ US2007/ 079070

[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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[0039]FIG 3 contrasts two different schenes for
separating release layers froma nulti-I|ayer
structure: A is sinmultaneous renoval of two or nore

Ayers; B. is renmoval of release |ay
‘gﬁé&%ﬁ&g% time. Multi-| ayer structures cont aF{:]ffH§2007/079070
vari ous functional |ayers functional materials

[0046le neRlG: 10ris @esfiiustisse @E@ﬂm Of%wwtrséﬂaé%@é reeasfdrs are
pol%r@ééélﬁﬁé?ahﬁ%r&oﬁs F-M@b %ugteﬁﬁgré vé F%?n&)‘éx”%f ééjﬁ?iﬂbial layers,

| ayered reci
shopodwoe M amuttllaxseregepmxpydﬁzﬁacn talﬁ@yeéa)se of FMEDs for

photovoltaics by a "nultiple- |ayers-at-a-tine"

[ooJPf]OC epRs. Witi8 a%bﬁﬁ@?llu%ﬁaﬁtﬁﬁo@@%&?g{ fz‘% Mé&%@l

is a flowchart ease of otovol talcs
propggatlog@,q:r@yr@;calhrtmtaodmdtqrw process with optional
re-use of substrate. [0042]FIG 6 sumrari zes use of

[Oolllif]serFl@lﬁtlé 9 rts&eséefﬁw At for iRl R ld?)éﬁ‘(fa rpr%us or gr?%/cgystallme

| ustrates the overall process. provi des an
FMBD strusturescbyirendvat of mrmeiablayersof Fl\/EDs for LEDs by
| aser ablation. Cis flowchart sumrari zi ng one

[00&%0 CoEG. f1§f¢\515 ? 0@%@}‘]? 'gf%gé:cygpﬁraﬁ%rncle B #&?ﬂctjlé?rc'&’r wavelength

[ ation sunmari zes rel ease
illustrating thecinatizagion raadKraamsmigsiomioes by @cSisstarcelh. BNEB@l@tmj the

thedep ol T i sBE P S Rtcab 87 Bttt duhctBop avenadify ore

values gehizved aﬂyesmgreecwsmt end polyciystdiliras stsart defis oFeomiDimroth and

wurl FHGR Eisreneyeiali 8ot Do s g A 2 2581800 '

i ntroduced by chem cal neans. 20 [0044]FIG 8
[0080] MeFIGZz d4 iiTustratesehaisiatiige and aurreat m‘b'tdhi‘nglq;roinue raddgie goglity

dev@ar@hron R WARErAP ReoeER DI %fﬁ’?ta&ﬁks Bul.

32:280t(Reo7substrate. Aillustrates the overal I process.
provi des an exan‘pl e of a structure for the rel ease of

[0S ) 1B SO et o pfdr s o a5 SoteAS devics, (gl and

relafediSteltute | rrght)a(fw ThRimbto! eNaf"DvENS0 R 2fHEHRNAEEP/GAAs @ndem
crack int roduce mechani cal | [0045]FIG 9

solar pelifs AR BEYs LedgenfBBL (t9%7)k combi ni ng si nul t aneous

rel ease of two or nore rel ease | ayers and reuseabl e

[008%5€ FIGL h6 iSBSBREmaliRLStAHEtRN dfA rhiitiSayrattRire foVpRviding low-
| ayers and sacr|f|C|aI | ayers are prepared on a nother

COSQI%PP%@'@E‘WEQ?%‘?B 3y&h¥-i cat ed, the sacrificial
| ayers renoved to rel ease the FMEDs, and the process

[0053} ' fméaﬂ?‘i% a Aciéatid Mé‘rétfeﬁbﬁ%f%f@s%%ﬁdferﬁfrﬁﬁﬁ%Sone layer at a
Flowchart of a correspondi ng _process are provi

timerprganizeg 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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WD 2008/ 036837PCT/ US2007/ 079070 [0046]FIG 10 is a

structure illustration of a substrate for rel ease of

pol ycrystal | i ne/ anor phous FMED naterials by sel ective

renoval of sacrificial |layers, shown here in_ a

WRPOPIHFEr geonetry (4 sacrificial |ayers). [TOBUWSHECR

11 is a structure illustration of a substrate for FMED
[OOSEE]HDVEG B9 iSpsopamati¢ ifgsteationatipadial yeleaﬁemfdu@@‘@nawawe by

048 2 .
oo A S e o I ] LSRRl Mok e e
also IEIKB)\MI) Thesaleasé Isaefdrreday asspattiaDbeLalsa desmesi remain tethered to
N e NI T —
the Bé\ﬂ@éﬂ"ﬂ)&@k@ﬂnth |5Sir fRYhavabiforseXaniple, eyl fradfuresof @ethémtg stfuctures
10 theoretical Iimt of solar cells as

andgpirieuAsngAn plagtomesisiampy Ssauinesarg tae Siepd et emoving'tne
ancﬁtgr]lﬂgeé’tﬁ%}lg?hs % ETrga'gt%Lé: ?&%%tré‘t‘é%io@ - y&doshionl dfimati-e9bRstacks.

urtz H gh Efficiency
Mul tijunction Solar Cells" MRS Bull. 32:230 rg
[00561050716- 20 i3 a sehematic lketsationaf pagial releasaef T tP@ﬁ@'aVe"S by
parlER SR oPIARElafhrP (L) ol e el ot Bme (oo also
FIGK&B) zThe/REaRe ib refQBsQ tcza@ “Rarti@7 pecqusesiEyVicesrensin tethered to the

ouoB 5oL BRESPAS PPl Brkle PR a0 o

devigks happars @i thefrirernewal, fon M;hmAby frantﬂseem‘éf@tmrlng sltrugtures and

TR RS el e SR ety g e

ancll%rmd stiutture'te pRPafdtie dubgttatedof wpeatiogthedbae-aelrat-a-time
ayers.
releasey process” (as in FIG. 3B) and to prepare the substrate for re-deposition of multi-

layer stacks.

[0057] 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
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 muiti-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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[0053]FIG 17 is a schematic illustration of steps for

transfer printing, one layer at a tine, organized

arrays of silicon mcro-/nanoribbons fromnultil ayer

stacks created on the surface of a silicon wafer.

VEQ PIY8368Y ri bbons can be printed onto a wi de? Wg076']79070

substrates, including flexible plastics as illustrated
[00593r e.FIGh@3 dms lselerhatieiusirationef pestrefemise|tipatmenteof fynctional

e TRl Ao A P73 Dy R o R b v s

proc(e*s@ rsurmaamd) fhat Seperibediin g 1G. mn Thé agestictioack asfivationdayess, often

o B e IS GTSES1 6B g EARRY e v

and%@gﬂﬁﬁé%’y@%nﬂ%@ﬁﬂd)@?@ﬁﬂ)rﬁ&@%ﬂh&l& (é&lvaﬁorﬁ) between the

schematic’illustration of partial releas
relepsaetleyensand Qa?%@é‘dkf?at&ﬁ?'t(iefﬂ elasiRs0eN Stampﬁenaé‘c?&é”|°£%§eP@'°9'°a'

nti é\;’i%{d{l cial layers), several release layers at a tine

© é ée al'so FIG 3A). The release is referred to as
artial" because devices remin_tethered t

fooed]

bstRlg: @4ailueiratena prigjesdBa-TlmybEDs ondigsiict Qfé19| IED epilayer
struEt%P&f\éSHWd: ﬁ Arhi%edr&ﬁéé‘d ﬁ’\rthé %@ﬁ@réoﬁhﬁge PEDR@rd8MbWER Ss being

r renoval, for” exanple, by fracture of
capalale loé réleasesirom @ wates, buhdot omiaestackagsargigerstien adhese LEDs,

how%x%rn%ﬁ ﬁ%t?‘o?}aﬂﬂ%léé‘&% aembﬁ%ﬁa 8 &ﬁf gﬁgaut[g)ﬁngé’ H@@P&Q& herein.

Ures to prep AFe strate
re-deposition of nmulti-layer stacks. [O056]FIG 20 is
[0061]scHdGabds alschemate ilustrasionmd staps| for @beegfmgdiulk quantities of

snchLB5H1F Bilfo] NG IAPErBREN 3 i ATBYE il chebRafolaiom o

con@értionabUfk Si(136)wafEheThepeaess explois tverasnbioedhgse of specialized
te

SR S R

dlre&tﬁiﬁév PHysidz Nbpémmﬁloﬁra@msamm@mf crhd?ralcdlea/tcmag The dashed
appens. upon

boxBs bb eI NG raie e APPBPOIREIONS Lh e PRBt a7 i it BUE stands for
bufiBled @B EtchsP. This figure al so outI i nes the steps
of renoving the anchoring structures to prepare the
substrate for repeating the "one-|ayer
[0062]| ¢ KIE- BBz 8 S8rieg gsqaRninggledn rgh%ogr@% gfpadﬁg? ﬁé/vafer in
iBnd,af b d at ParRius Stafdsof fabrication of
o8 42 g ot ol ol skt aes gorcton

mulfileyeraatacksiof ribhens:otfatnd blaftes vagtICﬁbeﬁcamr(bQP% o Brasiyee

b
tren?é%%{vﬁl? ?H)l'&ﬁ s@é@%a;flg X nt%rﬁg‘éitfﬂléggﬁ ik gﬁlé %hg@ééﬁ Jaﬁ?ﬁﬂéposxtlon
of mital maskiaslayers; (eammugkm)taﬁeaanlspbtoplcwet cbemaé etcbtmg (KOH) for

2 ity et afdR feniiiial ey Bt ffefidet o7

| ayers are renoved. Full release or separation of the
[ooanavu RIS, R41ip )= phtograpkiand (e aod &) opficat misragrards abpi(111)

nbbgﬂsg %rrrf%@%% &k hﬁ)&' n%ﬁft(df‘ﬁ%%ﬁﬁm S%gec{’g C W?g r?pﬁﬁ dt9he ribbons

sho@whap%a)ait vasomyliengls o endgaifieatidn.et ch st ops/ anchor i ng
posts to prepare the substrate for re-deposition of

[Otl)gﬂI ti FIG A%8'is ft)aacp otograph 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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25[ 0058]FIG 22 is a schematic illustration of parti al
rel ease of functional |ayers using |lateral etch stops
or anchoring posts by renoving one rel ease | ayer

?&1/‘0&'8?7’ al layer), at a t| me (see al so FlI Gpdcﬁﬁgznmmﬁwo

ase 1s referred to as "partial" because device
te via, the Iater

i.n tet dtothe substr
“th%%%%'w% ehgosifas SxFi afer fey PvSaee! PpBIRiSuHEISTCut by the
anidob@piadenhdnitl | rel ease or separation of the devi ces
happens upon 30 their renoval, for exanple, by

[00&41” ¢ s 284 (i Ghtoal raagsr t@féries 4500 Do gensiy Pihted onto &
subStrSBof Pﬁly(cﬁr‘ﬁ'étﬂy@oié]%ﬂ %)@Kt@hl@fo%b ﬁﬁ&@ﬁo@@qmggé BHd line scan

posts 1or repeating t one- | E)(]er at-a-tinme rel ease

fronbf%lé gbkong fa@muthe RITey Sheyn i)+ Ehpiagpepheot m’@e@mewfyﬁﬁ@f film

g SRS EAS RIS B e syt s o

trangfeh printingusing asingie pcessedpBisthip.el ease treat rrent of
functional layers with anti-stiction or activation

0041 1AGADE (01 HAYE RSP Bl S5 s

silicamribbaens for thmselmicamLiom |(bh0pm@ rmycrogfapdrtop view of a device. (c)

Trarkir i Sl R Bl citbleudith b P Gebice

| ayers (anti-stiction) or to pronote adhesion
[0067)ct iRIGt Bbshows vereus sitlewalls ameating to/differenh8Ta-IEREIARI

conﬁf‘% LR CufhrBrBBATREn POBIPRREREE, | ] iat ot es

a printed thin-filmiLEDs on plastic. The iLED
[0068)i | Hl6r 32 shows theuextentadf sheddwiggmaaskors. aagles dui elecdranbeam
the.left figure. These LEDs are shown as being 10
eva%oa[até%qe of release froma wafer, but not froma
stacked configuration. These LEDs, however, are
[0069)t | FilGL BY shewsasdDAX enengyldisdessies specifdsgop\a(ERB), stady.
di scl osed herein. [0061]FIG 25 is a schematic
[oofoh' “ﬁé%&%ﬂo@%a teﬁBf?o??ﬁaJe?é’J SF@SBJP% bul k quantities
of single-cC srTrcon”m €r 0-/nandri bbons, in
mul til ayer stacked configurations, froma conventi onal
[0074lil kK Fi¥5( 39 D a am%naticnmest@tion@éandaqne@relsasm@sin@paﬁtemed
ialized 15 etching procedures to generate
sacr{h% g{%c;e%%t h scul pted sidewalls, shallow angle
di recti onal physical vapor dep03|t|on and ani sotropic
[0072pt dHENBG is onet exannple ofthe praséasdifdGe 85 avnerdAuligfaleased from
PEd\}d ﬁﬁsrate the zoomed regi ons that appear on the
ri BOE stands for buffered oxide etchant.
[0062 JFIG 26 is a series of scanning el ectron
[0073] cr ddEaPhprayides i Ibagesvaf & multileZd strytiide (rdef seyen GaAs

layeg (ggglg 2@@ %?rg%\fq‘?(g é%ﬁ%d]ﬁle (t?y Alg.éngjA@la)\/érg\(\gac%t 1067 ﬁr.kﬁ%'%k) ready

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

[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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mul til ayer stacks of ribbons: (a and b) after vertical
etching (ICPRIE) to produce trenches with rippl ed
sidewalls; (c and d) after shall ow angl e physi cal
vapor deposition of netal nasking |ayers; (e t hr
W9 200803857ani sot r opi ¢ wet cheni cal et ching ?28‘1%/029070
mn (e and f) and 5 mn (g and h) foIIovved by r enoval

[0075] t hElGn89ahowaEplicai3inEYEs obthei GaAwlpyersyedaliatadaiemaaaultiayer

o B £ 5 U Sl APy S0,

respactivelgr aphs of the ribbons shown in (a) at various
| evel s of magnification. [0064]FIG 28 is (a) a
phot ograph of a large, aligned array of a four-I|ayer

stack of gﬁTﬁdLé%EﬁFWﬁ&N of e IIWEN?%N i ew and

(d and e) an Vi ew Of scanni ng electron

[Oofﬁlcr OQERRY Bt h%ﬁ?avﬁ@é@lhge ﬁER]‘@PaI ‘fhcﬁc,aa)t Iﬂé‘@leﬁ’%@énd the same

ructures "at the en e ri bOﬂS eaves
nunatier acpeahrtg)mtmereuhale phg drayingfefers torihe samareéememiatln addition,

nerb bR EIRiMnG ge I RPHEC f one, oven after  they

have been conpl etely undercut by the anisotropic
[00Z%]c haffrangf€@@blE] Br Gringblé sar¢ alsedptterchangeabyeandrelates to

oGS A AR IR A i ot ar

capﬁblerdwﬁﬂﬁfer imemﬁm galtémings ozgalqﬁzlrfg anrl/énomtegratlnigmﬂo or into
the a .shown in . Phot h of | exib
subBB S & STOOHITARL eSS e odes Aretrapaes e Hyfictre or
elenbrhtlloh ohé BOBSrale taysotheosiadtd) yuéiwes frepcthesndfilayer structure

transferéarl ntin SI ng a single processed Si, chi

to a[dRyEs] Subeirate@riasdgvige GINSIRANEE! sYRRAsted &g e w@*gﬁgﬁn

Alte%atﬁe I Rsdrelble ge‘?@l& té‘%%‘ﬁ’ucture oPblehfePitat RsHnted Oib drhe
sem C nduct or tical mcrograph top view of

intetregdiate. SL(ogyratgowqhgs astanp that lifteto(f dhe stgture or element and then

subﬁ%@?% réﬂe\%ﬁ@ﬁﬁ%@r%%ﬁﬁe BF biehlent td & 9 |€e %Mﬂétﬁfi% of g‘eoﬁﬁ)onent

various” si devva accor
thatds bh erdeviceSiBstraleR| & ancemobadimast, ﬁmdpmtlngcnmurs W|thout exposure of

the gﬁgﬁ(ﬁal R)OPQ@Q t{;er% Jrgﬂgenfﬁt {egﬁpf_eggt@%se@s an%lg Fgrgi to?‘a?oout 400
degfdesatélsins o elaoneverplsgdiinentof the present invention, printable or transferable
materials, elements, device components and devices are capable of transfer, assembly,
patterning, organizing and/or integrating onto or into substrates via solution printing or
dry transfer contact printing. Similarly, “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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15 [0069] FI G 33 shows an EDAX energy di spersive
spectroscopy (EDS) study. [0070] FIG 34 shows a series
of 7-layered Si ribbons. [0071]FIG 35 is a schematic

y |on of anchored rel ease using patte
Vgé ?0%?63 structures. [0072]FIG 36 is oneﬁegﬁg%?@wom
of the rocess of FIG 35 where Au is released from 20
IOOmCVDTﬁara;terapmw@uc@r grBentgeal tReRresert yeponscomprise

nﬂ%&%ﬁdu'cﬁ%%fru Fe&CthHf Eree'%)‘i’ftooée éé‘éé‘?ﬁbléﬁ‘é\ﬁ /gﬁhh?ég?at%@%ﬁ]'fb substrate

nmthic separ at ers (each
surfaoes, rien exanig by éadsvamsier mﬁa&t@éntm ard/gr gﬂutme@rmtme methods.

t
n o LA, B3k N5 Aol HENCS8RTh orton v
unitatyesisgle erystailje, polytrySaimef oroniciicystde iebrgaaicesenoinomductor
s, RS 3R b -t B RRER S [ RAT: ctomen
havimgyfeé@yﬁ that arel rﬁb@iaﬁﬁball eoaiectéd. pSém "H@ﬁd&&t@ﬂ@leh@h&i_ efthe
" shows that no SI i.can

pressAt BN BTy O (FIdOP B0 BRI SBETRETS BRPHISS A9 58 Fkibution of
dopb%@ﬂdﬁh% bé YopE& Whth %%Ibﬁ‘aﬁ{y df'%énﬁodah?m%ld #Rding P and

exfoliated froma nultilayer donor substrate via a
N typpidopstignphe prasestiaventinsy iscludesimigigstpiciyred frapgtesatie 50

GRS b T H SR B By s

equaltoebals 1 inidioo #nd nanbetrmtareeirtremsaéetablew@rm@nmiunm@ments

no R4S B BB B S AT Ll 6 A 9B
Trankférable semisorgutor:elements useful in many apphcatlons comprlses elements
derived from “top down” processing of high purity bulk materials, such as high purity
crystalline semiconductor wafers generated using conventional high temperature
processing techniques. In one embodiment, transferable semiconductor elements of the
present invention comprise composite structures having a semiconductor operational
connected to at least one additional device component or structure, such as a
conducting layer, dielectric layer, electrode, additional semiconductor structure or any
combination of these. In one embodiment, transferable semiconductor elements of the
present invention comprise stretchable semiconductor elements and/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 (MESFETS), LEDs, or optical systems may have a different layering
configuration and/or compositions. Accordingly, the specific functional layer
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[0077] " Transferable" or "printable" are used

i nterchangeably and relates to materials, structures,

devi ce conmponents and/or integrated functional devices

that are 10capable of transfer, assenbly, patternin

W WBP3#83g and/ or integrating onto or into sRiEY 5122\0(@?070

In an enbodi nent, transferable refers to the direct
mcdrpsarawdentodhe muimlaymtsrtnuetm dependsmn thedimabiryicrorsdeviges

t 0 _anat her. tr such l'tilayer

compopgat I *btl#‘s%ﬂ%@Peé‘ Ign%rsv{nﬁifa éﬁco?p%'%geéfvr:'l ce or

conponent supported by a device substrate.
[oozm]t er“R@téasellayer‘t (sametinesbeermediteas “sacrificiat layer’ Lneéersito a layer

thatﬁg geﬁsp B@énaﬁl)é r 'sg)tnggog\#boa}g ﬁlécht gpgl Igy(%g 'Af]’%%ase layer is capable

of béhfuetnavéd or pl@vmmg”tbthaﬂd\etah@fbr:‘oaxhlﬁeﬁngamﬂayatiormfsﬂﬁefunctlonal
t he structure or

layeE GREUABRT 1oy RO 125 BITEIRYEAS EEt TRy SITADY 7 g foe Tayér that
yﬁﬁgaﬂéé&%tes Wr%sﬁéhéét o HpIRRTdal, Shenid Ocklierrﬁédl@ﬁdkﬁ of

substrate to gh tenperatures (I

electremagnaticségulptiery f@h@ﬁamﬁlee&ﬁarprdmlyaﬁmctwde@éa? kayer
com&%ﬁn?ﬁ'a selé&e r angﬁﬁggm m8&nd B \Ali’l“&ss%ﬂarétf&\ﬁ%ﬂ berovided.

e or e 20 naterials, el enents,
Meahsvfocmuanamtmerbysanam@ednvmre§eaa@tlag@mr§ l@pwnr@mﬁ ant, such as

S n r
oy RS i TR oSG e h RS Iolehei8) clf]@main
conhéctes tea fwwtlbaaitla)mrj sudhrag a Sinatibrzal lgyer that iremaing attaghed to the
to refer to the tr

used sf
remﬁgmgepq{?ﬂréo {l)'uled'%lf Iflyﬁrgstgﬁ; rg;or 5&{%1@% ﬂ{y(t)YsosFeparetated from
the FatR&hingtpRstiorsafahe ﬁmltﬂaw*ﬁrﬁb@?@ Th@teléamhy@ns opsomany

stanp or a substrate that is i

|
subgrayEepty sopafalns 3NV remavRd frog) &51@39“?@%@?3 pr | nt i ng

provi des | owcost and relatively sinple repeated

[00d1]2ansEeppsitedby HREb P! rdf@’@-tb amructnfre ghanis ﬂbnebarytea‘t least
structure to a device substr %th{s achi eves

partiglly 9gracsulsiratg suriceex me@t at e@;atf iglly on one. %remore mt(ermedlate
struéMEe%E pHitfonddlgttéer e diRRHiIré Ahd ts SREHtRtEsHTRRD The term

rate. "Tar et substrate” is used broadly to refer
“supporied dydesibsiate” inmay alsopefer it dructies partially apkdy embegded in a

Subgtrr%gsferred structure. In an enbodi nent, 30 the target

Strate is a device substrate. In an errbodi nment, the

target substrate is a device conponent or el enent that
[0082] i t"Selution ppipting’del imgndedstaster i procesyss whereby one or more

strugtgu?% %ﬁgﬁ % ?9%1?%%9@ gérg%%ﬁ&?ﬁl)rogé%ng %F@&@E@r‘%& into a carrier

¢on or e resent I nventi on
medigmpEmidsisliseneiddio acoatenteds mauoemowladm regiansalilacsubstrate surface.

nd/ or .inte d
i o BB PR SR, TR P4 388 ogions o o
subStehtetsufface s athigvedrstrhettieds that areindeperntient of the morphology
L
prinBRY WeityctisaldeaBR iR thdThisBAT Hddritionl iNCludél®uBare rot limited to, ink jet
sem conductor structures. In this context of this

printiegs chetmal giansigr grinting pnd cApdanyractios PANtRghol i t hi ¢
el ement

[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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having features that are mechanically connected.
Sem conduct or el enents of the present invention may be
undoped or doped, nmay have a sel ected spati al

di stri bution of dopants and may be doped with a
WO 089363837 of different dopant materials, indHdSRY7R70

and 10N type dopants. The present invention includes
present inventiarchecaade itrafiows @ssdrnbly aediintegealion of adllwakty of

oo AR P AT A BIBDS OB en o

Contdot pahtricpibltee prosienbinderstionralst enavies efiestiva draasfer,emsembly and
on, l.ess than

e 3Gk ohanp e <o o PR SRR HR B G YRl Buctors
(e. gli%ﬁi‘rglémb BefRiRYidasslsd, @ﬁablqymst@mﬁ@ isefisonelICiors) beganic

derived from"top rocessm éa/
SemiENRUBAISe CAEIOS, na@em@t%r@lwgﬁ diglectric c?%?‘%{?‘ﬂcﬁ)@ ntact
print eHYILTr He prREEASNESHIBA %bﬁénél@' ﬂ?&vné@ RRPreasiah régistered

erature processin t echni ques. I n one enbodi nent,
transfenasd esstmily & transfa semispadngiorelementsdn praselgefed positions

and ggéﬁ orlgﬂ FoNPFdISe48 %Q%rtrw‘?oréto‘”ev&g%ﬁﬁmﬁ@iﬂsgﬁeﬁaﬁemed on a

Aor- Operattonal . conrected to at
devisddubstratal Coetdct printingoie mésotcommpagiblenvituaayids tarigens sgbstrate

N N T e

and PhethiReaed slistanes m@pmidal ahd anshenighbl mroperhes attractlve for
sem conduct or el e

SpeqBRR SaLSTS, SUgh b1 BXBlEAD3 S, B BPI B Jolsashgpeatie

sub ?ét@é QBARPRIEEI SRS SRR sﬁbfbﬁ@ﬁlessubstrates Contact prmtlng
079]"Functional |ayer" refers to a la apabl e o

assemb'wmé&raaﬁe&ab@ Reich EIPLEIrUSHUre B e corBRAlI) rﬁéﬁfnpé‘?vd""th low
temf;&%fur@ g % gl sosd thlﬁ"b? b% alftd 'QQBKP ik bitrib@e taNéls the

ce or ce conponent pendi ng on t he
preq@at Optmﬂ aystems ite be dnplementast eingariande OEwbétra@nHate”a‘S

lnC|L§a %@{noggﬁﬁi %&cSﬁgogé‘B Gegthdé gf'ﬂgﬁ 'r’géﬁgggrr%iau eg’;sr%ﬁn %’gﬁﬂo‘i“ymer and

IS a SO ar arra
plastit 3ubstrajed. uBontaonaintingteansfef, assermnlymm integsation ofalavice

el R0 8o 4R bRl 1 B PEe IBRrrde 18 ERSrt hich-
throi?@h;ﬁﬁmnmgﬂte%angu% andiepstems| sudngs wil-tswalhprirdipgramd flexographic

il i RS e opial Bk o oMb Y e comect

prminr%ﬁ&cﬁé’s[ with ﬁ%’ié?ﬁ{) Aidt Pacilitales tRherdr bofistsreé MobHrsamp surface to
or opti cal stenms may have a different Ia ering

a swgtﬁaﬁegasnrfapeom am@ d@@ﬁ?ﬁo@ﬁﬁ%ﬂe is a elFBIMRIIClaRe

Ao Be Sl SR8 ASE 0 arast (e Jovios) substrate. The

fouogmng icfergacesstelate taiself a@qsaemms teﬂhmtqn@swhm mag Pesisedin methods
evice .C | b

o EHGE SRR R By Bl il igfosbil be

semictheucter elements Via anonta‘ct prirting andéor" solwta‘nqlrmtmg t%chhay@s and are

oS b by SR BEFE (1 M B porossemoi

a rePieWes ré€em \eFerteT, JQUQ‘O Huiegsmhhaﬂatmmd QZOOS ) 12, 264-271; (2)
facilitating separation of thefun% ?

“Large-Scale Hierarchica Orgamzatlon 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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| ayer fromother |ayers of the nulti-Ilayer structure,
such as by a release |layer that physically separates

in response to a physical, thernmal, chem cal and/ or

el ectromagnetic stimnulation, for exanpl e. &g@é n
W68 rel ease | ayer conposition is sel e’t’: 29(%/0%070
best match the neans by which separation will be

(20Q51)R91c630-638; anshids “Flertrisdiglet 2asisied pssayblyand Hgnraent of metallic
nan RS AP SPAUTEN BB R A BRI e

rel ease layer may itself renmin connected to a
[0084]nct‘Canvigr fira eafersda etmaterial thaifeciitates sanggationtafayers. The
[
corh T Py SEREE ] el 81 <GB8 RO D Sl pater
positieped adjaderﬁtrtom layes thataidasing fodre ieoroved. t'ﬂhte carriarifirayeay be a

coniptie t BRtaripe fsHeRE feaidipd PRt ghdifperic material or
phofdﬂékﬂétl raa@tial, ayerein BORSH fofsepamplied do the mawnlbls;brbmtie§ release of

eferstoastrutur that is nt  at
the SEMBPSIA §F TRRISHAIS o6t st elyiPaieyes (oushatsen [ngtonal Jayer, for
exafpld)i al [y on one or nore internedi ate structures

posi'ti oned between the structure and the substrate

surface. The term "supported b substrate” al so
[0085]f o "Sepricandyeton r@éerﬁéf anwmaje thatig @%@&H@ﬁ% #n lpsulator at

a verf RPEhigtrSturd, %8&}“&%5&1 S5prBEibblel d)sctritat condwtidRdat &

refer to processes wher eb y one or nore structures
temper@kuras of a@o@ﬁ@pa\‘%ﬁl@n s Bnhedresant desenriigrnyse offpa term

senﬁéo%e%%?% ihfdhBed 486 rcbﬁéust%ﬁfj\wh'r%éé‘ gt B devif r.@@hé &h 8t

concerted manner to sel ected regions of a substrate
microeteicirorics land eteotopigrlexiopss @emwmdq@torﬂusefgl imdbe present invention

VR OHSORIAR G545, B e amons,
comipodrg satkohdottots) sucoap grdupdy cmmifomndpsleymcmmiuctors such as SiC

cteri CS h sub trat ac [
and S8 kiR T VissTuBendi s o o8 AR AAS B APE B . cans,
GaNIGsre ﬂhSlt) MAB! Ithﬁln ah@fMF:JCbeou;%)ut—vaémalt‘wéerhlbmdlﬁtbré @llcl)ysnsimch as
rintin ermal transfer printin ar
ACizasdbroron 1 semicasbsiors sich 5% brpac oS ool 75
ande‘Pl'Teagr%%BJqlVIP&mi@bﬂéﬁﬁt@r‘s@.:@”@%@b le@IQée%ﬁlt&ﬁiu%fbrs such as
transferabl e sem conductor el enents in the

PbSyEbhe@adiSns. u@@réemqungﬁghoés sushrasRbl2pViPfe aw@ GaSe oxide

sem'Eo% flfc‘h tP% teitnl éégm difcﬁirrlﬁélﬁ&r infsic
nano ransrt er prln |ng an assenb assi st ed

semiganductocs andsextonsic eatrmndpctprﬁ nhaganesdqmdeyﬂth@rm ofi mOEm%elected

e DT e A

matgrials &biprovidd bémefivs efe&b'balcspememmll umforfor a gwheanphdahon or
tions and p(gSItIO s rela
ot ey

deviggn THEFe8 PP eRGOT IOt HECHR ESRBoT R mRfar B Qriy g ugure of

semfdohBGétorLarid/an@dRints. aSs&diid serdidendutieanateriar uskful for in some
di verse classes of materials and structu i nél u§l n%
&4 id, S Ce, Sic, AP,

applicaipe AtNERspEe (vegtion inelidgaRicarediat Lot

AIAS IAIGH 9G§N)’é¥aﬁ' GhAS, 688h Clﬁpdh@IsOG%SbOIrﬂﬁmMs InSb, ZnO, ZnSe,
Sem conducfors, carbon nanomaterials etc

ZnTei €HScEdSesZnSmdrdendds: GeSe, CafeddgS p?bwnfge RbTRoAISaAS,

AInRS, Afib, RESIH GAIANE N54IAP. ARSAARY 'AYGQW’VFH&dgl%P Porous
preci si’on redi rahster and assenbly o

sxllcd)m sersfoonditter matdriatmaneatseful Erappticatiang qﬁﬂ“@meeemtédvention in the

. pasitions tJ al Lent at | el

fielo} 3ehords 2B TEnRABIR: wBlsh R P AL H PG dRIEER) and
substrate. Contact printing is also conpatible with a
wi de range of substrate typles, including conventional
rigid or sem-rigid substrates such as gl asses,

cerani cs
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and netal s, and substrates having physical and

nmechani cal properties attractive for specific

appl i cations, such as flexible substrates, bendable

substrat es, shapeabl e substrates, confor mabl e

VQBUB0368Ys and/ or stretchabl e substrates. CoRtXE§2007/079070

printing 15 assenbly of transferabl e sem conductor
solid stajie tageess Impucibepat sasnisondustoranalepale areetams, @gments, ions

I

andyifiibali Gt fRhb a8 il FleAdiGTIRIERS or y dopants
proviged tnthetsenbeoriduptos maieral. lrepunifies aramlgdesifamm@ter'@mpresent in

mat eri al s includin ho hat de S e .
serfipuyif-e i fua Biels By PabiiBl AERRIRR Qo ioptiielor
se@c&mbwrmte@@,ta@inplndeibun@etrroamsﬁted ,tcla axymmrbb bz?rbanpland metals

integration evi ce e nt.s i 0 be i.C
nciylpafiean Metals BesnnDetinedies aelyds, Bubde il gmitea o, the group
of eltingdhts BeQWIARMWOPBF AR (€28 dreBis Peﬂ@@ué ta16, GHGilaSodigmend all

as roll-to-roll printin and exographlc printing
ioNsyEPRERYNGHanY s eRBlexe Qft printing" refers broadly

to a dry transfer contact printing such as with a

[o0S8]aP [iré]é&tnf: asid ididib&fic hMAssdIesreQsell %?hekﬁﬁﬁods‘l)om tRe present

stanp surface to a substrate surface.

In
desgrigsion anghrefertpa sybaiaﬁce éhadjis Riphytresisant to f&%ﬁiﬁlectﬂc current.
t

Use%ﬁ'@ él?&ﬂ@?ﬂa\f@rjléés Lﬁ) Ee‘r?\gc grﬂfﬂe_{’e ,;@(ﬁi? nglz%a TOZ ZrO,, Y03,
SI3N4eSé'Oe|B(S§'s PrLéﬂ'aPMN @ndeH’ZT assenbly techni ques which

may be used in nethods of the present invention to
[008712N STRYiceFRRETRLF nidhflit) HeRIrS PR Gleld é@élﬁfn%béﬂﬁy f an electronic

d

sém conductor elenments Vvia contact printing and/or _

devise) sudhors piransision asecimpuied ssingduirus curreotrctaia aoréelsngndlng to
n their entireties herein: (1) "CGui ded

the ﬁ%c@éﬁ’ ??Vfggl f-assenbly: 30 a review of recent

efforts”, Jiyun C Huie Smart Mater. Struct. (2003) 12,
[0088]4- 2The in(/er)tidhuaag be Sarther uridersteashby: tile fallaysng ranilioniting

oxe LAY 85 1R M Do v

extent Bdt ind@isisteAtAbith theYiscldBure bierviths SAathngh difie description herein

D nensi Q nostruct ur i nto Fu
conRETBPRL Soe K A5 B SCATHH 5h Ge SRR U AR RLBO YRR SOpRpT the
invetfiah besadvinekdig brdvidig 166€&tionddf some of the presently preferred

2008/ 036837PCT/ US2007/ 079070 (.2001) 291, T6%0 633 g
emhog)menis of {he ipventiang Fesexample, ISFOREA Pu'@‘fﬁ?@ﬂf‘s puld be
. . |
ceR rBAPS o LR by S Blgy 8808y o crampls
giveni | m' refers to a material that facilitates separation
of layers. The carrier filmmy be a | ayer of
ter t al
005 & A Eep S Eh RSt lent el Do
incorgarateddntorhdeies of deviee compeneé a lawrpelanarneasivia multi-layer
r
pror%é%%@ﬁé%rfe e*a{?ﬁeﬁlg o Qg?ulg%g%rgs‘,rﬁ[e@?d;r? 1§ahtagr¥ntga€f B@%ﬂfyoﬁunctlonal
layers (RMBDS§) 20 rsqaroappdi ireBIG.d. t Fenctanaayers 20 evé desarated from
. rel ease,. of 0 site_ of terials.fr
aidGRRETRGIg [y Cetregarar Foiid Bha JuhctBng tavers 20 and
releés@lmets) 30 M&%Bhe&@msub@td&tetmrandfeﬁemmai tayanat) is itself a

compast PERPLERDLPRRHFS: MBI istoR inys? 20y eSihefse v
epﬂ%}e@§h§ Ium@{ratéer(algct;s ub;sew 6hAS theper 24 W ﬁﬁdcﬂ’é |a@bouft Io(?vQQ)ped

lvin. In the present description, use of
GaAse?d. @sd FulewsF laygr phi-8paed G@é\sﬁé)d&ws@ aplgr wrllSh Tlr@éowrest layer
this termin the art of mcroel ectronics and
el ectroni ¢ devices. Sem coldductors useful in the
present invention
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15 may conprise el ement sem conductors, such as
silicon, germani um and di anond, and conpound
sem conductors, such as group |V conpound
ctors such as SiC and Si Ge, group I]
‘§§%’O§§ﬁ%gctors such as Al Sh, Al As, Aln, AP, éT\I’USQég@H%m
GAs, @GN, &GP, InSb, InAs, InN, and InP roup I11-V
is suppatad on a feleasrildyen3d that pwgs;@@mrﬁ\Sa@aAma@g&medg}rwgwed-

Vi
Rolier 7 FEIREL Bt by Gy Wi org 261 e
mul@a@er, stgratung 10V - VI seni conductors such as PbS PbTe
and SnS, | ayer sem conductors such as Pbl2, MS2 and

[00(.?@8e ERthARs F@I&W{hﬁé&n@ KiRBs BF st ﬁ@@d@%@leagg By etching,

rmsemcon uctor | es Intrinsic semcon
dissahdionx burining, etcs éamycoadns obiemavabiof an emhedddd wacrificiai dayer or

o RS FEt 4 1 Pl e GBI GRA e teecvon

etchtvedissohvalds/, burvef @malediwoadrincoraltinedscsfastenthian the FMEDs, and/or

mathial GlaEluts B Runtyey PR ereEen inert Be My kbt excosure

to tma@éntsﬂs@g f& rEBhOVEIN 6T té sETFcRP naqz@ﬁd OTte RIEHseNa @3 aké removed
Specific sem conductor materials useful for in saone

Onea'fﬁp'ﬂl {i&0r Mg opMore, §a‘ﬁﬂf@§é Ryerswefemened ﬁtf‘l“d@@eo'bﬂy are
not limted to, Si, G, SIiC, AP, A As, A Sb, &GN,

[003HP, KEARA iffastuted Qﬂaulﬂlléﬁ‘,ir straafhe 10Mh 4 AAsk IdyePa10 that coats
Zn0O, ZnSe, 30 ZnTe, CdS, CdSe, ZnSe ZnTe,

at leggtra poq@g o Fﬂbg;furpgj@gal lwgo ﬂp(ﬂ}ﬁ% etween A@e %d;szpflqnal layer 20 and
rele58é\Blyer S8 MK 1452F 20 r?ﬁ el p‘?ls@@bﬂ%ddﬁﬁﬂaﬁﬁb&@@ﬁb such as

Porous silicon sem co materials are usef
masiHI0 tbat swreungs theeerpaisingrrortionsgraticovered byrmaask @001 'OfFlG 2A,

releg€d! f{?’éﬁaﬁ‘%ﬂgééelgﬁ%fglé%&ﬂggigl Ig%férioam‘uﬁcti&%? Py 20 L9MED having
two 20@65. 086818 40T BN 9100740 IC RS elch dtart @t moleaseinstional layer 20

frorrlbg@;ié!:jﬁt r'ggg nsg{pgt:’ F%v%gd%ﬁ@%ﬁﬂgt 5 r:{oﬁ !gfer%f W%tl |??g§\g lift-off of layers

20 fresQbstciie 40r RIGE 2Biisib floyv-dHaetnthel stesmarizeyy prbmps@fcs generating

tranSerails P S5 fliet Taltvay SEUNLTS I8 h EBRARMI g mask (s2e also

FIG@BEri al s which may negatively inpact the el ectronic
properties of 5 sem conductor materials, and include

oo, St hEbeld P AT MESEERT e TV 20, whore

the fdh@héwb@la)@dtzo %bﬁw’ﬁl@és bl1r20trﬁﬁ tHiGk Gahs f@ét%u@r oft RIS Bm thick
bet ween co&ger and | ead on the periodic table

AlGaas semirnsyladng seceblayen 22.ohike r@%ﬁﬁ?da%rsﬁoaﬁ(ﬂ 1390 nm thick
Alp, 9885844% rﬁ&%r%%gt[wl@%%&cn% Sqeé‘éﬂa'ré’tlona&f‘%o ik 's@SétFété 40.

are used synonynously in the present
10descr|pt|on and refer to a substance that is highl

[0094si FXMNVPLE F:IRpipase o|t@psiarable sinvelntes fos phefpvoltaics, electronics

d _ctrlc materials include, but are not limted to,
an gggizse Ta205, Ti 02, Zr02, Y203, Si3N4, STO BST, PLZT

PMN, and PZT. [0087]"Device field effect nobility
[00943f erRIG: 3A scheraplicadly fleistrategppinody apd siHclerescior g:,mldtaneous

[ t
G e G e R
release layers (FIG. 3B). In FIG. 3A, a portlon 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
23
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[ 0088] The invention nmay be further understood by the

followng non-limting exanples. Al references cited

herein are hereby incorporated by reference to the

extent not inconsistent with the disclosure h %

WA 209089827t he description herein contains rrarrf r633boridnoono

specificities, these should not be construed as
intetestristicings @rctevm@stsatetofedememwmqr@ﬁt $RPogied oy eesupstrate by

any IR B AR B D213y B RO0G, Bt iR ey

thus the scope of the invention should be determ ned
[009:@1 t %Gapﬁamdammna;ersbydaywd'emquu whgreeichant-agcass channel

35 SBFI@E Qﬁ tﬁ% ?oeoﬁ étl(%‘lrag%& b@ gé%@&nﬁ&’?ﬁgle‘?ﬁg&@gl layer 20 is

releamnno‘auemransibcatﬁe dﬂuctnmsomwmm oee singhofueatioriahlayer 20. If
ovv-c st .man rocessi,ng. .
necesaann MGSna avaiad i be EroBEEG B £ FRRR IRt sngWR) prior to
mtrd@'ub'fn?'d &nenditaliriegid fonAdmdang FreteddeViiasrs 300 The grocsssde depeated
FI'G 1. Functional |ayers 20 are se araqtied fr

for eaghadgiional fHREsRAIYPL Eowtm?&%%ro ePigied FHEIG. 3, the
motﬁé#‘é@%tréﬁé A upsHwhich PabitibporastRicERe A0ds %@d);ﬁfﬂé@ eSreused.
20 Ia;eI fgg}o?rt egoogosugzlt { :t gf 42 and functi onal ayer
(00883, cAchmpbEr ofQxastenal OHfierpet lungtidhal raleeRs Pk Gopfsaptions and
geo@%'trkr@dﬁhékuﬁg diffe'ré’rﬁto‘e@kég of aeﬁce c@ Bﬁ&ﬁis @?e“férdv@i@dhﬂm 3C-E.

'ayer of | owdo and a | owe

FIG] 3 providesranieasapleohe sirypturejgéwng HME@%foam%@?g ehottm!talcs

v wheLé’WFééAé Yhé relgngl gse I ?gpp@(nyﬁggﬁé&gﬁW&a r'nﬁltllayer

ort e on are
strutﬂue& hararyg BB Edspied rrmknngmleqztmlcﬂetgaaMESFﬁ,T@o BIG. 3E provndes an

cxab o 4 AP S Dy PR B e 1o
layef eir@c&aﬁz dnthd fdrfetioraltiayeri20ss oépretiicad in TABILE@e FIGes4eBise
SuTPRArge g s ErpRtRAIoL T PU ISy ab R FERET. o

seq¥éHiial fayer-BY-1dyaY fllGadesrdurctiohel layersKPIG.&yanpl e, the
rel easé Iayer(s) nay be selectively etched / dlssolved

urne ti f ast
(0047 o) VRS Rie g es0og B 0y PO ok evis 106 Al S as by
undé&rel tm);{;eé‘tchfhgpﬁ@é@@ﬁod @ rriidsLetc f(aayhREpe B f@ncb\ialﬁdifean embedded
agent used tor renoval of the sacrificial

releass @yee0N sapEfigiallaygre Thereowge Yoriehof évafsgﬁﬁ sfeaﬂn@ functional
Iaye%@%ﬂ.u% %% %tfy'c{?'sﬁtlnuh PheS af &obﬂ@@‘ﬁ?d’AﬁL’Eﬂ t @AB@EB’I ¥lso

ustrat es a ayer structure
shows that sherearkpositiar oihe fu mpnalmdsreéﬁaspé@mrs fayde $Qi@1cte¢

oo A e a7y 5o BELIRSS ) o vl

etchéti0 digsblvedd Ibuynesimprioyed ahoutis ari roons! t:mefsiastem@arsmﬁunctlonal

Iaye&%bhg?g@kggj%r}hg E—'ﬁ\/ﬂ%ﬁs_r.r @RP %?Eadityhg H’Faes"'%%r%oﬁg bivRIS BProtect 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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15rel ease layer 30 is labeled as a sacrificial |ayer
and functional |ayer 20 as FMED having two | ayers.
Mask 400 and 410 nay act as an etch-stop to protect

functional layer 20 from etchent neans that renov S
W 2008/936837al | ayer 30, thereby facilitating IITq‘T(US&&)f foggo70
| ayers 20 fromsubstrate 40. FIG 2B is a flowchart

optiored re-siaenoh silbsttaten fqpisubssntienbgengratiornel adgitianahtsansfensble

PSR RgB bl i ) ESR MR Ay e

proceist alEounerks fiatamerpheas ot pdlgerystaltine maESHESENiias to the process

o e o iy S B BB P gy

FlGnﬁctf@r ekarfbleads GeAE subBBaledlyl MOC AT, MBE| etge(sidiar ﬂ'rbeess for

F'Ggg?}‘ggﬁg als%%aggstb%e iﬁﬁggﬁ%@@a ?{? gﬁ%@%ﬁﬁ% BiRF to growth
as reidBed (& ? o abﬁ%ptn@r%ll%@@&ﬂﬂe@?ﬁ@?&ﬁ abouReI RS tiffer layer of GaAs

trans e struCture r photovoltajcs, electronics
adjagaut toEDbstratedRigE|deposiingos @nwlly@é@wygufvmqs@ﬂ@'aaf@ sacrificial

|ayeﬂu£| %%ﬁo%%’f thd l’sHﬁ%ééé{/ cglftgé %‘i %‘3 l"ég% ﬁa%ﬁ%‘éﬁné%w h §0, by Plasma-

release %uentl al
Enhbaged CbgmllcEyVEporelhepczﬂltlomﬁ(HE@\@md ajarmso (hmograpgg)for patterning.

EtclyysasipsBoRs o SRiders ASnd A R mp oy blfdte dl Gotgnce
into 209 P BASHAY ea&ﬁ:cnd%@}@ager éﬁarppley|n¢te§1essamnf|¢|ameymglosest to

the ?L&?sgrsazgé;?m e{acrl ﬂaltlﬂ)%/%r s&lgr %) e tb?§ ?qrf@p g{;&%‘?ﬁe shﬂstrate (in

thattcfa@@StfwsrraEIage Wbmd%eumeas“olaefét@r gmavpriocady &s summarized IMEBIGs 3B
a surface of WD 2008/ 036837PCT/ US2007

and.ﬁ)t &xpase the gupstigtedo gepcendraied Eif tgat legst a@%pliyeremove the
expSéHU’%bﬁﬂElaﬁl Zé’r%ratn%Qe@ésé HEERPELIGH S cp¥ay2RY abBRItBe lé@@ivi\tl'blal

printing, contact printin
layees by )aterab rswttmg 3tk gitaelsi the funciipaal-apiayey spore Slowly (less

thar] ﬁﬂB"e%h r%‘@%?n Rifoham agsieh %gégg%leﬁgﬁaté Hﬁ‘l%léé'élebf FMEDs

unctiona yer a sin
fronf stutminatm Y stamyeng QOper{DrﬁT s0leand @achanger for flgidic assembly or mk jet

prmf éﬁ?ecgr{?%ganﬁlrﬁeg ﬁF%{SE r{n{i&%ﬁy I‘T‘:I'élﬂlgé%mf‘t%gtdf tacrificial

ohal a er

Iaye% Qﬁﬁﬁrled dweyaarﬂ'ﬁeha(rfm psriuom))f ttmal cmerlylog ﬁmﬂahodaloepﬂgyers
m ca nmeans

(anGhepBe STUF T Bisak 406 FUTCIBBEHPRTS (Rt HEAF Y OIREY ety undemeatr

Iayér@‘)ﬁ%"t ha@e sineé beeh kerfbvddaretione gsoseaRinetardthe sufhée oftthe
he not her substrate 40 upon which nult

| a
subgtfat@cﬁﬂpéawepg b@%&armwm%@d HE remevat "hef/[%bbf tiRAsNG sets of
fun#.%ﬁ?lﬁéy&%gﬁ@éﬁgpgﬁatéﬂ by Sa&@Micidl 1y6td) @Rall d edceinsial layers
remain on the substrate. For optional re-use of the substrate, these steps 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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geonetry for making different devices or device
conponents are provided in FIG 3CE. FIG 3C provides
an exanple of a structure having FMEDs for making

vg%?@%?ési |cs where Al GaAs is the rel ease lf‘%ﬁgszo@llo%om

es an exanple of a nmultilayer struc
havi ng_FMEDs for maki ng el ectroni Cg—.é %T' VESFETS)
patte[ning. 3@06%%&1%@(1 5901aEQARIRYETSIUSH A Rlasma from surface to

sorrﬁat &El‘éhh'é ﬁ\t&‘ﬁ'}@ fitet RIC'}/Fﬁa fg%s é%lﬁhéf:!gl lhf&g >{f)%§e %@éuﬂs‘l’nlate to

yer stru unc
conr:@}irai@m H&dmaﬁ lepsBpartially ren@ye4hs exposast $az:éﬂ@aép$erd9@@|) and

rele‘(; ée"é@l%gér% e Hfd §€&‘ﬂegl Fé‘g)%rt SiohkiN4 érQP@l |a#e¢¥ref S

sequential  layer ayer re
undérauttingo (it attat;lertlae (furrkxbna)epll{aymg‘n}(‘ﬁershlwly) flass thanelr §0 etch rate)

ar ased means known in the art, such as by
thar%gﬂ heuﬁa(cirlﬂagll | ng, dissolution, burning, etc.
(any neans of renoval) of an enbedded rel ease | ayer or

[oomsx}r i Referrixlg tbsﬂes 3B’hm and5e etwhwannasked oégisths aitepglngers using
Il reIFaS| nal. |l a ers t hat yse a varbe,(%
A£P vl o 38‘? rBP JPollayelsiopRE Eoistanca e Sybrale
Encsbmtetth@?erhbnﬁlr@q:imﬁb?nst ofahe epildyees with phoredistadslering the top
be sel ected dependj n

| th
andyleceiiEce s, EXRRRF W ABSEHS 1 AAUSHN Tcdts + Hie1q gloh the GaAs
substffte AL PEleb¥EINe fdRcRInaNESlIdyel SsoveMRE sécr’ﬁk':fdﬂ ﬁa%fs (functional

renoved about two or nore tines faster

layersiiytiaterlundaseakting: (g wakgtehan aﬁﬁé“ﬁbﬁ[@@"‘%ﬁﬂ"@ﬁl mgre slowly
(lesftHgf\Smd) @W\rraﬂe? 31 it B6QY IhdeEaALs é?Fa?&taanﬁe 'ﬁ%\@@énﬁ%aAs

rom exposure e agent used or renova
layessaarei grotsictad fremy dhe wet eichantdy tne\)phomegatstbaﬂ encepsulates them.) In

FIGE, (hEIRAEE: 80531 cBrLdiRA0t Bl iy A hEbBBRfesia

l'ayers nay enbve el QSedls conpar é
encapulil8Bnaodebpavdsctbdné éaddmdﬁbGnaékwmnd FIG 5.
[ 0098] Si mul t aneous rel ease of functional layers is

[0018)% L',@&jof tﬁ'? Fépgfﬁe ¥A Eal Csayblgé gépa‘}al%ld%ﬁ saEstrdtE lb?%?a‘?nplng or

do soivient @lahahgy éordiuidic assantsy owrikl]et pADting, electrospinning, etc.
2008/ 036837PCT/ US2007/ 079070 optional re-use of

(00 fAP5 il 8RR S e LT &ieRe) SouPd e b B Pl 81 10) (see
provmmrtaxl Al Pat. gppvﬁ()/smrﬁﬁ@,rfMSepis 20,T2e06pfootdk Qilastmes of Single
oryedfhsiear s A Eeds CRBe T Eartip Rfoisy Al g oy 151-06P,

here% (ﬁﬁd& @rﬁt&m}aﬁeﬁerbﬁc@wtﬁbl&tbnt FoPincemistaieisreiOMBr BAisotropic
y p3C for on _GaAs substrate by I\/DCK;6 P

etChm@ndé@rd“a%‘é‘laM?’I @rprﬁﬁﬁf:'é’glgqsd’?o’ﬁﬂ&etcblﬂgand 3E for
transi stors, LEDs, respectively). Pre-treat substrate

[00108] OTEXAMBL B \3t ReRSsB P HaHsTRMR: sm&melscwaééef ablation.
r equi red) Grow about -200 nm buffer |ayer of

GaAs
R v R
grlndlﬁ%/gbﬁslﬁglét%ﬁiﬁg‘?fr rélBgsd BPtRPInEPNRIckBY. BP t@%@éx&ﬁsﬁbn
coefficient mnsmatch) 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
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10 Enhanced Chem cal Vapor Deposition (PECVD) and a
formof lithography for patterning. Etch unmasked
regions of epilayers using /Ar/H plasma from surface
to a distance into any Al0.26Ga0. 04As sacrificial
WQIBOIBYHr exanple, into the sacrificial | aypé}T/@zg(g@amo

to the substrate). The sacrificial |ayer should not be
multilagercstriciuse réstst Lasesrindunedeisting aawsesiraleepaof FaswferabjpeFrMED

10 R o o208 haf A B 3E 9% Bt o

remboalcm IadasértemlamgPﬂénsmvatelémsurtmet:mal R@lea&mmrtaceh‘n?@ may

remgist Aty tishod Spaastehe gt §r SR @R dg LBRFAE Wb

md:é‘mé@ b? labtdtlﬁﬂ lrddtﬂz‘:tﬁ'l aﬂf/ﬁsletoﬂsre?ﬁ%ta Qriave ahtr)]muule&wsre?moved as
ess an t t

destort Bk A Bensarmlen) a Sulibis suestiats i dhe iedperidmIEDs for

LE[fsr §é’fb§dlétﬁ)tne DbsHaRW0 Bsrédpopas tes %?ﬂﬁll@éﬂbs&ét‘é"meﬁc
['uidic assenbly or_ink jet 20%6 I ng,
Qe

SUH@D@WB@%'Q&%D?]WE&SJOF kisls PIF'&S@" 2] ORRY remai ni ng
ablart)lgmdeggrﬁg%|t|6r§)8h<§rﬂfcﬁ¥rfebﬁﬂld?ﬂ thLata?é‘asrp%nt }H@%Ué éyé}n@?@ﬁ)’c&fmnons

yi ng functi onal
FlGem bayetasizéathenmasingfrategyifor nelease eft polycrystaling/amerphnyg FMED

e o sl o Rkt 85 R e
eledtdity sutiforteat)f FIGe12 sirstragizes réRegseadf MprommFManstructures by
F renoval, thereby rel easing sets of

maski ng 3nd
remo¥gl of SECTHICA! 19Y§J%r s (each set separat ed by sacrificial

| ayers) until no sacrificial |ayers remain on the

[00105) S tE@insple BORelzake oh thnsferabiestaictires by woapagation of be deluced
.. Steps are repeated as desired. [0099] Rel ease of a
mte@??i%hféa%ncu onal layer is outlined in FIGs. 38 and 5.

A substrate, such as a GaAs wafer provides support for

[00 106} W Anctiierapidagy emechaaiscrhsas’ inthedudthd alocick @b ah intaface between

PO 609 Shecmailye” SbsIT B RIns NE N B3R Og<rom thgagoter
subét?atg {e. g%h%g#u!ﬁ@éd/st%b ] to'6fadele eHeP¥ack KeeFIGH TAY). eﬂ'he crack

| ayer adj acent _to substrate befo ositi
cange "étmd%ﬁﬁaﬂ‘ agy awﬁewf TARTITE B MAChANRAY dng) by SUtting; see
FIGESy?r(fancM‘f}‘ CH%E 9)6 é’é} B cﬁlH @e8 AGs! T8 érﬂpﬂ) or thermally

ayer wt nhanced Cheni cal Vapor
(e.gDey slxdaki ingugeREVDE rraaicemapsm@pﬁefaclent migsetEdhy for 25
WD 2008/ 036837PCDUS2007/ 079070 patterning. Etch

[Oomsdg@% RQ) gsof%e N fb?'ré\gaﬁwé éﬁl‘éﬁsf&ré‘lﬁ@%tructure is

ace t sone distance into first
comm"we@aoa oamier stideturd, foraaxampjea ca&';qasage (Flfe 8A)psichaasea gold

film gg r?os d@r'%@r%ﬁﬁg f&?zqrhﬂngtcaéb?)ﬂﬁa)neﬁfbg% ée(%ée/ Qéﬁﬁ@ﬁ%nb@%h Vol 2,
p.238)) rragsm'rece:dscnae\ heheffextive iidri FENADs treat@re 6fnah¢.goheds than about 50

S E T T T —

soft/ irBerol aRdior ublaRsdy loerabicate ididdallya¥FéG$ 8B and 8C prowde
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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[00100] Referring to FIGs. 3B, 3C and 5, etch unmasked
regions of epilayers using C/Ar plasma from surface
t hrough epilayers to sonme di stance into substrate.

&ﬁg@g@%ﬁ%segrgtrenﬁl ning portions of the epiaé%?zr&/omm

covering the top 10 and si
surfaces. Expose the substrate to aqueous citric acid

[009091 051G, 9 atpoh pimatis Mysigalise qfa:taét'aéﬁ%e@%q efdfuactional layers by
parfj #!'?thb%l%f rét ééé"ﬁég?é §5’? ¥iRial CgévEl'a"? H‘é}baéé‘llégér‘é at a time (see

unctional [ayer atera dercuttl n
alsanlfhaﬁA) diheaelegse h?erefﬂfﬂd torase piart@y éqeca@ﬁ%d%\n@ﬁﬂ rﬁnxalrétaé‘,hered to

e S etk A5 Pty D gratn o

the devices bh;ap'&nsb.;pmltbelp havhovat Soséxarhgie, lanfracptem cfttethering structures

o BB $5n e TGRS YOS5 RIS Mg
the @ﬁcrlic&ﬁ?ig@m@tdr@s td‘q@repalfbih‘elsebai'atﬁﬂa%e debOsitibf oL alti-lapsr stacks.

Son KR 9 T BHCSBIES D RRRGHoR G rIAR Hitices adcording to

the ﬁ)%%@? bytlifed iMKIG. 99 deisRbivAGh FRE@SCEE)SPh@ Bbfds ofthe. process are
0102] Release is also acconplis irectio

outl@[eghn (4. bIG.4 summarizeyelqaseof FME[Rﬁ%xgpgp@Hglﬁa@ ky “multiple-
IayeP Sbt-a e i &%@ngﬁ‘é léé éf%@P%?ﬁ'eifg%%bs%&@éwtfg%era%h ot

antltles of st a
addMooaUranséefebleﬁﬂdﬁ@seéfm@rfan@wnﬁf lareBLIoKNPNGE eapdaxialiy grown

sen‘[i%;endue rs. “PHe B%%es?gfss er i V\Pﬁﬁﬁs (? &(ﬁ)g{]rfés @n{a?erlals

nt not 1 Nconsr's
simigdrad ithrgpracdéodestaibkd IlraFtG 1120 Bpiefhy, ea:GaM/Eﬂbstfate) }:] cbmemed Grow

epigiernahaing B e & S, an Caks piettnis MRS BeMBR st
(simiBt prdess fmIHuGe IBbaaIE byirasgiEond, LEDs] fespaatvlegn) Pre-treat
subSa ot 10 w%{'@sr,‘ gie&%g;f’ &lﬂ\é?’hl ool catiireh), L Grove aou-200 nm

buffe? BB ST aAsBl88sH tﬁ%MbﬁF&ﬁ@ b@%r@ﬂeposntlng or epltaX|aIIy 8rowmg
abl ati on/ decon@o& tion/chem cal reaction of
é

fungtigpalrand speeificiaklaygrsat Reflier ebinessirecre Af bedap @aﬂayer may be
masrkﬁa%ﬂhoéﬁoc g”‘lﬂé’srﬁé( énﬂ%ﬁ{;ed BAYRRA U’E?&‘ lﬁ?pos"_tloﬁ (E’@;&VID) and a

rovi des chematic | ustration o aser
fornBOfr léhegraphyrior petiernifige ciEich mgmsked: regienissefiepilayers using Cl/Ar/H

plasn%{r?rs%%?fgﬁé % g%?%ﬁécﬁ{ nslaﬁlf) Bs%aarot 'A%l gea\rénﬁéaﬂéyéarr(ﬁﬂtexample,

mtosmmsmrtﬂedal layectiosest iy thee substrate)oIhe |seum‘d:|aj fayehshauld@ot be the

f . su at,. i osj,te the sur e. upen .
one rtiaH TR e s Bar sisuBalere: Heslshss Muibs i € Fheara-time
proceisk la@tsuhﬁnérﬁz%uan Figs 8B- ariti5)c @bqiaeetthengmuseam daticentsated HF to

of transferable FMED 100 e| lgglrlgy%sf ai |

at least garighy remavgrthe XPeRadRACH @@daﬁ‘ewe 3}6 fugglignal

epllé’g%rré b%vé RRRRlIG 18ydra by ataRl ahbSQusiRgS | ItlF‘éﬁaE:l@ BaJenctional
surface 30. Release surface 30 may remain partially

epilajters o10sel sioydy tess thae 1610 elsb rate) tfanrwq%tée seorifigial layer).
Sep?hégé Helefe %Q? Fq@l%ﬁs kB ?rgtég%{ %Qh‘?)'id%& e;garrfb‘f'r‘dcsroﬁ/e%? exchange

Se pro uc are subseque
for fluidic assembly or ink jet printing, electrospmnlng 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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desired. FIG 6B is an exanple of a suitable substrate

for the release of FMEDs for LEDs by | aser abl ation.

Substrate 40 corresponds to a sapphire substrate FI G

6C summari zes rel ease of FMEDs for LEDs by |ase

WO PUWBIR3Tor by abl ati on/ deconposi ti on/ cheni c%ﬁT[US2°°7/°79070

reaction that is spontaneous at anbient conditions. 10
layelF$ )aintil 0o samfmal tayerg temaimon dhe sukatels. Forontionalaedisgfof the

SUb?té@tév@I‘«@%% crpe R cRll (T er ont + el base of gnal s

electricity and/or heat). FIG 12 summari zes
[001‘t0]eal§6 @0 Iamcpematsc iEmationraf padied selegseraffonciionallayers by

f I I
par kot b e B¥Thlers (ot oL Papn AR BidEsP 1oy ol BT lsee also
FIGlSBnt hé sleade is refeked [tdi)@sl Qﬁs]rtlath bédrrsedelieas eemeiotethiesad to the
is by._introd C|n? a _crack e bet ween

SUbRRBENEN e RSB IR SR PRy SaIRean G FRIPFIeY qapgration of the

devﬁh@ﬁép uédrptﬁetr REmMBVAI NfoF esarBple! BY ﬁaét@r@of teﬁhehgg atructures and
rubber st arrp) propagate the crack (see FIG

retrignal Usingcdn elaﬁtm@rusmmed ucHsliguie aisp %Iﬂ?@rth%ﬁt%m gergoving the
(S =
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t
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accmdmgstbethabl'cmess puttined berein am@cmm:nvﬁlﬁb 3 -Earlihegletails of the
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ertecti ve
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nechani cal | , n?\@g#(
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surfdCe Bf P¥%it45 Fgmgpmﬁ S, B afér'ﬁé Ehﬁaﬁ&a‘é‘l d?r'ié?ﬁi%lsxlapor Deposition
respective or ' nduzrhg & or ack mechani cal | y
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tne &P%p e on G a7 RlyeReage ot BRI T B e, el tover
(funﬁt@oﬁdﬂ m/ers)%@l&@%bﬂa&&aﬁﬁgr (Hﬂﬁwglﬂéﬁmiﬂomé)@wﬁjers more

oty o e SEUSHEL ! ot 2 S0 R, bl et

FMEBY fbf ubR&hid b)ﬁétahgr@/@*cﬁﬂ sol et @xaharigel feemadic agsembator ink
atime (see also F The release is referred to

jet paisting Aleqtegspinpinga ate F&%Qﬁaé stepsdipiveen @enking @nd ik Kggnoval,
I
therBHp RESH Erofond RCES LTS sellftid iets RN e supstrate
For bpfipreah se-upenf theeiubsirateotheise steprs ark aepsated By desieastur e
of tethering structures and retrieval using an
[OOﬁIﬁ‘StIﬂEE 51 % ?@Bherﬁ?%ém&ét%tfoﬁ & g%ﬂla‘P PRI ALRESE f&ﬁtﬁnoﬁéﬁ@?ers using
he anchoring structures to prepare t
Iateﬁah b’emrmms dirainqhenma posts thy sameringiseveral e@I@asesjewﬁésacanCIaI

e SBT3 TS R b galoe
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(simlar process for FIGs. 3D and 3E for transistors,
LEDs, respectively). Pre-treat substrate prior to
growt h as needed (CWP is optionally required). G ow
about -200 nm buffer |ayer of GaAs adjacent to
VEQBWBIPIBY before depositing or epitaxially gfoWpPsgr7/0707
functional and sacrificial |layers. A portion of the

theis carf:wal: fof exaneple dpy fspstureyefitethasing straduriessnddettieval Usirgpan

elasgﬁrg ggﬁiﬁ)mﬁg?gf @fr% @g} %[ﬁﬁr?%s t}{ggﬁ{ptsgﬁﬁ&ﬁbwh@%%lpge%@tch

stopsfaraioeiog pegsm;srep‘arethd sa.;bstratelfsr regdé:ﬂ»dsmohrd)f phutti-Hayer stacks.

from surfa ance | to an 04 .
Sorag BRaTbles & -lever YRS At arey Vg PR g pagoraing to
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outlinegiin iestollowing: Tae BERSHORR IAYErHECTRNSE erjiaxialy 9LPWR e
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epu%ge{}g trsgﬁ\ﬂﬁlm e uﬁ'ﬁér;ewg 6%31&9%&%&?&?&—3 ﬁg M@@@PS MBE, etc.

underc ‘attacks t t1ona
(simdlpi bmpessfanﬂ@sssb\ahg 38 festrammtnrleE@setesbectaleé')) Prextreat

conp 50y e b oML SRR oo 8838 200

buﬁexkalye:n@'esaﬂs bdjacéntuo éubst@s eeﬁdra depositig queeplt]axlahy grayving

el ect rospi nni .n et c. ore i nin
funclofel aiberseAGugie; 4 Fafian of b EReaat ieigh S Ay be
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partial" because devices remain tethered t

above B sagriéiciat ipyersiydatesdl aingerquiting: Haraltasks fheafvnwona' epilayers
morﬁwggesg tahn % BRPGald) tﬁeﬁﬂ%é&é e s%fcnﬁé]ﬁl lé’)féf ).C88parate the
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portiunsif itad eacfrmmar layemt iUse fluoeing phasnhatoerenaivedhe sifieon nitride;

wash0lE 525 5§55 SEn Tt ol Ao he ol s enorg

struSiorss, exa)NRepeadbHF Mildrinel plasna ahd M@Ehihg&;ritnhiﬂb fomgtiopbElagers that

werBerar A S sBEALy 55 o A vB SR e RS aro ey

exp@éélﬁ@ﬁc‘—‘oﬁﬁ% %dcbr&ﬂ%é subistriate. 5Rep9eéﬂ$'téﬁsfb’ﬁt\ﬁeer$ H@ékiﬂg and
waf er provi des squ port for growth of epilaye

cleamantreegelvm@lmm sain af n&?@rﬁalé@@& {e56h sehs Q@?teééy S@yﬂflma'
IayeIor it no a%?%ah% g’r‘rga Hmﬁé %@stf@? bSrcEpg%yh{Mr%a&s%dofthe
substeatd, mesgstmsmoem@.]atféeswe&iyer of GaAs adjacent to
substrate before depositiondor epitaxial growmh of the
rel ease and functional |ayers. Mask portion of the
surface of the top epilayer with Si02 by
Pl asma- Enhanced Chem cal Vapor Deposition (PECVD) and
any formof lithography for patterning. Etch unmasked
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20 epilayers using A /Ar/H plasma fromsurface to sone
di stance into the first Al 0.96G004As sacrifici al

| ayer. Expose the substrate to concentrated HF to at

| east rtially renmove the exposed sacrifi C|§¢

V(@ NBRY 1 el ease the epi | ayers above the sa yk%%wom
| a er functional |ayers) by lateral undercuttin

[00%t -t2Re acbﬁm@n@ﬂlastr@tmnsaaf@ag!w%a% QT\KPWPPQ §ye§rs using
late é?%'fbh]%tc";@s &t grlibhroﬁhﬁéogt@@ase q@g%ﬁbg‘%se%?g% o mc:al layer), at

eparate t rel srae
a tirhy (saeaalpd ﬁgGoiiB)d oT@orle{mse inpefersedyto aipartialf bm@use devices

rem%% gﬂfér&% gorp tsr)erbég f?ét {F'kl IQt%ral% dﬁ}_“{tB?sc‘/Qhémzlrﬂg tpﬁ)gfs %fter the

releeedz lmyermgefremot/wnﬁuu reagmesonewakatm of o déwmsahappens upon
ubst.r

S I AT G
eladtéfdAdthmipl Ghigfigure abscs@UthER! the stédsuﬁtrémbvmg tid |a|&aratetah
rel ease of functional |ayers usi 30l ateral etch

StoRs/sH0BRg RARIEIPN IRRERH tBepng- @ysvgha e rejense PEpeasse(as in FIG.

3B)'a%)d% ?réﬁaﬁ‘é e sistlatd %Y?é aéposaﬁorﬁoftmam lé)?é?%taiﬂk§0 Sdrfe
he release is referred to as &artla because

exawﬁts@gnmlbﬂm{aﬁ stre¢tieasdbat may higldpridablgdeviges acerrding to the
prom%e@s%ruﬂlneﬁtlﬁ 'Flétf?%r[ea%%mrlh HGEIEE. Fhktletdil®r iR ?@tﬁﬁ%s are as

ar e rel ease or sep aration o
fouodsesv Acsbstraiep ench aperGaAd w@fespwmmbwmawwmayers,

such 5 R RO B oG B AT LB 1o
mayllve pre-irgatee peibso growth amaeédmi (@t pEMP). Liketywvill peetido grow ~200
m b e Sl ekeb s Bttt Setore SndayER ¥ Bolital arowh o

the A¢@seCariidhesorfi ldwst | Magky/Sorti6h biHeldLefick bRthendl epil@fett with
printabl e devices according to 5 the Eroc s outl i ned

S'OhEY Elasma-Enbanamd Ghemicals/ g@r@epgsgloaé D) gndigny form of
htho@Fé:iﬁﬁl%r ﬁét?erﬁng IEAGAuhmadiR reglohs \Wr @BrlayEP@uilH@ @l/lAP/PPélasma

ayers conprise epitaxially gfown sem conductors.

fronpswtacedosoa1 diptarse inde theipiNo eé>aonsAsotaceifigiat layen riéeposIt a
confé?rﬁ'ng +ﬁtlﬁg%£§? ibSH n%r‘fqet é}?loW @%g%ﬁe%ég{léégf e\?r‘;blg:plloglgrllgﬁéPattem
the shmmmtrrdechﬁexSﬂlplef oy pl@oightpo@apbm acx Atchinghasingia dlupgine plasma,
to o8l glerslan BloPs bt BhEhortlaBislt T Bt npstBirall i ™

coneeth@teécaHE tp ralt wast pargaiymemae the edpobe(d@d%nﬁsaldpjzerc(naé) and

ut -200 nmb I er of As
relegeh HecrIB S c00YS 1 P fret Ve gotony sty BBl 1
undérrcgmn@g(ﬂwaﬁéctk@rtaé fu’mﬂoﬁél p'llé*éi’s Ahork JYWI$ (les ant1/ thetch rate)
the surface of the t epi

ayer maié be masked wit

th
tharsi gooeraasg eI BAYRIC BB SR Ne AP cOap F MBET SoRsrate by
stanQE;? .E@{Pbo §8Ere§t é')é:hfaﬁ ddfiuldid NN Br fn@rjetgf#ﬁwftlﬁ? Nd|8&trospinning,

unmas reglo s of ep| ayers’ usin
etc. p‘U%\%Hﬁ to remoye aRY ceMaiping perdansfdhe ﬁa@frf@mb layers. Use fluorine

plashia '@ | Cgélttlﬁ?sﬁ@&{ hFrko%' HashAN tf%wég %bg?&ﬁ?ﬂ&n@ %ﬂ& 5MBe

sacri ayer closeéest to
overhyang funictioradl elpégyars sarwhbdng strudiereash etcon BRepeatt e Stuofine plasma

and tm%%g%gtbfrﬁl ﬁfgl(l(l.ltg)flég gggrs%ﬁa%w%@zqr g?@?%?{eww%e%ﬁ%%ﬁ tRe first

sacrﬁkaal Reepaid claaniprikposer] arebert thegsuofaceidf itosubdfratd. r Relseat steps

ress chem vapor de Pattern the .. .
et BESANG 800 HE eREMaE arb L A LI ST Rty Al Secrifia
layefd r‘éi*rhélﬂ oH3hé Suisstide! OFbféptiinabidBusd 6f tHeksubstrdtat hesd steps are
etch stops and/or anchoring posts. Expose t he

repesiteskes gewirads concentrated HF to at |east partially
remove the exposed sacrifi&ial |ayers and rel ease the
functional epilayers above the sacrificial |ayers by
| ateral undercutting. (HF attacks the functional
epi | ayers
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25nore slowy (less than 1/10 etch rate) than it does
the sacrificial |layer). Separate the rel eased FMEDs
from substrate by stanping or perform sol vent exchange
for fluidic assembly or ink jet printing,

WO 209%8Fi nni ng, etc. Use HF to rempve any rémdyHfHE™""

portions of the sacrificial |ayers. Use fluorine
[001d|3z}s rﬁIGL @3r snbempatihustrations of postrrietbase Weetnentiof fppjional layers

| nin ' : ' .
win G B 0 o Bl Y6 AT A gl
prodelsb @imifee te L teseribeédvia FIGN20.uTihé bnti-stictionrartaictivetion layers, often
soreBLhGie fiundlSite BARET Bablk P BFLA S RARARRL e tyers
and @FBeRWAg Rdro@ntikticter)cres paRimdtb axdbesion I(@dtﬁatlcﬁ!emaheen the

st eps” between naski ng and cl eani ng, ther eby re a] rbq
releasq IanerquJr\qioqqnaﬁ]g ther ggtgy e. geg@ﬁtogge(r q@c es, blological
entaﬁ@sc %Le CA@lexérﬁgﬂ%fo?)aos:j@férﬁ td“@h&ﬁ‘ilﬁé br&e@% obtﬁb{éﬂ gw FIgI@Bay be

substra tional re-use of
appmgtdéﬁcrebed indd6 3N .ep ﬁerath@ defipiiap @éda\éc%ﬁe@ g- &y phojgijthography

and %ﬂﬁ) {ngiﬁ%‘lo’r@:) %Hﬁzgﬂg f 9%%?7%&\%@6]1% A6&As %@I?ase layer by HF, an

artiral release
etha‘nohc solatian of ergenis thisl- tegmiraitfm‘ miolesultehmey bpsised to treat the exposed

CaRSeRF P B S Gstfion T hORcfiR Tpagbe A BytpEHiol for exampte.
hexa@é@aemuolsorraabamuemated alkahpihidli Eot attivatiosehe thidlaesy be
he substrate vi.a the |atera

termigaigd ASHCABAI Y ToacheE craratdtadis idh &GP ¢ idtecTha

renmoved. Full rel ease or separation of the devices

[00 9P PEFIGSUBH AN 36 prromeea\»fahherfexanmtaof)bm anthoringastriategy that
of tetherin struc%#res anf retriev

furthar JSPEHVER 9ergraion ¢ anyie@y %St&r%%esﬁfeqtkﬁﬁ%@gﬁf% anepping

stru@tﬁréseéTQrVéllf@eﬂn@G dosliohal stRhG it HAsH bug Gn@ﬁﬁlhg sfrategy
repeat i “one- | ayer-at-a-tine rel ease proc

(e. g(@ge,FﬂGggt; lg@;artg:ﬁaart e@dé{gr&t,ag% REthe hislerpge qugranchonng over
hon{ogeqe@@%séﬁdrﬁﬁnﬁf(te'% l(ﬁl%r (@Yﬁ%uc?é ﬁ’&&lﬁhty%?ﬁ@s@&ﬁt(} %F&Hk%ﬁle tether

[ayer™s at rin
p0|rtﬂ$3\ﬂnhesceﬂ:tlrmajerr@rttrol teng iIPpPEREesEend g¥tram§§gr reglsfcqaghtyg dn addition,

w3l o i g U SRBHL S S ten
Pattfetlmmcr_ratcrifi?iall rggions ipr@fldesp ichpgiaility to euswreetbattthe transferable
unct,i on er , - ”
strugt s gk anCihE arEhaye i B o Wepdfrndd bt Hsgiton,
patt:e@eﬂ%%gﬂ”fﬁbf:élﬁnclgeaséa\:ﬁ):reabe Iaeéa/ccwdrbgen eEor emngﬂevaeca()@e the
nm buffer | ayer

ancRIG LSS ALS 7 oEBl ORI OREHEBR VP e sl faver

theyarisbd ot el 1Dader XIS Pérfoﬂéfﬂ&rks apthblt@rhsfe‘rame strattufACRigoB6
the top epilayer with Si Pl asma- Enhanced

ll|USW@{@@rth@)éD@ﬁQrtnigcﬁQanl‘[ﬁ)n%ﬂ)‘:éﬁy% aRehiHen ﬁﬁfﬂ%’?ﬁiﬁﬁw’acﬂce
D”nleJ %g%atﬂf A{Hp’élg%rleggﬁ@d YREESHEH o SRPNRarel toRbstRy er s

[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
AlpoGag +As layers. Epistructures are etched with phosphoric acid and hydrogen

32



10

15

20

25

30

fromsurface to sone distance into the first
A10. 96Ga0. 04As sacrificial layer. Deposit a
20conformal coating of silicon nitride by |ow pressure

vapor deposition. Pattern the silic
‘ﬁ&??oﬁ/ﬁ:g“”for exanpl e by photolithography andlg’(gyg%o%owom
using_a fluorine plasma, to define lateral etch sto

perexids. oTh%ﬁb#&ayqagmﬁr@trgctum%n@wm eaiayerpon a ahs
subSPAE N dﬂh%'icﬁﬂu*& @'é)’fd heestknipgrtially renove the

expos sacri ayer (on&) and rel ease the

rs above the sacrificial |ayer (functional
[001 @@l élp 3§ is arbptagramueidbe seven MgAs(ayerafataeves ene PDMS

starﬁb’é‘sgtércﬁgrﬂhlt%d A¥ElSs8Bf freedih A8 E.h%'@?érjrgtr%b&hs
rate) than it é‘oes ﬁe sacrifrcial layer.) Separate
expetted far le@awdalnamsbyf layen reldaserastdisdysest harginn Priefly dbe release

oo g AR50 ot 8 5180 sl o st

structeralsmtdmdowm HaPR© 4 61,018, E&8r1Rf for itahinl a‘yermotddeslst is stripped

fluorin tor ve t con 0
wih ebfe B NES BLR)SPieaLiamaNg! BLTeirBRaos PV UM 49%HE for 35
sec@wéndmgrfn@m@twmﬂng E&ydro ued %d@hﬁblgmﬂ@lla‘iéd aéﬁselé@sw FIG. 38
Repeat_HF, fluorine plasm and washin

as %tﬁ@urdmr@tqsmaﬁ’DM%@a@pﬁh dheVads stasin §iuseA Ity CB?%"@f |'9ft-°vers
FIGUSS! BraVRRSsart &fhcfal :h?atgescﬁ%re§)\§ ua%r bmsﬁétearfr%nf:ih@aﬁunﬂayer donor

exposed and on the surface of the substrate. Repeat

subsfraip ontee we@apamfﬂ PRI pi@mar- 'Fft&?@\)a}'ers eFferaggy for printing to
deviFS IsGAStANd of &H‘S%bﬁ’ltbﬁheﬂwta%rei Jevich é diargacrificial

ayers remai n on strate. or optional re-use of
the substrate, these steps are 35repeated as desired.

[00W@] 20@@/@3@6359@'@%&@@3 003goC\etal S¥jcopMicrozlanoribbons

Gen p&g hl?(Wﬁiterat' ons of post-rel ease treatnent of
unc F’ ayers with anti-stiction or activation

|8?‘/)ers after t hey have been partially released via a
[00118) c eis Examplerdenaonsiratesie sicatepy foripfoduamg bk qupetities of high

qual"isig,I c’?m%%%h%lﬂgtgﬂforﬁ%ﬁ%yer l§ﬁ\'}|ég§ ?hlcszrgff %g@ panoribhons from bulk

asse nnonol
silicarl (rels!) ovafdrst Wee pracelssa asesletchga tren&msdmﬂndmttqﬁed gippled structures

conh Y8 T A8k B LR o B S A kg gt anc
anisotrbgic waetdhynd 6f.the senbansttormdsdlmearﬁpmayemtepw ofi ridbess with

L LSS, e oy e L B
surfade 6faRE Wé@@d Rifbonk @ithhicRhé&estedwele tehistan@mudbireds of

devi ces (e. by photol|thograph¥ and chl orine plasm
nanemeter %gy'd@ﬁdn Hﬁrmi%@me@me ahdiengtng Qid-l%torsévé’éﬁi gentimeters,

are {)r@.’i@f&e@% btk é@%gﬁﬁ)esehgfﬁ %lb%p%éﬂdﬂw' PAnHg [S}bE@sEEe% enable the

termn rmecuerray eusedtotreat he
layeeRy ayediraasgier efinrganized arays ahsuchsitibons dma ramﬂesof other

4
Sw#@)%%%ﬁ:@@ %cth?aﬁ%cgﬁ%r’ﬁ%%ﬁ%& gtjﬁsna@yodf’q%i I kané? ﬂ/lo(f)f|>10 )can be
achievgd with ithoase ridbbens lin thiin hlaytybe tntaasrstonafmmeaiobh plamumtrates,
reactive chem ro xarrpl e,
thergh ATBES RS SrEianiEl ARt 5NcdtREe o ovi de a
further exanple of an anchor| ng strategy that 15
[001f10] t INemoOistrpctaregisel geeatsadfi single@tryistalsditen,db Ithze fsrnnmfw:ress

.. that Qhre kfro strutur t_wel

riob QRS P GRECISS, AP GNP it BV BB ECRe Sesr Riperones

optodldcabrigy, dedshg, af€otdr Greatl The lribbpAigebmetrglis inigtetant for certain
advant ages of the heterogeneous anchor

deV'ﬁ%ﬁrB%@é\#’%@u@rﬁYféﬁ%rfPhﬁxa"('fgeg [args gjanaisurfages {Riehemical sensing
flexibility in designing breakable tether points,

enhanced transfer control,33%nd inprovenent of transfer
registrability. In addition,
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20 various anchoring processes provide nore efficient
use of the wafer substrate area. Patterned sacrificial
regions provide a capability to ensure that the
transferable structures break fromthe anchoy

VEQ 20803¢P¥s at wel | - defined positions. In addgqy&%oommm

patterned sacrificial increased increase area

andphetadetestioroandegeometdes s gan effidirntisil feg chapnel regions of

oo G ey B U 08 el SRS
approaches asedfus soiton henowm&’hevabben stiapted @and .applied witls some
MR P S e M e
ribbﬁ‘lﬁi Etcai;o?eaabggtlin?s@ptocgdms rmgﬂl’swgm@mr&sébﬂ r'gammammn dsmxides
@nBeStPediay Fedrs BuOsboat EROE A hoRHEIAIST PAG Tofitride

(Gaﬁ‘) b H6d BEIBRIdRS @@age Mg, Isbyes;) Vel Fewéver amduBst BRcontdst,
onent supported by 30 a substrate, there

appwgg@amaﬁ elyran dne ithagranlic pragessing eidep surfagss @@ﬁw@ductor
wafgrg%nagé W%a%ht\%ﬁ% Wickhe3S¥E Wi ﬁ%e%néfhrs AfrggtraﬁlthHﬂoedopmg

ers are separ ate
levellsamaese n‘n‘qmmadsrmforresnembraees rtedewanld r;bibc@@,hwth thickppsgses in the

e AR RS SEH R s Sape oo
andfdrt]hg&‘rs Wg‘tﬁ H(;Lfmmrmomj van@mgsrogfigasrscgmdrdqu:mmm élemegtsaphy
oradfiecki. b syRElRURT pPeved Mg aTebiRl S RiFRRv argroach

has $hrél Inh #1h ef3adlvéith§es EorBpareleo WQmmmhhmﬂessFurﬁJ glemants with
retrieval is 5expected for. jndivi

widthg asadbans 30 56 SSClT Rl & AP s o RAQRL NS in the
hthogr]éiﬁ'@dSé&r\dq\Sﬁlth%séTﬁ%ll‘ér% fhBecaPbe g WtﬁmVﬁIltnfbrm@Qafer

otoresist. The nmasked structure is etched w
formHegvciae g Tbird, and ospsignifieant fay Mmany RBPINREOBS; éB? grodugtion of

I
BB 0t P U RISk 1 S of i
can beresrgsivi.t FheNirst disgdvantageds s;reeiemt mmq/mew applma@qns that do

not i siefebin sidh AR OS2 dpodfy] dbbs Haof course,

applyltentargMmipertanfih&terial, mctudmgeshmm dptsi E)&implmwgﬁemrts mesults that

acdgspdne S0 sRG Bttt olies aeiie rBeA for genprmting

|argé1hamb@aéi&f Highi-qRality Si ABbdéres, d\m’hlthi%kﬁ@é@;%t Idetve totetiofananometers,
nponent or a device substrat e. 7
from;StapgATd Beseit WaleEs 15 p SERPecessjag spausnce; ety 176 Bpsroach
begMs Wit doofEd BEES FeablivERINCstaiRg of 5MEBrBWhiery¥r6ligh an etch mask
to produce trenches with well-defined rippled sidewall morphologies. A collimated flux of
metal deposited at an angle onto these ripples creates isolated 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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[00118] This Exanpl e denonstrates a strategy for
produci ng bul k quantities of high quality,

di mensi onal l'y uniform single-crystal silicon mcro-
and nanori bbons frombul k silicon (111) wafers

WP H088¥8YIses etched trenches with controll eopqﬁfﬁ}f’@é?”om

structures defined on the sidewalls, together with

wnthang’dhedspevabmthgmwm chambersiang reeipes needschiocereate them in large
0 he silicon, to produce
quaﬁﬁﬁss "?S rfié?l&%(%f%%ﬂtﬁg &erlaﬁrt‘)' gﬁés Wi th uni for m t hi cknesses

and |ithographically defined | engths and w dths,
[oomm osrsgumazépteseetmscﬂmmat@ﬂllws’q@tmpéthe fRbrieasien seuence. In the

‘ ﬂrst\a | ckne rrpﬂl o @g‘ﬁ‘iﬁo agﬁ%re H rgaq.fcgﬁ g%tﬁﬁ'nngng%rnf) layer of

&o;&wreaéurmeetdf m\ea@r Aitet cbém@aﬁddhesloﬂopidmaia@ﬂﬁ 1j3e¢%3-

hexg%ﬁyldwllaaggg%ﬁﬁ%qupn L n&ﬁgr OC es e?pzw gﬁltt he:ﬁo2hy (Shipley
1805'p|HBRJ?éS|§ﬁ°(P@QI) 'afd U QBAQfek}@fo éHl?él \Aﬂsfoe%l ar%ﬂng at 110 °C for 5 min

electric operties (nobi |t|es
proigigcbé P%mabx Wahetbblngcﬁh pdufdarag axide h@béntr(B@ﬁ) rTgansene Co.)

soity For Ll 39 BRob SR, BR 3er QbR HaBa yferpteg ings of sio:

on thé V\mﬁ@{ Thede lines drﬁﬂdé&}ndﬁangsayensIforruaadhahk/ejpmntmledfplasma

reaciyp b e PO Al B, s T Ere MbliB Avangg siicon

Etctdr). amliineaWepd eriemteg Ipedenaiiiute to @8 09 b?éi‘i’é(ﬁl@h@% shown in Figure
sensing, and ot her areas. The ribbon geonetry

I S
25, sughothahihe sidawallsof theetged treachascaiposed thepm@i} danest ES?PRlE

oo et ST R85 B IRl R . vrico

sidetvatls g asetof akernttiag cycdes dfétch:mg the gnll(forl and dm)qsitmgraal

ft i ' | .
fluofoRGRaT 18 aesfEldie SBHalls aRnS e RIAT ¢ M elszenbeBrtdae
proéeéé c?blles €@ Boulgrvasi-csiiolad Eppledrstradapssof renef inprthesalsidewalls,

one success to ce Si nanori

throueky é%at&? CaitrRl 9% gé%ﬁmeé%tﬁt PISCrogR POYVES: &Ea@gefspfﬁﬁﬁw&nénd

etcfmq)wcﬂj@éu@’ ioh hRﬁﬁ)léH WEEHEAGSs Waﬁugﬁuhé\é inCA Rfhgle@F 80 nm to 1.5
erials such as oxides (ZnQ, Sn0O Ga203, Fe203,

4m &n@ 6645040, repetively coquidbalachigyed (@trsduczm)endmnufpirem over the

B

andtdmmlitmddsagrsapland 1;300msmspgct:vélyt opersas falows: gﬁs ﬂow 0,/SFe=

m con Ior s enabl.e - contr,0l _
13 2 AL Lo BB e BAGUE 51STF) SR B o 110 scom for
depsgmd)m@a%%ré@wé D4 e ceteringqibiver AB00/ 02 W foe ithaties cct>upled
m cr,0 er

plaskes (RRYRBET (odgeosition s SOTER rabBp: Going BRERor. 7 s
depShifioh §6ratich/ASs. 'ﬁ’%\btcﬁfﬂg @hBebAs Befwdenthd eepBsiton cycles define

various processes can transfer these elements, in
thessriippie slsdctaresabecause toe Fes/ Camjsiuragiss nearyjisgireric etching, the
EiLe) F triI&LFE h
oA SooT e (A TR LRRL B S e SuUBLR s o
periéd 0880 nel witteah sanmlntuue](ﬁ\ﬂommsthbésrgesﬁws a pedochofl hbem and an

ifficult to fabricat ract i
amibida i 450 Trb Rt Poshs SIREeO SR P e b S RR SR R g 5 ot 100
°C 1610 Rfin %rﬁa\féd tﬁetﬂhbfbpblynﬁemn thu%eo@mgrobprn@ the@Rah®le in a BOE
used. Third, and nost significant for

solutippforcamirpfedowed By SINsG dT ﬂ@wn@ed vater Wﬁtth%gesaﬁual SiO.layer.

Nexf il SBERTH et B aorb it | P o HMAMIELRKE 0P waten) of CriAu
di sadvantage is irrelevant to the many appllcatlons
that do 20 not require stréttures with such snal
di mnensi ons. The second does not, of course, apply to
many inmportant materials, including silicon. This
Exanpl e presents results that address the third
l[imtation. In particular, it introduces a sinple
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30 nultilayer stacked geonetries. These ribbons can be
renmoved fromthe wafer and sol ution cast or dry
transfer printed onto desired substrates, with or
[{;5% ol eserving their lithographically d élr}ﬁ§1007/079070
order, for integration into devices s
tranS|stors Thls approach relies only on stan
(/4 o o BRI RBETEH Bhieal S Refissrlpng Ta lowgn bygnot

uppeBfigitinst B AIFSTARE FPBkS, M B éHéHSWﬁﬁ;taésBcétéd' Wilthe overhang
m cro-/ nanostruct ures but

rolied T GEBRBH RO NGt 0 VIt e et s smf@vgrp@cAaﬁptzgmc wet
chefiQY LR FRATES XM Lol FinreEBaUd0-Es Ribdhea si

8d
i es usSing direct sy

alor{g&ﬁéZOiO)laurgurcm Degiphigantad regisadenaiposed ISl al@hgaﬂie sidewtills. The
the fabrication sequence. In the first step
etchingeraie Pt EQHRIoNG Fheat! 191 plenesis mush fagien Ay é’@do ée’((?f?hhund red

tnm%}, fn'sar A5 ey&ﬂ%fﬁre ah i glag%g 'BeEQL‘?seSt‘HEf{"’f‘i BI% %@ gag@E fwer density

coa an a SI1 on prormte , , O, O,
of atverxsamd highelt @bds&y ahdarigtiMgBonds tioem t@eqamﬂ eplanes $hasatresult, this

R N A

dlref:tﬁfn Parflid! tRfHRVdHREe Bf PR WaRK - théeby péieBiing mu1‘t1lé‘yer stacks of
buf fered oxi de etchant (BOE, TranSene Co.) solution

indivigwal Tibhpns wish shigeseeeeeieryined éDYrtB% Angled epgpengtian ang fhe ripple
stru%rﬁFolg %é giénb& ARG a?ﬁpl@o@i ﬁ@m@xﬁng ) Rf/%@(%l%ﬁxtnon

maski ng layers for 1In uctlve y coupl e asma
(2.67 061 Wi/%) iaod flsthﬂmcia@nmg witte HSI/H00 2O STHA MOPRY@umge®d HF (aq)

I : T,
comE36 W LS CONIRARA PlbseE BTl B som o
prepaine tren forleaglingeortd otlarclabstnatest he si dewal I's of the
etched trenches exposed the (110} planes. ICPRIE tools

100 f24F, d AELRR Ited!ET A5 flod R RIS B Lol ghE %0
mairetbineheiatithograpnicadys defineet alignneentshiend positars. Epdthls purpose, we
rodgBRT ool h AT b o B e robon

rem&i¥ @rRfored t§ @r\é St wiRl bv&pﬁﬁéﬂ&dn‘?ﬂet’é' Lﬁi@ile%bt éidhﬁﬁgt Wite RO‘P-f Soft

relitef into these sidewalls, through suitab contr ol

printiig tgghniguesihahuse elgsiomerisriepenisiof p@ly%ﬁs@thygﬁﬂ@sm)éPDMS) can
lift ug%%a‘?ﬁf%i é}ga)%y&"s‘écﬁ ‘éh@&#rgg §| ﬁbB&rﬁsemgh%éyQﬁ]ég %ﬂ?ﬂggﬂﬁg“ the

es I'n range nmto 1
sournmwaf@sfpetransfa tp,a t@ogﬁt@uwraehﬁgv 4d scb@namadiy Hlugtrates this

proc%gé fa%régﬂﬁ ﬁgg}/oeé ﬂ%QI IehIastie zs%[%%trs{ @8&‘}@ dé‘lgthgéurg the PDMS

to ersalydd contdetswitf pr‘bgfbsswgl/yga(genm rubt&ﬂﬂeyaérs\ae\b)qusow peding it away
B8
reledsg 2D & e Wil e NEhaet s SroRiges L S Sesg-g third

layeﬂ)mugﬁg RnfaliprésRess hilowsd Eforpif Sonitaet bl%t W@ééme time avoided
et chi ng power, 600/ 12Wfor inductive cou

b"eaﬂ5|”ﬂs%é’9((rldd§5§"ﬁ'ﬁg dh Fbkgns. InyeysapRPaeN. 6*6%\)8&0@0%9*@%‘? the PDMS
throdg@P\H% d&WBAISGntdricBbh O that 4reS asHBGHdd §Bnd Wdlchths of the

he etching conditions between the deposition

flbefiSe pefficigatly steonghiedeacturgherispon amh%% up@e pegiback. k@ntacting the
I C R :

Si nb?foﬁ‘{ %{'é eét%a %‘éf@ggggltgf Yh;%léw%%c—lp(? g Sn?rj(jh EE?ngaétlljégl’ecﬁnglogleS)

with arthinl, e;ssm castmﬂrmsazerlammmmass a 1@6rnm),dSld1‘8 8licroaienn) &nd heating

m it ud h h
at 76k B i rBeinst e e SRR R BrRd e dtbfide:
Peem@rmkasmbrpm%wa@tﬁé?@obon% flon® tid PHRIS. @Icfd@{exb@slﬁlgfthe

renoved the fluoropolymer on the sidewalls. 1g
achasiiG BRRISPENTErHABEHOSTa SHia (4 2 I9Bm.cid BETE T 5) and

rinsing in deionized water3renoved the residual

Si 02| ayer. Next, angled el ectron beam evaporation (150

fromthe normal axis of a wafer) of C&/Au WO

2008/ 036837PCT/ US2007/ 079070
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(3/47 nm) with a collimated flux formed physical etch
masks along the |ower, but not upper regions, of all
of the ripples, due to shadowi ng associated with the
overhang relief. The evaporation angle contrg
V\é‘?(%“@?(?“g’ﬂ thi's shadowi ng. Anisotropic wet cHe &ﬁ%sgpo /079070
etching with a KOH sol uti on (PSE-200, Transene Co.

furthet edling Er2OVE 5$n|n5ahbarg:edrtbe adhegioni beiyaendhe ribbons and the

con e e B KPPl BRBRAGR B oo cr

prodiicen@geieduolerags (compdosd tipthewaten) @najlaémnals didstratee & Fig.
thapn that along the fill if planes because the {1101
17, Bq%tgé Ypstrates: | ower density of atoms and hi gher
density of dangling bonds than the {111} planes. 14 As
[001622'] eSFI%I 26 bidves Starming @éﬁﬂﬂﬁﬂlcﬁmnmbet(SEM)ﬁmages)o‘Ea Si(tie1)
each trench to the adtacent side in_a 10d

waf?ra(mnltv@ IRG, n-Bpes Ir0Rembat yaneusatages of H@r%’sg;ess hiiibted in

| l:
Fio 8 TIBUNGBARY IR pERCUR Sbrdcatin dund corlpanacys pars
andthhaf Fig26, avese N00tutGenrhi Felly reimseddlbhms bagihickngeges of 80 + 15

nm, ?gngé;ag%gtggﬁf%éﬁw%%ﬁgﬁ@ﬁgﬁ%@ql)rnestglc%%???uniformity is excellent

in a gileh RO BIaFBOstack, ot wells a/crbsumeam*eﬁlé&eeﬁt forothp lted edst ribbon
the fabrication. n atlonreles hetF1lbb Slntoht

whictiis gpMew éwner@%oﬁ NN 188 Cap et ?nﬁﬁ i%hy)'9

und&lPindhé ‘REPR@%Ibﬂttﬁ‘é Sl(bQﬂé%hh’é%ﬁgﬁ% hihd &licths of the ribbons are
I ntegration of these elenents into devices, it is

unifers) wiihine vasiatian m‘ &l 20 pmeysing ¢arvegtiensh p@aﬂapymeém ned

o AR TR P oS R S5, s o o
sev&bpé’éntlmersumb ridbahs Umcﬁlwﬂapﬁef ltetmtonltadbbmh cmer?dmer during
er nder ¢

the BBERGa 1) Riow wesBreoRUSEb U e TG e ap ges and
pen@c‘]@éﬁtﬁ%fdeﬁivaﬁ'ri@ﬁ%‘ét thickhe b etiveBh BE'aﬁU'S@@&ﬁﬁheﬁlBMchleved

can lift up ani zed arrays of such anchored

Uniformiy B¢oRs Ssnwates esyEie variatops irethiokpesaesiad indiyidieal r@ﬁ?%% define the
smaﬁl@%t th IE%FQJSFF tﬁeﬁ c?n R Rlevel Peiltdbaitg These var}rgtlons have four main

emati ca ustrates this process, as pliedt

sourges$| Ene trsttwol argtthe reugheesaioe theamme}& aghe Si%a%@e@@mr@the
nppl%lg SI‘CIED% %&E g; glﬂg:ﬁ dﬁreﬁﬂ%&?ﬁéla%@' H@) tﬂk?rgé&s\ﬁdr"é%ﬁ(s HOY' grain
struétrreeinghs adgleldvbporaa&d myeial \maslks che claugﬂnss"tllat eﬁmt‘s drourth, slight

s

mhoHd@énéYl@é @eéi |Béﬁaléﬂnﬁsrawé/am dOnebetrationgirt the KOK kmnﬁng bath can
pro c e ri bbons adhere to the

P
8|50tlﬁ$d3t§g\fﬁrk¢§ﬂn$jerThmarf%CtWﬁtF&ﬁ(@c@’iaéFF@' Pﬂ‘é’ﬂdsaﬁ’réth%%ma”%t reliably
achlbﬁ%tﬁg 'hﬁbgﬁj HLAREs bhesd RRIWRR tBE pidi@dliidlRRREribed here. Widths as

su C|ent y strong to fracture the ribbon anchors
smail raen~1pﬁeldnapbssnﬂerusmgta signdand @mtsit madetrheteligzegsaphy tool.

Coniisiih Errsydusiain FeTadd AL usa o ey b gy et
nthogfdyhyy fé@cﬁ*ﬁng—(e@5tdﬂ§)eréiUr@conﬂbdGOBR]E)aadd tlepbsmnm @Lg., smaller

d strong, b et
graif g8 HLtharaethiesist iass) sould b nﬁa'gya&%y% °f more)
redJc@rfﬁ’é(@mﬁrﬁﬁuH dRRASIohs TR HRePiMbassddiated WﬁﬁQﬁiSQﬁoéd%@ is on

adhesi ve (photopolynmer) layer to ultrayvjol Pt. \9e dug

the ratig @5 withh qgmlcmy\pgmath@lagergw 360 aggrslifficult to achle
/ 7
ap D o e W e R R B AL T D8 of dfonyas well
substrate. Multiple cycles of transfer printing with a
singl e wafer source of rib¥ons can produce | arge area
coverage (conpared to the wafer) on plastic, as
illustrated in Fig. 17, or other substrates.
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5 [00122] Fig. 26 shows scanning el ectron m croscope
(SEM imges of a Si(111) wafer (Montco, Inc., n-type,
1-10 nun) at various stages of the process illustrated

‘Wﬁ’é@m%ﬁ S’The t hi cknesses, in the mternedié&:{ﬁszpmmgom

tate correspondl ng to parts g an
26, were 100 10 nm Full rel eased ri bbons had

as mﬁ? gallapse ofthe ribpansang(ps @'@ﬁ?t&ﬁ’d‘éfdh%%@dp%sﬁ limes
befér@%o@fét@%ﬁ@l%t The thickness uniformty is excellent

Iven nultllayer stack as well as across the
exce?t for the nost ribbon which is

001 5Hovkiatne B7 shews celections ahihere fiRbans.gerosites ZAm galtion onto a
gIaé%@u@%%ffEﬂ‘?eles@g fﬂ‘n% g tnﬁ!?m@%éj&rt by %ﬁl&&lohc‘?ﬁé Enﬁcgrtrﬂty in the

s and wdths of the rib
widths @ndnérgihsroflihele nbhonsisinégh ((yanaﬁom-‘zma@mus)l Tee ~6 x 10%ribbons

e RREE T A 25 AL 1 B Fehy s

fronk 8n 135&?819’{ §lx FS'&Hznﬂseéa?ﬂplb*PSprééémQ@@ nﬁ’bfjnﬁl%nsc\ﬁlkﬂ aR¥s of

into contact with one another during the KOH etching,

0.1amgi Expwpemek@ata @ngg@etémq; sealingr thaprog@pssipdags any ae10

ey PRl R PR d Bt P18 4B P, ool £ PRl i fis cose. o

smglmprfoaxeaskwg aeqursmet ﬁ@umﬂ@)rwoawl genenateasi’ mgsoﬁ nbbons. It is important
ns def

to nbi, BIECEEE. Pt Pt HU e eB0ER SpERIcRRF I e RV uniform

depusitibatihgles fdrane nietalmasking [AfersoBoce 8/picBhevdporstor tygtem, such as
e the roughness on the edges. of the Si 02masks and an

the i usec {5 &2 SdienarpartectistTs. Griaing i dercelionyangles are 0.72°,
1.38°" Qﬁ'&ﬁ@%efdr%ﬁﬁe 6 SRrygid als §H§156 iMrﬁdres%‘—ééﬂv@ly Increasing

structure 1nt ngl e evaporatéd netal na
the dlatmee betdenr thefsbemeﬁnd:mhstrhte st otjlet easilyamptamentalgeof

soalghesl IR P BB IS, 5, (110 0 anes

concentratl on) in the KOH etching bath can 25al so | ead
[00124] v aiheshiglo im/elmfrd]wdelf ;arteSemisn pheadizbgnsashommahn Rig.@Ydisighlights
on thi.ckness

the Sfed iadiiRve ko e tRoliafiahut SRieBid e eHch HhegRfeR ne
anclerirgraggroach it dstnmselarrﬁ] ||08@ ﬂﬁlrairg%emg ofe nf.bﬁﬂgﬁw in which the

. contac e t ol i t hogr aphy .. L
OB vk BRIEE] AR RS POAGLPAGHG Pbihg "DORAS 26k MantEined,
throlg@s0t Se faBREATEN dd | Jﬂt%’ré’tiﬁh&é?roc@ésc Fiditre( @8 shows i |mages of a Si chip

tenperature controg Ile e03|t|on
(total patterarsizo§rad mnrgu)m@ aligned éouréemreel étﬁcé’}ﬁ of rthfécy)s (@\@ﬂlh& 4 pm,

eng? G0 Miskncas 22 ) Mg e ey e o1 480 405 e opica
mlcrbﬁfdbhthlFﬁg JESCcsvd 5.5 Gsfﬂlbbérﬁ’é MheGicamhial eidcron micrographs
kness; ratios larger tha -60 are difficult to

highligit; tae anctirrs apg the ﬁ@atpéa'“e%ss(g& A8DcInil b KOt efebyront advances in

the (3 BF6ReHIoD 58 168 rBhbieEh Rl 394 5 6pFhe Sl XN hing plane),
as seenm iraﬁlgezaé whieee thelsiucturahaiders inde Iriamgnkarisbaped an¢hors that meet
at a Bl o5 g, bUIS S TSGR o HTLES A BiiatS s fbnsegthese

nbbérisp BhE Pdyek | 'aoa tuﬁnst onfd Gthassubstratt®, usihg @ie pRIcBaSIEB B the 7. Fig.

fromthe wafer g soni cation. The uniformty in th
29a shows an example of Si ribbon arrays (thickness = 235 nm, width = 48 um, length

=190 um) 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
38
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5 widths and | engths of these ribbons is high
(variation = 120 nm). The -6 x 103ri bbons (thickness =
250 nm width = 3 prn, and length = -1.5 cn), shown
here were collected froman area of 1.5 x 1.5 ¢

WO 2W88K%E3T| e represents 90 mof ribbons with %%@7@?9070
0.16 ngy. Experinental data suggest that scaling the

wheprtbe eibbongpareoveny thim (8rg aoway thary 49 sm)w heatpaTie fosceBNGTaFoPrY

aneters
(F i BB T8l il aehat e S ol BAn SRERRUNE og B 16 0 fm) on
the YOl cbsAf iRy ABLSONS2The sofface foghsess! df drsas (ipof tuanf) thtad do not
note, in this case, that | esubstra es.require,s
include Besh Sispads ~08 NhHHANRETEHIT 57 AL RYE| fa S&?%{&F%H‘a? ficlude
thedd Qe B I SRstKIcATeS AXGS BeeTBbsctvéd Oh &R siferRd bascqn 11) wafers
system S| ch as the one used for the studies re

etchedray, KOH T SUIPR AEUGtHESGR0SE SPEY QoINS Vasatigns i ﬂﬁo aiatf;“ages
ThearBH%rérgg ﬁfe S8 hiAk %oﬁ‘le?@%i %rréed'%ar?tha% 8f thdep bé@sH@msurface

I'ncreasi ng I stance between
of treowafee (camzl nm)be;ftstrancmres)gemramd fecng il %ﬂlmmﬂ%lﬁﬁ@lﬁtoab‘@@l)

oo BB ISR BRUEEob i P MRSy ppbB Bt o5

nm)t Thé edghslees\originates gron2thehsaghd efidxtts thah deteemihet the variations in

achi eve well -defined c ratlosswta
thicRsoBs PRCeteRTBHoU el HHERSS VP ings Ay Pice(Tioons were
~+1 S%nF'\EéHaﬂoﬂs? inf tﬁeraeén%@b&mera@eé%@@%r Rbbdrisyin a glvarhaedy weme ~+3
2001t ographl cal defined alignment and orientation
i

nm.dlig: 2R¢ swamgauaeéeamfmbapﬁ@ﬁraqum@ﬁdmart H&-coated PET
sub&?ﬁ’t[e'b&%woglc%@%fﬁ%ﬁr?q th I‘"e‘%ﬁéceéébglﬁr a?& fFﬂé’?félds on the

er n size:
printedt ribbainis gmel 9B&wifor kmstelaysm aér%csfoothers@bod éay(ew &' for the third

el Z185, o3P, G5 G RSy e o

impé&tfgot tr%&@f(ﬁ rowsthe. viafar ioGhe FONIS niscormpletestamsfemfyom an upper layer

| ect hs 25 highlight th hor.
leaVgs A SBLe B0 JDD9H 08 e FAlsT RACED dHeRy P TN aag
pr,nt,ﬁglby@egllo) direction, but the front term nates at ({
| anes (i . e. slomest etching plane), as seen in

8e wh th t t to
oo it e SehEt B HeR P U B AR i sy e
fabricieed fdid bffetaneSistdrs ¢F e 80a, b$ofrte SUbstratengap polyesise ¢l
can transfer these ribbons, one |layer at a tine

thicknaser= 25080+ the@ate elertieda was &r@@efémw?sw ¥ nf@ﬁné the gate
dlelgtﬂc céﬁ%étga 9? g%@%r 2f S%zg(tﬂ:ﬁéﬁegg %'70r d’ﬁengt ﬂ\"erSU-% adhr%glve

coatimgfrefethe @dodedarast dfeF ig oY .| Tngdra mf&rredaslplblbsn@ﬂ@%‘ rsaﬂ'é

coo b BHEAE L rEe o bb LI H St bpucen e

bottopt $utflceioregeSaibbong and e SiGyyate dieldutrik messegaucéd bedFM.
29b, and di scontinuiti

Thl%ﬂ@étw@s@ﬁs@ 36D oM ar0% ov\aRBIe I IRgra AL lgngil,, 100 m
W|d11hh§ ogg ] ﬁ?génstl)rgﬁﬂ Wi e'EUHng Wike TRERAAR (fI'P'TNeTransene Co.)

cro C ge reveal s wel | -separated ste
fornfest Scmttky(@@sr enwontackssiog fessasfrcqipnd grailm quape&q)ttpmegate devices
S e
snol 5658 fhar i SIS gl 1t PSS s i i
devrc@s ﬂiommd mﬁ@dawetbrs osing smnlarrpremeasir@rcwdﬁ@dsaT"@Qa’@EaItWPFS
s Simlar structur

exnlpp e SR TaHOT RE- i Pack® Hieatralie, Soidtbp YIS ] ractor

5%%rr%§§yﬁd1to$19m§m@vé§ fRUBES iSO L@ 30 am2M1lsdli6r nhe second
cal inmages. The roughness value o

layegoﬁmalw%eraj@rsomwaﬁ loterdhan hose SHptye h%‘f?e%bteﬁﬁf’ 4S89 SO
of the wafer (0.12 nn), of 3&tructures generated froma
silicon-on-insulator (S01)
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substrates (0.18 nm, or of ribbons generated fromthe

top surface of a Si wafer (0.5 10 nm. The roughness

originates fromthe same effects that determ ne the

variations in thickness, as discussed previous|

WO 2WRPEY variations along typical ribbons V&crét\fszgtg/owom

nm Variations in the average thick esses of ribbons
wafgns amndgithemwise sioylandeice Bronmsm gtepsg We speeylatertaairthe larger

rou@w%%% rlrb{hgrri;{%ﬁg u?é@ ﬁgfeeé%g n sl%nrbf tﬂ_é}g:ff%%% REB |t is well-

knoanMSBedwt@faosecfrmrge dénsnyloeitde (ot tdmne]ﬁratmmtéld) tlmes larger

TN AR AR G T WL e

the VAIUE Slynifryety.”’The | ower yield for the fourth | ayer was
mai nly due to |rrperfect transfer fromthe wafer to the

1007 i Ry e TR R B VRS AT Bl PR Rt S0y for

prodd&r?’ bRk QUéwtttiés%\ﬂbmng@r%tapéuhwri m@:r@)minoabb&% fréHa bak silicon
enonstrate one possible use of pri

(11 Biragts. Fack FYBE ohe Bau1 aket Bk AIPULPer R (s cAARBRAEh can be
sep%(a?él? 'trﬁﬁ%?’ptﬁvﬁé@ onBP&ney sub-gﬂ%te%u Rﬁtlrﬁté@r%tlmfiht@ akVicsd g@ch as

I ckness = 25 pm), ate el eCtrode was Cr/ A
trangistere Kressimpligy4g tlmrprocaﬁuresh eqility t formne @rganized arrays for

devﬁ:%@ S’téﬁf@‘i‘\ chal@l SraMEm éna?é %Qhﬂ% E)éfé‘?\ﬁél for Sth@r Bg?lc]é_PgsSIbnltles

ve coa rng fro rocedur es
sucﬂés séhmrs,r;mmcbcmteetdrs&nd pérhaps alnwtaydta&r&nin adglition to electromc

oro R SR s bR oo R BB gL

ri bbons and the Si Q2gate dielectric, as neasured by
[00¥#T) Fhutokicedgraphodievarmds s(dEwaIIQEOcordrgdeﬁlﬁee@Wt@TS -ICPRIE

confl it Repr e bhane P it KB Bekaskge Wip T of shadowing

maskivehiigiles f6FENctrdii Besmreaporatioh parikstvBaHaydrky Shebboresrand

contacts t he squrce. and d ottom
Spe QiR 0 BOAN RS oPSElCRRRIToRmEN(E A5y 8 g ale Provided in Figs
31-3pdul ation (Fig. 30c,d), consistent with simlar
devices forned on SO wafers using sim|ar processing
conditions. The transistors exhibited on/off ratios of
[00128]« Referenaes | i near regi ne, per ribbon nobilities
(fill factor 35% correspond to 190 cnRV-1s-I|for the
[00f29] st(1) gy avagied, R3S, ‘EITI%VW & .fAppl.t Py ss Esid6May £89. (b) Holmes, J.

D; 491\?%?%%?(;%?&13&{;%30 GO RS cibrres 20000387 4 U vu, 9-v.;
Chu%90§/ @Bﬁ&éa?tRCI /wsﬁﬁ%}éod%}%osmbsrﬁomdsm f(a?wuser - Yang, P. J.

sim|ar device processi n steps. 7. 11\ specul ate t

Am Gl o DO S4651 (8) PV ¥ | B Vsl Fhvas Lot 2002, 2, 83.
() qﬁ}?%' ¥ @Jeﬁ@“ﬁev"fzr\‘éhpsvd#f@\% /€ SIRON.IG.; Pan V!?lw) Lee, C.-

rfown t'h nt erface ¢har ge denS|t on the
S.; lpieaﬁeT .. 4d¥ Moadar. 200Q, |1rie§34%tr(9)3WUt h’aﬁ(l@mgatJ ofanda &1y

f hy@dr age
Liotr, 0 b a0 0 Y Kb e e g ot BB - YA S8 Cber,
C. Mma.rlyatl t/h:asl Eziatit.4. 200502 40@45. @m:mg d.; Lu, W Hu, Y.; Wu,
f abr on S ng bul k uantities of
Y. Xahdl- ?/rspaM ?ﬁ%@ﬁ% g?glé@no?i bbonsqf rom bul k
sili con (111) waf ers. Each layer in the nultilayer
[001300CKQ) (1) Shilo& d RangtHi Wai@pl\baﬂmclanXbeLsepa,rGISI Kalish, R.;

oo S0 b e LS PR i i Lo .7

Ad\S MBS 2003, 1, esbegfcpsasﬁdw Kalkahh&. khiPehgyCv.;Fonash, S. J. Nano
Lett 2Ogoanl zed ar rays

40
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devices, the high quality of the materials, and the
potential for other device possibilities such as
sensors, photodetectors and perhaps photovol taics,

addi tion to el ectronic circuits, suggest pot
WAPWEOBY” this type of approach to silicon rf(gxfgk%gommom

001275 Phot om crographs of various sidewal |

[00B3¥dor @) (/) Ran., & ¥¥-ePehe. BTIVAmH. it @t%ﬁéﬂp%r%%aﬂaw (d)Li, Y
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[00149] The invention has been described with reference to various specific and
preferred embodiments and techniques. However, it should be understood that many
variations and modifications may be made while remaining within the spirit and scope of
the invention. It will be apparent to one of ordinary skill in the art that compositions,
methods, devices, device elements, materials, procedures and techniques other than
those specifically described herein can be 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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the specification, which are given by way of exanple

or illustration and not of Iimtation. The scope of

the invention shall be limted only by the clainmns. WO
2008/ 036837PC T/ US2007/ 079070 Table 1: Examples of
WQ0889036883 et ch naterial s systems Functi onal PGiEYRP7479070
Sacrificial laver Undercut aaent Application GaAs,

TablePl: Bkamplesof seteativetetedtinatenialsl systemsh

conmposition of Al As< about 50% C, Si, G, SIiC SiCe,

AT Aﬂ%ﬁl;u(cr el g;sg:tgd T te;”p! euAaéearts gl;u?bovde
GaAsglBIADaLAs (8onpound semi conjductors) Al .[Gal,As with x
b_ou@r)"é)atnénAIN?an or equal to gbout 0.7, AlSb, GaSb, Si02

‘I‘?fén“’fsé i d, drofl%orl c acid v LRuf fered

bou ofluoric Ds voltaics,
SiGe, cater g!jn or € “8 Ito 10nt:’ C tr Ql mggcs (transistors,
a5S0! rg 'E)IS ' ab 9 apor,[H Rk LQORSdes, WRY,SEHUIRES,
abov ag:cnals (crystalhne AlSb, GaSb, SiO, etch waveguides etc.

r amorphous; unsure about
amorphous compound

semiconductors)
7 oo » Burn in air/oxygen at
Same as above Organic polymer 00-500 °C Samc as above
GaASl-xNy (Y <x< 1)s

GaAs hitrogen implanted [Aqueous NaOH (1 N) [Same as above
'Warm strong aqueous

IInGaAIN Si basc (TMAH, KOH, [Samc as above
etc.)

[ GayAscPi (%, y < about InGaAs . HEF:H,0,: H,O Same as above

0.05)

Citric Acid: HyO,:

1,0 Same as above

AL GaAs (x > about 0.9) GaAs

Table 2: Functional layer composition useful in producing LEDs (see
FIG. 3E)

1 |GaAs:C 5nm [1019 P-contact
2 JAl0.45Ga0.55As:C 800 nmj1018 |P-spreader
3  JAI0.5In0.5P:Mg 200 nmf1018 |Cladding
4 JA10.25Ga0.251n0.5P 6 nm |Undoped [Barrier

5 |Ga0.441n0.56P 6 nm |Undoped [Q-well

6 JA10.25Ga0.25In0.5P 6 nm  JUndoped [Barrier

7 |Ga0.44In0.56P 6nm |[Undoped 1Q-well

8 ]A10.25Ga0.25In0.5P 6 nm [Undoped [Barrier

9 }Ga0.44In0.56P 6 nm  [Undoped [Q-well

10 |Al10.25Ga0.251In0.5P 6 nm  |Undoped [Barrier

11 }Ga0.44In0.56P 6 nm [Undoped [Q-well

12 |A10.25Ga0.25In0.5P 6 nm  Jundoped [Barrier

13 |A10.5m0.5P 200 nm{1018 [Cladding
14 ]JA10.45Ga0.55As:Te : 800 nm|1018 N-spreader
15 [GaAs:Te . 500 nm|1019 IN-contact




Sanme as above Organic polynmer Burn in air/oxygen at
300-500 C Sane as above GaAs G aAst"'N.Y CY < x < D
nitrogen i nplanted Aqueous NaOH (I N) Sanme as above
InGaAIN Si Warm strong aqueous base (TMAH, 1 CON, etc.)
Sanme as above Inli GayAsxPi _x (x, y < about 0.05)

| nGaAs HF: H202: H20 Sane as above Al."GawAs (x > about
0.9) GaAs

CLAIMS
We claim:
1. A method for making a device or device component; 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
positioned between functional layers in said multilayer structure;

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
structures; and

printing one or more of said transferable structures onto a device substrate or
device component supported by a device substrate, thereby making said device
or said device component.

2, The method of claim 1 wherein said step of releasing at least a portion of said
functional layers from said multilayer structure 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 structure comprises removing at least a
portion of one or more of said release layers in said multilayer structure.
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Ctric Acid: 11202: H20 Sanme as above 5 Table 2:
Functional |ayer conposition useful in producing LEDs
(see FIG 3E) 1 GaAs:C 5 mu 1019 P-contact 2

Al10. 456a0. 55As: C 800 urn 1018 P-spreader C adding 3
A10. 51 n0. 5P: My 200 tun

The method of claim 1 wherein said step of releasing at least a portion of said
functional layers from said multilayer structure comprises separating one or more
of said release layers or a portion thereof from one or more of said functional
layers using a technique selected from the group consisting of :

etching one or more release layers;

thermally shocking one or more release layers;

ablating or decomposing one or more release layers by exposure of said

release layers to electromagnetic radiation from a laser source; and

decomposing one or more release layers by contacting said release layers

with a chemical agent.

The method of claim 1 wherein said functional layers are at least partially
transparent to electromagnetic radiation from a laser source exposed to said
multilayer structure, wherein said electromagnetic radiation is capable of ablating
or decomposing at least a portion of said release layers, said method further
comprising the step of exposing said multilayer structure to said electromagnetic
radiation from said laser source, thereby ablating or decomposing at least a
portion of one or more of said release layers.

The method of claim 5, wherein the multilayer structure is supported on a
substrate and said electromagnetic radiation is at least partially transmitted
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 structure 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.

1018 4 A10. 250a0. 251n0.5P 6 tun Undoped Bat her 5
&a0. 441 n0.56P 6 rim Undoped Qwell 6
Al10. 25Ga0. 251n0. 5P 6 nm Undoped Bat her 7

mechanically stressing said release layers so as to cause propagation of
said interfacial crack, thereby resulting in release of one or more functional
layers.

The method of claim 7 wherein said crack is mechanically, chemically or

thermally introduced into one or more of said release layers.

The method of claim 1 wherein said functional layers in said multilayer structure
are released one at a time.

The method of claim 1 wherein more than one said functional layers in said
multilayer structure are released simultaneously.

The method of claim 1 further comprising the step of providing a mask layer in
physical contact with one or more functional layers, wherein said mask layer is
capable of preventing exposure of one or more functional layers to an etchant,
solvent or chemical agent provided to said multilayer structure during said step of
releasing at least a portion of said functional layers from said multilayer structure.

The method of claim 1 further comprising the step of providing a carrier film in
contact with one or more of said functional layers prior to said step of releasing at
least a portion of said functional layers from said multilayer structure.

The method 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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Ga0. 441 n0.56P 6 urn Undoped Qwell 8

A10. 256a0. 251 n0. 5P 6 urn Undoped Bat her 9
Ga0. 441 n0. 56P 6 urn Undoped Qwell 10
Al10. 25Ga0. 251 n0. 5P 6 um Undoped

15.

16.

17.

18.

19.

20.

selected from the group consisting of photolithography, soft lithography, electron
beam direct writing, and photoablation patterning methods.

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 contact printing.

The method of claim 15, 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
the group consisting of dry transfer contact printing, soft lithographic
microtransfer printing and soft lithographic nanotransfer printing.

The method of claim 16, wherein said step of printing transferable structure
comprises contacting a target substrate with said functional layer and removing
said target substrate from said functional layer, thereby transferring at least a
portion of said functional layer from said multilayer structure to said target
substrate.

The method of claim 16, wherein said step of printing transferable structure
comprises contacting 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

(o]
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Bat her 11 Ga0. 441 n0. 56P 6 nm Undoped Q wel | 12
A10. 25Ga0. 251 n0. 5P 6 inn undoped Barrier 13
A10. 51 n0. 5P 200 nm 1018 C addi ng 14 A10. 45Ga0. 55As: Te

WO 2008/036837 PCT/US2007/079070

21.

22.

23.

24.

25.

26.

27.

the group consisting of fluidic self assembly, ink jet printing, thermal transfer

printing, and screen printing.

The method of claim 1 wherein at least one of said functional layers of said
multilayer structure comprises a semiconductor layer or a sequence of

semiconductor layers.

The method of claim 21 wherein said sequence of semiconductor layers
comprises at least one semiconductor layer selected from the group consisting
of: a single crystalline semiconductor layer, an organic semiconductor layer, an
inorganic semiconductor layer, a Ill-V semiconductor layer; and a group IV

elemental or compound semiconductor.

The method of claim 21 wherein said sequence of semiconductor layers
comprises at least two semiconductor layers comprising different semiconductor

materials.

The method of claim 1 wherein at least one of said functional layers of said
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. a

30.

31.

800 nm 1018 N-spreader N-contact 15 GaAs: Te 500 nm
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substrate or device conponent s porteedneb fd

S ek matned of AEY Bhyieimad 20 fries eBbneies B Sen of GhdeiAlpo said
C OrWBFﬁTé%F strt.%turg t&ﬁ dRIDIRGteOhEle 5@ |dasMope @é!@as"eﬂb?’erﬁé Bidvided

rel easi ng at | east a portion of said functional
I a@@wsem phiungtianghidvers aydsaid spbitai®-e conpri ses

physically separating at | east one pair of adjacent

| ayers, wherein said pair of adjacent |ayers conprises
ke wathedichgleim B8 whereh saidaprieiannerasing Sﬁ@ﬁﬁt"ﬂ'@)ﬁ%{l structure

l ayr?sartiemﬁﬁr‘a@e lahdd éﬁdtﬁrusﬁrbral{%%ﬁr&e SeletE@ rBRLAS dratib

claim ereln sai tep Of releasing at |east a
posaniststing bf: yaper-ghase epismeat molgralas-bramhpitaxy exeparationy er

st 5érﬁt;>tstﬁ5§ rﬁ@t@Wréa?rﬁtrs cﬁeﬁﬁ‘@?{l' \)?:\goﬁaedo%ﬁr%h éhe?r%ét vapordfepdsifion,
re of said ease rs in sad I 1 ayer
StWhMStCar‘@por deposition, sputterrng deposition, sol- gel coatrng, electron beam
evaporation deposition, plasma-enhanced chemical vapor deposition, atomic
layer deposition, liquid phase epitaxy, electrochemical deposition, and spin

coating.

The method of claim 28 further comprising the step of repeating said steps of
generating said multilayer structure on a substrate, releasing at least a portion of
said functional layers from said multilayer structure and printing one or more of
said transferable structures; wherein said substrate is reused during said step of
repeating said steps of generating said multilayer structure on a substrate,
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.

4. The method of claim 1l wherein said step of

releasing at |east a portion of said functional |ayers
fromsaid nmultilayer structure conprises separating

one or nore of said release |ayers or a port|
W 290883533 om one or more of sa?/d funct | oﬁal ?‘2%‘7‘2307/079070
using a techni que selected fromthe group consisting
of : etching one or nore release |layers; thermally
shocki ng one or nore rel ease | ayers; ablating or

deco S|ng one nore re|] ease, | ayers by exposure of
sal B Mefoshs olaiy i wwhesein saKk HRriRgAURYEES PHATSIPRSHYT o m
a é@ﬁﬁfsesé)fs'r%@lectéﬂ@edmmuﬁlﬂln@@plt@klamgr@whejrm
layers by contacting said rel ease layers with a
chehstale agent. 5. The nethod of claim 1 wherein said

functional |ayers are at |least partially transparent
to_el ectrorragnetl c radiation froma | aser so

xpsegthad of &laim dg1whereip spidRresRiecipd Sequeare Shininsfigs
eI @&ﬁﬁrﬁs’é@%ﬂ@r‘n‘aﬁné ARl 18t rs 8nd ARRBbSI @‘ye%t%;ﬂféklamy §fown on
deconposi n l'east a portion of said rel ease |ayers,
sasaid Rl further conprising the step of exposing
said nmultilayer structure to said el ectromagnetic

radi ation fromsaid | aser source, thereby ablating
deEmmetiodf slaim davherainseicd fuBetionel lavers 6f Saig W'@?Y%{éifblc*ure
r %ﬁ%stﬁlckﬁé’sgﬁ selBdB8 1Rt fhedafde 67 Aokt 5 nmB&ILBLINSG, H6D

mul tilayer structure is supported on a substrate and
sahahosiedersr onagnetic radiation is at |east partially
transmtted through said substrate, thereby ablating

or _deconposing at |least a portion of one or nore of
salte methodoé claiy drwherginsais multileyar Fruckura icampris@feztou 2 to

S g at least a portion of said

fﬁé]%@gﬁg lﬂ{cgé%rlggﬁ%m said nultilayer structure

conprises the steps of: introducing an interfacial

Cr-AGK L 9 09'3% m" \M]Perrgm% oﬁﬂhﬂla&g} &ﬁ%ﬁﬂa %Xﬁl?ﬁsesaé%ut 2to

mechantcal freSS|n rel’ease layers so as

C aalsomit ﬁ@@pﬁm&layersf sai d interfacial crack, thereby

resulting in release of one or nore functi onal | ayers.

8. The nmethod of claim7 wherein said crack is _

meEeamiethaid| of clagh dmooadrisingar methedmd Makingret proaonadidici devise or

on nor e rel . . The. .

o1 S e Tiep SenS Rl 5P B fenid Sy atony ifi e p10se Bvice or

mudidvidesgrey, atlaset buagayotaserkcarsesensneorsgenaot amay. 10.

The nethod of claim1 wherein nore than one said

functional layers in said nultilayer structure are
r eTmmethoslidfmlatrarl apugdrigingBlmetfiod affetaking anfintalgeated glectronic

| s REbGed e crfich & C%Eqrp%@%n@%&e@ﬁ% cdl B¥ie.

Iayers mhereln said mask layer is capable of

prevent i re.of one ar tianal.

P R et it R0 B Gurfreo Brsectiboniilor slbres s bR

S addinphsirig theg®&pseifr uct ure during said step of
releasing at |east a portion of said functional |ayers
fromsaid nmultilayer structure. 12. The method of

cl ;ﬁb%fhgfaurhbiﬂ@yeﬁﬁfmiurélcﬁ@phblﬂg st ;ﬂ@ramﬁ/ opfmtldiaﬁ gayars and a
carrier filmin conta

f m{eﬁaiﬂafrei|re'¢%§¢e'@¥erﬁrw6?remoat§%a% S RREIPNG S a2 Ggts are
| east a portion of said functional layers fromsaid

mul tilayer structure. 13. The nmethod of claiml

further conprising the step of making recessed

features in at |east one of said functional |ayers so
as to generate said transferable structures having one
or nore presel ected mcrosized or nanosi zed physica

di mensi ons. 52



40.

41.

42.

14. The nmethod of claim 13 wherein said step of
generating recessed features in at |east one of said
functional layers is carried out using a patterning
techni gue selected fromthe group consistin

W08 Hogr aphy, soft Iithog?aphg, electrongggg 007/079070
direct witing, and photoabl ati on patterning nethods.
15. The method of claim1l, wherein said step of

printing one or nore said transferable structures onto

sai d _device substrate or device, conponen upported by ..

S SPeHaDR BRI aioBal ey era Mt S TOUEXH SegHEag] least & Bortion
PréfiaidYanctidhal iBhers@hipagingfonelorinibrd Bemitdad@dter thini flms; and
step of printing one or nore said transferable

structures onto said device substrate or device
COfERRARRRLat FHRPE bbABNRY sgidifhdligMalasyers 6T RiEmuBilayer structure

carried out via a technique selected fronlthﬁ %éfyg
c oPisseparAiaaNeyNare oh 82id releasf Iayers B eroripy theigpet from one or
I 1BRAGARIY feinBdraPllél Sthefet'deRbidifg 88id t&Pkferable
I|thqgn%Ph|c nanotransfer printing. 17. The nethod of

cl samicaBiucigi SFeetHreSai d step of printing transferable
structure conprises contacting a target substrate with

sai d functional |ayer and renoving said target

sub megthediof elain 3P dutthas comersing f Ccompesiagihe step of

t r@éh% | 3 ALl 5REStr R tRe ohi PEuRiraf2 el st IE8RRhe release
| a er%ﬁ?@é%ggiglﬁﬁﬁt%fa er_structJ?e to said target

s Ubgerriapeovided, befweersaithbnctional layers arel sajghsykstigtes ai d

step of printing transferable structure conprises

contacting an elastoneric stanp with said functiona

| alfer methgdrof steim 4§ ferdhed comagsioenting etep ohfgpeptinthsaidpigps of
fu [ I : i ' ' I

| P ol oy b SR A Rlrole Rl o e
el pastiomefsaid Bnatignal egersTham seidodtiayerstrarivre wheeeiaisaid
saj ik . o) . ' f : ;
ot 3 hsRh{Es RysBY b afecttt R ng 80 & BhBRIR sai
compltitagert stauntye ohedsubgtratei anddelgasing i lsest apertios of said

c ' Pr-W ' LLNLd pg. 20. The net hod of

o TahfEReP ekt S UPRSTSHOBLRR:  20 oneor more

said transferable structures onto said device

supst r.at r..devic ent ; ' ice
b B ek B R S R By L P O
W et Bir368 3WpEF:US2007/ 079070 the group consi sting

of fluidic self assenbly, ink jet printing, thernal
transfer printing, and screen printing. 21. The nethod

of prelidingnalmultitayer struatturk €astprising aqflurality f functionad teylers and a

LEANAETRICTIYY A (RN 41 g
| ayyitoned Betwided fordtivad! layers irasaid Adultidner stractsed, dt least a portion

sequence of sem conduct.or | rs.co i ses at |east

ond 8 estmﬁ‘%?fswavw's'é‘@|P§§F°é18"“?'?g%h he group
consisting of: a single crystalline sem conductor

 ayer,.  an organi c_ sem.conductor layer_ an inorganic

s Hlec B It RguEn o AR TURpGaek AN e fkaid B ARt sgpcture
a 1§y supRrdtMgereEMdte obBaitl 0EBasHRYSREr @ittt therec2Bom one or
The net hod. of cIaLn121 ﬁgerein sai. d se uem&efgf terabl

s eMPER R PcoRRLREeTE oRFFeby aengtatipg aHUTp(jy of ransierable

S epH VR cRlls;latiger s conpri sing different

sem conductor materials. 24. The nethod of claim1
wherein at | east one of said functional |ayers of said

mul tilayer structure conprises one or nore dielectric

| ayers or one or nore conductor |ayers. 25. The nethod

of claim1l wherein said nmultilayer structure further
conprises one or nore carrp&r filmnms provided in

physi cal contact with one or nore functional |ayers.

26. The nmethod of claim1 wherein at |east one of said
functional layers of said nultilayer structure

conprises an electronic, optical or electro-optic



43.

44.

45.

27. The nethod of claim 26 wherein at | east one of
said functional layers of said nultilayer structure
conprises an electronic, optical or electro-optic
device or a conponent of an electronic, optical or

el ectro-optic device selected fromthe WO

2008/ 036837PCT/ U52007/ 079070 group consisting of: a
P-N junction, a thin filmtransistor, a single
junction solar cell, a nulti-junction solar cell, a
phot odi ode, a light emtting diode, a |laser, a CMOS
devi ce, a MOSFET device, a MESFET device, and a HEMI
deyinfRy oRSor Mbre oetaltbidaraferabiy phbtovbltdicrsells-aito & deviber
conprising the step of —generatin ai. d L&l
st%é‘l@fﬁé’%ﬁ"'ﬁe 9%5?'?95'5 ‘,Jp%qué’ly% iﬁv'ﬁeesg'??ﬁ%tﬁy%éptg%e
| gyRking or S¥IGtitndsihting ! thereby srikihgfsaitphcinaltaicalesics cadevice
sai d substrate. 29. The nethod of claim 28 wherein
sa®Yst ep of generating said nmultilayer structure on
said substrate is carried out using a techni que

S TS obh Gl 47 A5 SR PR VoS pele 4T Sai TUncional layers

de&%%rk}a%re@ééé@%é@mﬂn@e ehssrhieahduskdratiin dipssi ti on,

chem'cal vapor deposition, physical vapor deposition,

sputtering deposition, sol-gel coating, electron beam
eVARGhathba Bt BERPES firfir cBihAtkdiRg R stmakiegTiesabsadagatures
deposition, atom c |ayer deposition, |iquid phage
eph@hlepst areceftsaisciiaetional layrsp §3ia6itd asan%rﬂ@ a4 &a'l%%{?P'ﬁg.
3holdRitS: %B@hé%&&ﬁé&?ﬁ of B4 16dte & RIBIESIA 6 ridPRsiSEED

of 'repeating said steps of generating said nmultilayer
stphysicakdimensiansubstrate, rel easing at |east a portion

of said functional layers fromsaid nultilayer

structure and printing one or nore of said L

t rAnsEtEddfol makingacdayicesr demise sompenen, Al Betadeqmiprising the
re sesd fcluri ng said step of repeating said steps of

ge a?l‘ng said multilayer structure on a substrate,

r el epivitingd sherifistal kygoon atdeasifa pagian efunsubistalel sufagersaid

rmor o 8¢ i oo ik RLe HeRKA S BET C' 51 " e et hod

of claim 28 wherein at |east a portion of said

functignal |ayers,..r.el.ea I j

mul ¢ PROg oA RRLTrEaLIERT i, R i £ baltfh B SlgcRBh Subsrate
on saudagdibstrate. WO 2008/ 036837PCT/ US2007/ 079070

32. The nmethod of claim31 wherein said functional

| ayers and rel ease | ayers conprise a presel ected

S eg u ?agtgsiﬁﬁgs% I‘Ur@ﬁéﬁldl @ﬁegh b?lxg'alal d yorggmwahm_siﬁdi_al layer
substrate. . e nethod, o i m rei [ .
pr es SPEAINIRGSWEAFEANIEXBPSed S Ws?r?%rﬁé‘r%BﬁB?ﬁ?%rg Stﬂe?‘e%y%eneratmg
al t ergagtor Atbré AlrRaskal le aschdnél corespbhdingto baiy pattern of

epi taxi al | rown on said substrate. 34. The method of
cl ai @Xpo #ateadd f uncti onal |ayers of said

mul tilayer structure have thicknesses selected from

the range of about 5 nmto about 50. 000 nanqneter
35. Teleasieg Rbleasta portipmrohsaighinetional lavar. whef ?‘Rﬁiﬁeﬁ’gﬁem of

: . _ .
|S a; g ?E"?"f@%aq%'aﬁtﬁ%@z&ﬂ?m% casPpathllyAHnbreacas isaidalubstrate

of claim1 wherein sajd . .
mui t idndyat feast a pottionef saidfuncienaldavsinobanchorasdigisaishiybstrate is
rele L i i8] N a
ot hageart STy dongtaf PRttty ndiefirle SRS
array, a transistor device org device array, a |ight
emitting diode device or 8évice array, a |aser or
array of lasers, or a sensor or sensor array. 38. The
nmet hod of claim 1 conprising a nethod of making an
integrated electronic circuit, a
m croel ect ronmechani cal device or a
nanoel ect romechani cal devi ce.



46.

47.

48.

49.

50.

39. A nethod of making transferable sem conductor
structures; said nethod conprising the steps of:
providing a nmultilayer structure conprising a

lurality of functional layers and a pluralit f
Oéﬁ%s%ayer s; wherein at |east a portion CFFX‘Q[%?(H)WOWWO

rel ease |layers are WD 2008/ 036837PCT/ US2007/ 079070
positi oned between functional |ayers in said

mul tilayer structure, at |least a portion of said
functional |ayers conprising one or nore sem conduct or
thin filns; and releasing at |east a portion of said
f UMetrh@R8d of @Xitt 85, frliBr TamprisMb trih@esnesd i hcreLuf gaidy
separating one or nore of said rel ease |ayers or, a

p GrRNFiG/AbN i eHoF 0BIR SRV SYRSITates dexicq CPIIEDF:apported
I SeviddGlbghNegener ating said transferable
sem conduct or structures. 40. The nethod of claim 39
further conprising further conprising the step of

9efHS ALthBY of' hth 18] ihdréivahe Félééé‘i“d‘étiég ebmprisasbst r at e,

wherein at |east one release |ayer provi ded bet ?n _
sai deanfedting@nalasterpericstamg ta at Wasipertign f sajd fungfignal layer;
met hggdy of claim40 further conprising the step of

repeating said steps of generat iag(g said nmultil ayer _
st r usmovingaidistanipStaracentagiovitnesaid dingtional layeq dhergby removing
port 5tﬂga§ifa p\?ﬁ‘bcﬂw St ﬂuﬁ&fﬂn@ RY&( thaf it ABt ShdreBtbisalcayer
structure, erein sald substrate 1s reused during

sai dsgisbpteof repeating said steps of generating said

mul tilayer structure on a substrate and rel easing at

| east a portion of said functional |ayers fromsaid

miThe hethed of tlaint #6.rwherain. tharaleadingistep COMARTER) a

phot gy i ' i JeaathbofRiMdaid functional
Comprrfoal R et Y EBalE KFatioaEb oyt Said funct

st r ulayem, endonprising a plurality of functional |ayers
and a plural i IS5 \thadaid €astordl
por  Fafo B ety BEAREs LAL TR Wit dd Ekorm

f unctayendtherely earssfeming at kdashd portiay ef said functionas |aygt that is not

| east ortion, of i d f ' r MRS

phot BV 1 B PSRl oSt AR L YL JEORR cbpent
sai dsfpprcteddhyaaid dguinessubstvatessaifdcerul ti | ayer structure

by separating one or nore of said release |ayers or a
portion thereof fromone or nore of said functional

| apiey ethbd @f elaim g8nehertinrthe eeledsim@step wsed a techniguersglsicted
phot oyol t ai ¢ ceI.ItS' zfl_nd printing one or nore of said

t FERTR N6 BYR CHIRRIOYS t ai ¢ cel s onto a device

subst r atehiny sdikevasificieblapenent supported by a device
substrate by contact printing, ,Qr_solution printing,

t her eb?hmﬁhﬁh%éaklrﬁ %?W‘h?’%gﬁxerdevi ce or device

array. abitingbedessnsusingfbycdposurédfshigrsaicrificalilayer to radiation
photovoltaic cells of said functional |ayers conprise

a presdoBLe BFEEEHIER Aot seni conductor thin fil ms.

44. ThejebBhpesin@taialsatifickdidysr by esntactimgrsatl segrifitial layezpvith a
of making recessed features in at |east one of said
functi 6REMIYELFEY so as to generate said transferable
photovol taic cells having one or nore presel ected

et hoReeR ofaRY AL SRR VDR el o BT EOH TRt Rl of 2
Mehiedy&imiciséng the steps of:
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51.

52.

53.

providing a sacrificial |ayer on at |east a portion of

a substrate surface, said sacrificial |ayer having a
receiving surface; patterning said sacrificial |ayer
to_generate a pattern of exposed substrate

WR "gﬁl 3ﬂg a functional |ayer on at |east a po@s%m/m%om
sald sacrificial layer receiving surface and exposed
substrate surface pattern, thereby generating one or

nore functional |ayer anchors corresponding to said
pattern of exposed substrate; and rel easing at |east a
portion of said functional |ayer, wherein the pattern

of A fraeibd ofoalfabrieting ad giaalty r@‘ﬁﬁhrﬁsfa’ebleeesmmpadmdt@'l Elements
anchoraﬁ to sajd substrate and ast adﬁortlpn of

s RrAVIferhint 3 BENaYeRgERY. 781 ARG PomPTa NG RS AF  at e

is rel eased, thereby generating a plurality of

transferabl e ryctures, . - . .
2BV 88 BPeT hRIne 87 exte Gurfece. RIS WRIPHERMRIiSINg a7 fperganic
45entidridueforconpri sing printing one or nore of said
transferable structures onto a device substrate or

devi ce conponent supported by a device substrate. 47.

Thaadid186lebtbd GEgibAR 46 samf@(t&tnﬁl $liraceehyepovidighes b &Pst mask to

conpri ses: contactin an el astoneric stanp to at | east
a wextewabw@&pdthﬁ tgepREAting Masked rpaipnsans\ArHpaskef gegions

st &1gidf xR &INaEE oMédidwaRdrd functional |ayer, thereby
renmoving at |least a portion of said functional |ayer

that is not anchored to said substrate. 48. The net hod

Of ot ﬁ(_% @aﬂi(sunﬁ‘»\gﬁﬁ@' Boibh§ Jf BhRAS1BaP 5GPaceONMEdid Wfer, thereby
conta evice substrate surface to at |east

a
pogetrterﬂtmgfa elaralityt efrretiefdaaurasagdending omesaid EXgMahsarface into
deysi§ Grafh! b\%ftér%tneats!éﬁéta& Softfof "Bf%%ﬂi REEf F@atd?e@ @héh have at least

functlona ayer ereby transf errln% | east a
PN mtqurectaidq sipret hawn-g a contewr Rratle thad vades spatiafy algng the

t Qefs Eghgf%g%t fe%&teortgo%éé“ d device substrate or device

conponent supporte y sai d device substrate surface.
49. The nethod of claim45, wherein the releasing step

ustﬁéslfn%?a@@%&tﬂ reﬁeéié’é%&%cg% %p‘ %\ﬁm% E"é‘éc& ﬁta% '\Mgerem said

Sal sacrifticla yer er nal ock I Ng
s adodtes et srﬂe sushce ageepnly pattially mpsied @w@tﬂp%@mg rpgsk, thereby

leggegtrét’égtga ?rﬁ:aes?@g %85 Afhlabk&d Rlgidr@XFoviddd AiBHY He BRgth'? Th 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.

deconposing said sacrificial |ayer by contacting said
sacrificial layer with a chem cal agent. 50. The

nmet hod of any of clainms 45-49 wherein said functiona

| ayer is part of a multilayer structure.

%&W@%’é’swm U52007/ 079070 51. A nethod f grcT/US2007/079070
fabricating a plurality of transferable sem conduct or

el enents provided in a nultilayer array, said method
conprising the steps of: providing a wafer having an

external surface, said wafer ISI .Ng an i norga
seTﬁQ:@‘ﬁHI?@thrda'Wa%kWH@r%F@etsg@ng g sgid Wiy 30" regions of

exdLd Berrl clAER BYsdid QafFdh @@aﬂleﬁldlﬁ'byf@&i@ éﬁbo%atedof the side
external surface, thereby gener at |q{% sked i ons

aruriaapmekarin fresgpesrkieaiurasie ptehenisy etguqua'%e’ Frialsi d

waf er; etching said unmasked regions of said external
surface of said waf er, therebyé %eneratl ng a plur
r

al | .
o Thamaod GhidaiBe Sexiharainneaf rau s, Sert SPHeR out by oyolic
al){ﬁ)@ﬁ@re' d?ttﬂ? SRS UNat&! of WF@de@séH idafisd tPrdeetivd PR @thants

S relief teatures each have at |east one contoured
siafwl efoh fesisd madgnialyy a contour profile that varies
spatially along the length of said at | east one si de
maski ng said contoured side surfaces by providing

s eBummetnagiof claitaGdiwhesein gaiskeiclng sigrds aarrisd OLbwENg Inguctively

o%é{u ?J?’la@HayRée%fgﬁgarPEtcﬁ dgﬁﬁ&@ﬂ%)(Gbgﬁtchhhle&reé’}éombmatton

generati ng mask unmas regi ons_provided al ong
t haf bcglmgmcﬂuqbﬂelss@@pﬁctj@l@uwf Reagfive daa EEAG rgdsBuffered Oxide

i de surfaces; thereby generating
s%ﬁgpﬁ%&nﬂﬁy @?l&t' rsznsf erabl e sem conductor el enments
provi ded in said nultilayer array. 52. The nethod of

S Edrtbured sid
vva el %é‘ép%%glaﬂnf’ﬂ \ghg\% neFalb co%i%?@éinogglggiumf. bured side
i ssuafases i lwave \eafpduralityy phdeatu(es] Extesingntengtiom  thatymtersect a

2408 AR T HEFQRH0HRBInRd syBliaret hod of ol aim

unnasked regi ons
of said external surface of said wafer is carried out

DI o 5D bR b8 BULAGERF Bl $0hr o ao
nedeteoted SrondGhe Theuprebhsistingfl of Iridges., 5¢Ipm¢ﬁarae1|dnswoued shaped
et chi

S e S Rl Gy SR 1 sl e tedy o810 eactive

ion etchants and etch resist materials. 56. The nethod

i el e 9515 B 4 ML oS0 e

Bttgl'fa@éc dec@SB@theEtwbﬁf&thn as slebivmasskerduningsatdrstep of maskmg
! t t | on, E
B G PaNiCebA Gt Efasrs BEPRRIG et RAPQ LS théeB) Benorating

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.

57. The nethod of claimb51 wherein said contour

profiles of said contoured side surfaces have a

plurality of features extending |lengths that intersect

a longitudinal axis of the lengths of said sj

V%‘b?qoﬂg@?" 58. The method of claim57 wherei n"‘gfzvsa"""‘””“’
features of said contour profiles are selected from

the group consisting of ridges, ripples and scall oped
shaped recessed features provided on said side

surfaces. 59. The_ net hod of any of cl.ains 56-58 .
whEemethog of qlaiengas wherehpaid sigp QlcelFing saidsyiupsed regions of
I 6585 $GehckS A sHrASd bW i hlSotPspisERAiIAY masks during said
step of masking said contoured side surfaces by

provi di ng said second nmask, thereby generating said

UnTTRS kfathde8i Qfitn 81 vitréin SJafte wakt lig@esilicoOwafheaving ed(111)
of ¢

claim51 wherein said st eF of maski ng said . .
cowientation. andevhaipinasaid SERP BF SlahiNonsaid Wweaskgd fegiens of side
cag tcXiad 209 66 “ARBirosie Peshihh OprefdreatidlgsSkiong <110>
rrggt'_jerfraieg? R0l SR g R e
meditestionst ofiaid siidn widiek ei n said step of etching said
unmasked regions of side surfaces is carried out via
ani sotropic etching. 62. The nethod of claimg6l ,
whBreemethodiaf clgit & wherein Siaid ausptieRicestiiiag isrfodAeq by exposing
0T b BRENIBALR) 0B Atadd 8P Qfor@iabna said
unmasked regi ons or side surfaces Is carried out via
ani sotropic etching preferentially along <110>
di-HeCH i}{b% Fosa s ﬁ/gle}e‘i}PQaiHBeft&{ing 83p ofR&id&imaked regions of
claim 6l Whereln said ani Sot ropi ¢ etching is provided
byside parficeg genérdtasraaid kansferallememiesndyglod elemeatss wheegie each
to . ' erein
oo SR S E porffboicl] M s s Rh S
surfaces generates said transferabl e sem conduct or
el genment 2] f E ; t ;
F ol g g 3 Sgete B e ot e RIS 0 i an
cl etchreésistadtenaskn said first mask, said second mask or
both is an etch resistant mask. 66. A nmethod of
assenbling a plurality transferabl e sem conduct or
el & methad ofrasaemblirss a plueglitystaamsferablesemicomductor elgments on a
steps, of : _providi sai d ral ity of transferable
se#égﬁt&uﬁggfneérlloe %rlsﬁbggg%) Si(%n' a multilayer array
of claimb51; printing said transferabl e sem conduct or

o1 By Ao B eagely S PRl misph o o P e

devilltiRyesara) sreddiodsigonpri sing the steps of: providing
said plurality of transferable sem conductor elenents
provided in a nultilayer array of claim51; WO

206HhtiAg 6813 HRASIiH® 8emZ6AOTSor 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.

printing said transferable sem conductor elenents on a
substrate, thereby nmaking said el ectronic device or
conmponent of said el ectronic device. 68. The method of
claim66 or 67, wherein said printing step is carrije
W2003/03688nt act printing. 69. The method of chg,/qﬁzgogloz?pm
67, wherein said printing step is sequentially
printing transferable sem conductor in different
| ayers of said multilayer. 70. The nethod of claim 69,
wherein printing sem conductor elenments in a first
| ayer of said array expose one or nore transferable
gzmn?uﬂg gé‘l %ké’d@g :ﬁlcbﬂdl?ctér%fé’rﬁer% of @ flibdfrataYthereby
erneat sard first l[ayer. 71. A nethod
f onaijeg ealdtale@{QTOalCrﬁ@MPB loagempangmi pf edid elesianie ﬂﬁw%
sem conduct or el enents, said nethod conpri sing the
steps of: providing a substrate havi ng an externa
s UFhieaethog o iaith GG on6Tawhereimeaid erinting Stapds sapge Pub'av gRntact
;ﬁﬁ‘t' ternal surface of said substrate, wherein said
'yer structure conprises an alternating sequence
of semi conductor layers and sacrificial |ayers;
er
ol B i of B B BP P SRl Rt E S s SRS printing
detparsidrablg semraoodmtmgmwlffmsermlwemmd mu&i*ayer el ement
in said one or nore recess features, thereby anchoring
at | east a portion of each of said sem conductor
| aptey methodhcldins 69swhereim miating serhiconddciereleroents irea st layer

nor.e m conduct

{ o PR ASPESs B By RGRbR B SUEBE RNy jn 2 aver
Thef sariet drea pfsitiohad omddrneathesaw fivsidayat. r ecess feature
traverses froma top layer of said nultilayer

structure to said substrate external surface thereby

e XM aesiting foegématutg‘a saitibyeu Iamay at tearestarelbln semicontiacier

anq sai d het er eous. anctF] enent anchors each of

saf AMERT 2R q"é‘if@frkg 83? {"substrate external

sur f acrovitihg d Sebstrateteabiraf arcbetemaldyrfacker ei n sai d

Lop. T apns S HRYET SPSutyierToBpiid B o8 BRERREHTHRe o sac

sem copgiia®s, Wy sbﬂnﬁ@tllby@wtmcwmrapme,s araltesmtidg
het er ogeneous anchor %Jcime]nt anchors., SaLI irst

seni coREARaNsE of s§icopdhcioriayears agd sailife 8H%fat:t or

| ayer . gdierafiftforigediiasieatceusyfestliras! i remoling Matetia frermsaid
sai d de S|t|ng or coating step is carried out using a
t echni Hﬁ’é‘ llayer sEYelbre; A8t t he group consisting of :

vapor - B@&&ﬁ:r@@rb@éﬁhg éfﬁétéfddeaéow@mhepekﬁ?em in said one or more
evapor at | on

eposi tion, netal organi a
deposi f§%68S fQﬁt\‘éfﬁ? 65?’@&68?*‘%@9@2 ?e(aisgﬁ PO'S’RQQ? gafh &oasﬁbdr
deposi th@pon8iibrIsydre to S8 EbStIbe exteMat S@facepart ¢rregor more
el ectron beam evaporati on depositi %QQ‘QF asrra e

cheni c&eMigapaycterdpys PF’B?@th&ts@l’ﬁ'?Pr] WP SB'H mffltnayer
I'i qui dgph@ase, ePbdtaxy. el ectrochem cal deposition, and
spin coating. 75. The nethod of claim 73, furt her

corrprl sing: selectively renoving said sacrificial

" gﬁ?elrmem% dr Slahs e alhers@ <hid Fecads kA€ @BMISEDRom a top layer of

ayer
sald multllayer 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.

77.

78.

rel easing said first sem conductor top |ayer; renoving
sai d anchor elenent, and repeating said generating and
depositing steps, thereby anchoring said second
sem conductor layer to a third sem conductor_|a

er
W02008/0368Feneat h sai d second semi conduct or |a1’};‘él"(l?/820,05/_079070

The nmethod of claim 75, wherein the process is
repeated until all the sem conductor |ayers are
renoved from said substrate external surface. 77. The
met hod of claim 76, wherein said substrate conprises a
weslementanghersieack @beaid aemiGoadycierdayers & 7id supsirate external
s%&ggg mul tilayer structure. 78. The method of claim

7 ur?her conprising: renoving said sacrificial

| dhfermethodobalsinn §1.sehiateisnidgrersieaiure hgwress FramEVisg
saldh sai i i | Riddvductor
oA Blor EoBaTR of cpiBES HIoBR K R e en
sdayerdeneathshidsapayes and ssid pteigasnequsansher glepeniarsgors

said ¢ ' d rs each

oroel it EfeuRlugRERglP|d il BLdataRipdiapliopeyger  eact

exkrermethod of amyef claig, 714 fa wiherkin Saigwiepagjting or coating step is

transf I ' i -

S UBERER Vs BaRRL ARG A ke F BNk R BRI o vapor-phase

t repitakye nadiéeulardraacoemtacy orvapbratien depesiin ﬂ‘@@ﬁ%fﬁaaiﬁ chemical

external suyrface ' rate- . orovidi ;

noteePLgenrainh kit Vb detstibA shysioB R Aeon,

s ajpditteriranddpositbh escd-gei comtidg,odlestropl beapmevapahtion deposition,

physi cal contact wt i r . Uy i

Digrieanfatee A cho ol yaRl deRumE, BofuglayBr Soddehil o

el garatepitaxys aiedirsehestica deposion, aha spiptdeetindf cl ai m 79
rein,sgid ste f .providi sai d het er ogeneous

%e@paﬁgﬁlemZﬁﬁpﬁﬁ%rscogg%%gti ng or coating a |ayer

of mat esliedtlivelyremovingesatd saqgoificial layerdfiatimbeneatibsaid &itsé.

81. The net h§t?<a8|f cl ai m 80 wherein said | ayer covers a

por t i oRC'BCO8 dRPYELl surface of said substrate.

82. Theclsmiimpshiofirst bamitoBOusiretopiayesai d st ep of
generating .said transferable sem conductor el ement

expos e BRI FAAFPENA MY 1 egi ons of said extenal
sur f acan@repdating bait @eperiingadd tdbpusiting, stews trerebysanatioring

step of providin ,sai%iphetero eneoqus_ancho I .
conpr i §8%¢ S&éﬂi‘é?‘?gm'ﬁ@n tcl’(&%?ﬁr%@a ﬁdquan&oer}crugﬁ)r %%F{ggts £
a port beRedth sali cendssaidon@giamsyerf sai d exter nal
surface or structure rpvhded t her eon. .
The method of claim 75, wherein the process Is repéated 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.

83. The nethod of claim80 wherein said |ayer of
material conprises a thin filmstructure. 84. The
nmet hod of claim 80 wherein said |ayer of materi al

CO%TI ses a resist material. WO

$8%8537PCTI US2007/ 079070 85. The net hod BFTVEPA7A™07
80 wherein said |ayer of material conprises SiN or
PECVD di el ectric. 86. The nethod of claim80 wherein
said layer of material is provided in contact with and
extends al gng a side of said tran

sem coRtfRefYrocaeEatiBaan aRRRerdhat F\ars| e%‘/‘h ©f §id sgMisondyctor

t er m nadyess torsarislivsaBlcastsmadiutagxt er nal surface of
sai d substrate or structure provided ﬁhereon

med ARehest ofdnaking B drapieratissemicanqugis ed?en%epefeqrsqﬂ t0a°

COfYstraRS sAd PthoBEdrHSisiig that connects a si de of
sai d transferabl e sem conductor el enent to sa

ext er n§ENYaHRGEAd Frnsfarablesamaipenaustas clegen étJQROéfed by an
provi d%ﬁteH’a%@r%be HRaidiipstiehod of claim 79 wherein

sai d transferabl e sem conductor el enent conprises a
singl e sem conductor |ayer. 89. The nethod of claim79

wher ei rcﬁﬁ"du?b 3 h@fé?cgéaern@%@a% E%ﬁ%@ﬁ%hy@icﬁf@ﬁact with said

conprises a | ayer structure having a plurality of

sem coﬁ@[]%fﬁfﬂblq %@r@c@wd@mr elgmeniand syriypical egniact gvith said
wher ei dy 52t asfetrgétur@e&s&.aéd Perehl thetduricRbAR Said

sem con uct or enent conprises pr oviding a nultilevel
array eemicondedterelementdespisinbaceier el enents supported
by an external surface of said substrate; wherein said
step of providing said heterogeneous anchor el enent

c ofhysr inethod dé plaisn ¥9 mdnersin saidisterof@reviging said heigregengous

t
rﬁﬂc@érﬁ%&@%&fﬁrﬁﬁis& gi@ﬁoé?lengd?}l dp%ahﬁqﬁlg iﬂg@g reprlgr@treg)a}l tgﬁtd covers a
c qurtart of saicsubisirete. of sai d external surface of said
substrate or structure provided thereon. 91. The

met hod of claim 79 wherein said heterogeneous anchor

eI Theemethod o€ tiaiom 80 adesain egidiayer opvarapagortionghsaid external

/079070 92. A nethod of assenbling
?(ggggggg‘g?&@%%ngconductor el enent, said nethod
conpr|3|ng the steps of: prOV|d|ng the transferabl e

YAl R e Al

eI wrmatndmntoo elerben exposes lose vatrerd gxmsedtregigns Sfxaidrésdernal

ca-o6e Fhe Rt udRridnc Phfel &l Horlsh RN S48
dmst@regsmdmbraat:l@or’calememtmompgnses demsrtlr@mrmnatldg/smtayamn at

ti d of wh
A MG e e
elrowoéd theteprsai d device substrate by printing is
carried out by the steps of:

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.

61



85.

86.

87.

88.

89.

90.

91.

contacting said transferable sem conductor el enent

with a transfer device having a contact surface,

wherei n contact between said contact surface and said
transferabl e sem conductor el enent binds said

WO 20980368300 e semi conductor el ement to said cBmSE 07079070
surface; noving said transfer device in a manner
resulting in fracture of said heterogeneous anchori ng

el ement, thereby transferring said transferable

sem conductor structure fromsaid substrate to said
transfer device, thereby form ng said contact surface
ha e df Liafih 8D RS sERMA P BElHatdrial dripRIRE SiN or PECVD
di sposed thereon; contacting said transferable
sefielestiguct or el ement di sposed on said contact surface
Wth a receiving surface of said device substrate; and

se_E%éati ng said contact surface of sajid conformable .
t r Esmethoded icleim 8Awvhesgia saiddayer of mplasiakismrewierelipcgntact with

| : Car ; _
e e T N T
orsaid lexeriofmeaterialitergnisates iand eantackhsaia sxlemil wipeHT §aid
r&{&%frs{e 'sgu are B0HEE e, eMeNt _On sai d recei ving

t
surtace o ard substrate. 95. A nethod of making a
devi ce, said nethod conprising the steps of: providing

gal oé @g[@p%"f 2Rl Pﬁ ?fﬂgl?%ﬂ %@tlﬂe{; ﬁt ?Héfér?fal éé}ﬁﬁ%’g@% dddt structure

rate o I ng sal )
t rthaséanebise sidmbicaiditansierablessemniconsiucior glemsnt toesaid external

Su&ﬁfak@%?sﬁ% th%é.thté. pg%m%%r?gp&id”é%‘th&%gﬂf clai m 95
wher el'n "sai d step o ranstferring said transferable
sem conductor el enent onto said device substrate by

print i [ [ : . LAt Gt S,
el S8 S8R AR S M T
s ataingrises afsingibbemisenduwtordaysror el ement onto sai d
devi ce substrate by printing is carried out by the
steps of: contacting said transferabl e sem conduct or
el Eremntthodtdf clain 72 wsfeesin deiditaastesable gemicooduciort element

f . _Wh [ t [
S rodsas AT ler o EREE AT R Bl B SRR IREE
transferabl e sem conductor elenent to said contact
rfage;: i.n ald transfer device,.in
Thé msifon STRiRP e e aBh o B¥he Rund oo FRARGRI
el sgminbnduche retddyerit camptises progidegi admultilevsf @rabdfdransferable
sem conduct or strycture from sai d subst ' .
g et e e N e R R
gawhé}@irgéﬁicﬂst@p@nsfo@rdaw $ai6 hetecoyyed dacms)anceioeagment comprises
i sposed therepn; contacti,n ai.d tra er e, .
e et Ghs BN o asB e i wobleR B hE KR 81 5318 ace
Wi frénsferbBleieriidtidatiol alements inakid rdeviager atdysdridadomtactsna
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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separating said contact surface of said conformable
transfer device and said transferabl e sem conduct or
el enent, wherein said transferabl e sem conduct or

elenment is transferred onto said receiving surface0
WP 2M8838ssenbl i ng sai d transferabl e sem contddPp07/079070
el ement on said receiving surface of said substrate.

A method of assembling a transferable semiconductor element, said method
comprising the steps of:

providing the transferable semiconductor element anchored to said substrate of
claim 79;

transferring said transferable semiconductor element onto a device substrate by

printing.

The method of claim 92 wherein said step of transferring said transferable
semiconductor element onto said device substrate by printing is carried out by

contact printing.

The method of claim 93 wherein said step of transferring said transferable
semiconductor element onto said device substrate by printing is carried out by
the steps of:

contacting said transferable semiconductor element with a transfer device having
a contact surface, wherein contact 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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95.

96.

97.

WO 2008/036837 PCT/US2007/079070

element is transferred onto said receiving surface, thereby assembling said
transferable semiconductor element on said receiving surface of said substrate.

A method of making a device, said method comprising the steps of:

providing the transferable semiconductor element anchored to said substrate of
claim 71;

transferring said transferable semiconductor element onto a device substrate by
printing.

The method of claim 95 wherein said step of transferring said transferable
semiconductor element onto said device substrate by printing is carried out by

contact printing.

The method of claim 96 wherein said step of transferring said transferable
semiconductor element onto said device substrate by printing is carried out by
the steps of:

contacting said transferable semiconductor element with a transfer device having
a contact surface, wherein contact 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.
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