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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application clains the benefit of U S. Provisional

OO P N o T R N D R G NNECTS

THE ANZENANDMEMBRANEE EORBSTRETGHABRESEEGTRANICS a
printed, all polymer transistor in 1994, a great deal
of interest has been directed at a potential new class

ol cct r onPEASSTHELERRNGER ?E&%@f??x@ﬁ%&iﬁﬁ‘ '
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[0001]30! thfseapbmbtloﬂ@falmagﬁe b@ﬁéﬂt dﬁ&@ Pﬁ’@@ssmxbyPatent Applications
resear ch di.rect ed

60/9441162@ rfllﬁﬂ ﬂgﬁ&]é&: %Q97u@n<'e’) ﬁ%ﬁ%@%&&'@ﬂ&%@@ﬁeﬁﬁsw%@

conductors, dielectrics and sem conductors el enents
for flexi bI e plastic electronic devices. Progress in

the field of fb@i\?%g ﬁgt@pﬁiﬁmt@w i is not

only driven by the devel opnent new sol uti on
processable materials but also by 15 new device
[ooozkonﬁmmﬁweg‘gstrmmoe@trat@mf ofa printedeall @elyammr teangigier in 1994, a

great cge(ﬂrf?)g rﬁpggg% Sﬁ%h %gngeigggfl a QBF%“%L'Q o @f[élg&romc systems

compr%ll@fiéﬂﬁl@qn@g‘ﬁét@%!eéﬁomé de¥eesiorhladid sitiates. [Gamier, F.,
materials, device configurations and fabrication

Hajlaokia ot gss@n, A. png\Brivestaye it i S¢iIeRes.e/0ln28 haogsalfidft v 1686]

Recerj A 0 Yo L0 £ ok e B ARE SIS RE b e
procedsaplgdmeteridis faridondetrnes, rd:ele@mosramlegemwondtzctsmerements for

rtant advantages provided by this techpolo
flexibles REAgHS Slectiola Apdsas,: Pragsessin INeyfiald of fladBiectlagionies however,

is not %g%‘rn‘v@h% la‘ Hg)%r’it%f bew 8316862 bRstdsahBleMaterials but also by
shapes pr ing ra large
new device component geometries, efficient device and device component processing
methods and high resolution patterning technigues applicable to flexible electronic
systems. It is expected that such materials, device configurations and fabrication
methods will play an essential role in the rapidly emerging new class of flexible

integrated electronic devices, systems and circuits.

[0003] Interest in the field of flexible electronics arises out of several important
advantages provided by this technology. For example, the inherent flexibility of these
substrate materials allows them to be integrated into many shapes providing for a large
number of useful device configurations not possible with brittle conventional silicon
based electronic devices. In addition, the combination of solution processable
component materials and flexible substrates enables fabrication by continuous, high
speed, printing techniques capable of generating electronic devices over large substrate

areas at low cost.

[0004] The design and fabrication of flexible electronic devices exhibiting good
electronic performance, however, present a number of significant challenges. First, the
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nunber of useful device configurations not p033|ble

with brittle conventional silicon based el ectron
WO 200§/030960 | n addition, the conbination of sol ﬁ?T@ﬁ2007/077759

well de%gﬁérﬁgrﬁgsr%g%gcgﬁ@gﬁﬁggbpggﬁtﬁda?%ﬁlccfg %@Eéﬁ’é‘b@sﬂtﬁ@c devices are

incompgtibtelwith rhosti flegibile ofatedales F‘cmmiahmleftr@,:htmnadthlgfgquahty inorganic
el ectroni c devi ces ver ge suﬁstr {e areas at .|l ow

|
SemiCQIKICION QRTIRAMERES (RSP BRd dleryie {POBOTrG IR AR
semnccﬁ‘lo‘?@ 8Nk @S“é‘a \Azérc?dgébgdtd o%ﬁﬁmﬁeﬁﬁﬁé Qﬂe?nperatures (> 1000

r nance; pres signi ficant :
degreetsrﬂellsmsg ézat sh”grnﬁd:antlyrm(cem the melting or decomposition temperatures of
0081030 CT/ US007/ 077759 wel |l devel o
most ol g DERA RS INGIHIEE, Fost TareBls SruEora e e Head Arnsically

solubl@fn%dd%ﬁi&?ﬁ%bh)eﬂté"tﬁa‘ﬂvd&ﬁ alid@rodutitr Based prode8sing and

exanple, traditional high quality inorganic
deliverye ﬁawnduamrmuglfom@mamerpheue lsiligonsonggnic ef sl ergapic-inorganic

cemicEHE8 o SRR R BORMB 6, ko SRR b con e

proces%@@%t %[dﬁ@ém@w@@m@emmsh #esel patdrialadd npt aaae eﬁactrbalc
meltin or econposn t1on tenper atures of nost

properties sepaktleof providiag inlesrategiiectionis gaxices §@ﬁﬁ9@rﬂi‘&998r9§ectr°mc

pooriyic8SFet 541 B8, b o P YO P sl g mce
of theséahhbtepiays exdabivfigld effddi onglilitiengpprorinpdtelystheed on:mns of magn[tude

less thab BEIRBRENIYITIGH GHSGIe SCHRPESHS SRVERS. Aatarsafiad these
Ilmltat@ﬁgI ffe%bl?%lé'c@ﬂn@c?&é@i@?s ﬁf’e b%s@h'tl Bl ay s?%ﬁi@rﬂip%ﬁ%ns not

eritals do no ave el ec ronic properties
requiriegpigh perddrrparmog, dualy asnisegn samrthEigeeiemmrc&fwaut:uematnx flat

panel diapiays il netiacIGr eamng Lt Enin JRdef coont o

made of these materials exhibit fleld effect

[0005]Irer bElaiklii€ &lcBRhRXEIFRAR) 1 dMBERveLaRRY &f rebeamath auslanber of fields
| ess than conpl enentary single crystalline silicon

includina §leibtredisplays, plectoragtiveisusirces @5 arbisannshanassvsh as electronic

textlles];%rg e%cgrogiggﬁ @ ‘Fh%ﬁg Bl nngﬁ s ggér‘? 8 gﬁﬁﬂﬁel t9 ém&‘%’?‘r& ddhform to

their sGGind@ifgs! BecallsSof 41 maﬁﬁlltjébeﬂ‘ﬁa%mdwnngmnMS to<stretch in
flat panel displays with non-emn ssive

resporisedRCosfRMatog QNaves. ﬁmv@p@wem%ﬁé‘feéwtﬁ%tCFewiscare prone to
damag? %,feg,’gfqnﬁcc{j%%%ﬁsﬂ@ﬁ %8 cl%rn% QhriigBRAldEY r[ﬁo?o@ﬁﬁ&lbr fdpeated

' éxXI' b pl ays, el ect act
conforsiatibachangé. Fdiibleasincuith w@.sressknetchablel aw bemdable interconnects
20t extil es and ?I ectronic skin. These, circuits often

that regadn (tiagh whiteocydlingitaiosisn Siretemng and: §'aqiPp-

surroundi ngs because of an inability of the conducting

[0006]C°”§8H80&t2ré ﬂxagta?@bsﬁab@ df%ﬁﬁ) Béﬁdhg giRNélasEky a8 generally

ccordingly, those flexiblée circuits are
made |py errmadm@megm pasticles iman eiaségma suchassiicopen These conductive

bl e under .ri ous d/or 0 r
rubbersiag goth miasnicen EFRHR e eahBFRRE? o bl RRis of o
conduBfedaBber M RIcCRIBASEStrical resistivity and significant resistance changes
under stretching, thereby resulting in overall poor interconnect performance and

reliability.

[0007] Gray et al. discuss constructing elastomeric electronics using microfabricated
tortuous wires encased in a silicone elastomer capable of linear strains up to 54% while
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25that remain intact while cycling through stretching
and rel axation. [0006] Conductors that are capabl e of
WORBRS3MSAdi ng and el asticity are general |y nad€THp2007/077759
ma1ntaefr‘1‘)ﬂ§dcg>n§gc$ﬁ@2énggé%étgw,itgew X Sa@bﬁé@g El[SSéJﬁEh(%? spring-shape.

In contrasthiarstesghiving wises mammoallredtatllmlstmlnsq&cglpﬂjwb) tarheous wires
dr awbacks, of a, conductive rubber |ncI

remaingde@nquctive gk sighficantly hmersat@ln& {€&cGrn 7r2e/g) sgﬁ%@ wire geometry
relies %@ gﬁ@;ﬁﬁlhg)éﬂﬂ?é & él%ﬁ éﬂbbé%pﬁgé{thre‘??ﬁ’éd‘f ét‘??tch@g That system

oor |1 n er connect erfo nce an
sufferd MARaficAsain the ability b sml:sdlabd)_,namd podgisaly @Iaiatetromedlfferent shapes

o L oS LB Bt e s

and beHdi %?0 Rst 0 54% whi |l e
200870 960PCT/ us2007/ 077759 mai nt ai ni ng conductivity.

In that study, the wires are fornmed as a heli cal _
[0008]s pr Siugieh apegestihaioiasticallytstreiehakig metal interoprnects pyperience an

noreabd Rt B SRRIO0 i el Aoa0! DuphaReer
attempit 8o ninindiZe A% reSierinca omahgeg@oma:tdsytlrrgednw firp drh;eyramtdal
ability of wwres to elongate by bending rather th

nanopatteme@irﬁuﬁ@ce% Jﬂwagwdanhoweygf,fr@k%s o mq 'é&"ieéf%atﬁi'i? tpr&enerate
microcffls 11 bR S ERbLR T FEAIpeLY RNRIRLRs ecitate mota
elasticldefotmatiprt theoabdl piaye twistinglaowd defetreatiort.oTHo$e mretaltcracks,

vovert encly et s el A i & bt
v RIFAPOSSI I SRGTIIEf 1, UBIPS s i o p rtr

depositedhonitae of patemesli elastoowerchange by depositing metal
f| | mon pyram dal nanopattened surfaces. That study,

L h lief..
tooosly? cP¥EraRien AarPRrlSs sSehBouh ity s RBRfetide bv
prestrdnhlﬂgﬁ(e gTh%%l%%Wﬁ?g@oétﬁﬁe ldiutiag @ofeListor @é @strhétal) application,
def ormati on by out of plane tw sting and defornation.

followerhipy sparieaEods ae.ilei of thenerastainaiherelt induRingtd wayingss o the metal
condut s8Rk B, A7 SAREHT A€ol PP RA00B) SO fanes ot ol
(2004)t Reckedar. (2000 Bovideanet3). (1908)hatacwue et al. (2003) report by initially
compressing gold stripes to generate spontaneously wrinkled gold stripes, electrical
continuity is maintained under strains of up to 22% (compared to fracture strains of gold
films on elastic substrates of a few per cent). That study, however, used comparatively
thin layers of metal films (e.g., about 105 nm) and is relatively limited in that the system
could potentially make electrical conductors that could be stretched by about 10%.

[0010] From the forgoing, it is apparent there is a need for interconnects and device
components having improved stretchability, electrical properties and related processes
for rapid and reliable manufacture of stretchable interconnects in a variety of different
configurations. Progress in the field of flexible electronics is expected to play a critical
role in @ number of important emerging and established technologies. The success of
these applications of flexible electronics technology depends strongly, however, on the
continued development of new materials, device configurations and commercially
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deposited on top of patterned el astoner. [0009] One
manner of inparting stretchability to netal

WO 2098/8306hnects is by prestraining (e.g., 15% BEHPSENY077759

feaS|bl§Ll‘$L?ﬁc§a%§ﬁtp§fﬁﬁng§ ?&Wé‘l‘?ﬁg ntﬁeg{;é-]t d eﬁc.‘tr%'n}c aF(HJIIfS% &Vices

spont aneots res
exh|b|tmgq1®weleotﬁumbnme@hmi¢:ahazs@ optlca!rmop@nt:e‘a uﬁZﬂemdjldEtfmmed and

bent cclzrg‘tgg'rg;t?gr?sg%;ytcu%lueglggtp%oﬁ%r&et Eﬁgp&@ € enS|bIe materials
and de(r%%oéanﬂg?%ﬁ% 4k, r@ede(:lje%@u?in% Bé@@lpéle%froﬁic ar(dzn%%hamcal

conpr essi n d stripes t
properties ir sttefckgeb ot aorivactbg ownformantngol d stripes,
el ectrical continuity is nmaintai ned under strains of
up to 22% (conpared to fracture strains of gold filns

on el astic subst That stud
however, used caﬁ@{'m'%’e‘?@%m*ﬁ%% of rretsalu 4

films (e g., about 105 nm and is relatively limted

[0011]i N Thabrddept Fnehtion poovidep etretuhiabld de\rwésaaledi devicea@mponents
conductors that could be stretched 10%
such ap@@mumctsmtqrﬁeamtgﬁph@bl&qle¢t50ru%asv'§ﬁ§ @rﬁi%cq'% tretchable,

f
vendaE S Qb EUE AT BB AHBRFRBARRAL el 8 foquied o
making elleatremcprsmmtablaa‘sr printimgpnd earibty ef catvied swifacktac iShape-

ot RIS s St B P o 50 s
electroﬁ|cel%bF|8§‘¥c9éom%rrﬁéB%o&S Igﬁc%l @h@br@rsﬁz‘él §érﬁéi‘irsr Nc@ord?n@y, an

of I nportant gi ng and establi sh
embodireehinafl thgiimeentithearsdtexids aoﬂ tlaﬁeiﬁblaa@pr:tr@@rcldﬁm%f device

compoRg sy 8d e E AR 1o ag SFsBEaRs BeffiafeUetices. Sucn

flexibilifpasd bah8abifgMs aeceRplisiasd B Ipqa@ﬁdmgdarpmf@monm@:tthr sevficonductor
008/ 030960PCT/ US200/7/ 077759 feasi bl e fabrication ‘

membrsaehawng & avavyei bupkias gepety. Susbrgesmelin:pravifassa gpns for

ensur i G 1 B AR B B BEAL R oA BRe ping

perforri@ide) lavehi .aiier virblis shd repeated Etrapehing rarldtmdaendlng cycles.
mechani cal ly extensible material s and deyv

Furthegpane, é“uﬁ? mateds Brayigee ganabilib ¢ Ft"‘ﬁﬁ@eﬁ'@f ORI GURELEIC

constn B TSRS SPEABEEI St B B RGN SEATHIFS o

device rarnelm“dewcre/emhponemmmydb&stadmm@t torthb lopedatinigeceendiiahs of the
devi c

system. Anot er agBect on the invention are stretchable components having a physical

property that is at least partially coupled to strain, so that the parameter is capable is

capable of being tuned by application of varying amount of strain to the component.

[0012]  An array of device componenis may be connected to one another by buckled
components or interconnects, to facilitate independent movement of device components
relative to one another. Local regions within the array, however, may have a different
bending or stretching requirement than other regions. The devices and methods
presented herein facilitate construction of a flexible system that can have localized
variation in buckled component or interconnect geometry including component or
interconnect dimension, periodicity, amplitude, orientation, and total number of
components or interconnects in an area, for example. Generating multiple components
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such as seni conductors and stretchable electronic
devices, and circuits. Stretchabl e, bendabl e and

WO 20080389611 e el ectronic devices and devi ce CCPWQ7§O77759
or mter@érﬁwécﬁQHbOiﬁa Jo?ﬁroi'l%‘i@‘ﬁr tﬁ‘o‘?ﬂ?ﬁﬂ’lf‘ét $ tidrih lQﬁo‘?’nﬁcﬁjfents or
inting on“a vari et rved sur aces ape-

mtercom:rmﬁts:tmthegde}.ew smemim condifiorst.y of applications
rangi ng fromflexible displays and el ectronic fabrics

100131 ,c 4 A RaPGnEtafs i idor e RIChADe PRt of 2 device
where thb%n%@@ﬂ @ohgﬁ%eblaenr@i 8Rd, ra@ BE6otEhE S5nd 8evh8l region
nponent s, rel ated methods for naki ng flexible

d:spos@nuewae@atbeélr%teand:%%corgmﬂq5Tm%repmp|one9t igrigipported by a

substra?&%ﬂ@f}ﬁg{? ir%’E ériq gﬁg%@%hg %ﬁﬂg@f fihe 8 %bﬂgg%ngdeg tohg substrate,

and at leasbal plsHitth efetheriehiral Bgidn Gﬁmmédmpmentlm#@a Ihseaheonflguratlon
for ensuring the systemis stretchable and bendabl e

In an agpadidiie eavel ERQIgN PhigcEMBORRAtiS NRh RcRNYSIGAS §oNREE with the
substra‘(é.gﬁ{ Qr’x’ét'h_ ?ﬁﬁ&ﬁeﬁb%rﬁfaﬁ ﬁé{iﬁh gygtt?é‘gérﬂ oREMds %der stram Inan
cycl es.

r nor € rovi e a capabi
aspect, ctﬁe rstrem pethermgnirat egidreisgeesdtarn ch%obemeemeﬂl%nndéif/o, 0.1%
0 physi cal lI:'\p teristics (e.g., stretchability,
andZ/%grn%w!? 18195t PeROTdevi ce and/ or devi ce conponent  may
be tailored to the operating conditions of the system
[0014] A”‘i’ﬁ %ﬁrerﬁ%@ﬁfen@fthb@%e'tél%l'é cempadhentesik klich is curved or arc-
nponent avin sical property that is at |east
shapedpdntalmsgeotdbﬁloawa basan amplitede i suoh ashan pamlidethat is

vetveet 3 F0b Tt 2081} ! 54 8oLtk nRBEb! G hlponent o

intercorMectboAY rédiofle vh&EnGABRe fedte Shamywd ssuhnaetHred, 1’00r wrdive, for
anot her by buckl ed conmponents or interconnects,

exampleadn this @asbect g eented Porionriaiis betwran e flfﬁwaﬂu%ﬁ@@d
compoﬁ&tae%'d\éq%taetu%rlﬁ sﬂB@fv ot mlrd)%?'{y er I ({?'E%gﬁ’g gdhrhﬁ&‘n regions, so

wever ave a

that a pﬁjremtycrﬁld’@rfcequrrvedrpzmm regions het inr syisioas cofitaet déthithes
and net hods present ed herel n facil | construcgti.on
substralf 822 KY@RebIIB S0 CerATTRUTAUGH Ui PERIGR AOQar Beoicly may be

constaﬁégzg nr@%yp 0&ry/ cﬂle*?gﬁé bﬁﬁr&l@ﬂ’ﬁﬁ@d’iﬂhl [@h trﬂéﬁh%%&ﬂ%nent or

Yy i'nclu Ing Co or 1 terconnec
intercordiecénﬁherconpm:man‘dutsehfmambf anylshape, suohaas amerahtane, wire, or

o ribof i BAEESTRly SRERERERL T s WOLEHE B B Beveg
thickne@%t?@%éb&ﬁ%@r%@%% @mi nt er connect s havi ng

controllable orientation facilitates tailoring
conponents or interconnects to the device's ogeratln

[0015] codeifectiate ammgntof adddianeddasise comonemnisibe 86vics a
comporarit$s W § BRIBANERIENG s Belfdaf§ connected may be a contact pad.

In an aspect, an additional device component is in electrical contact with the contact

pad.

[0016] The stretchable component optionally comprises one or more materials thatis
a metal, a semiconductor, an insulator, a piezoelectric, a ferroelectric, a

“magnetostrictive material, an electrostrictive material, a superconductor, a ferromagnetic

material, or a thermoelectric material.



10

15

20

25

30

where the conponent conprises a first end, a second
end, and a central region 5 disposed between the first
WO R§0308¢bnd ends. The conponent is supported B§T/YS2007077759

subst ' t '

1001713 o b B8 ol o APAnSBEQifpR Bt of o
device rse{)ddtemfromf theqgroap tooakistieg iod an aledtionic deyicacat lobmail migvice, an
a bent copfiguration., In an aspect, e central region

opto-elgeironig deyifse gnicahgevics ﬁtegrnaigﬁv'&et with the
substrate. In another aspect, the central region of
t he BReN [ ' i
[0018]st rAa?:ﬁ In't es%%gtﬁ}g%ﬁ?t%q Eﬂféﬁ?gg@ %%ﬁlgﬂ?lo /Qbebgmye%eswed
materidl defreadihgssn the devies ih @bichrthewpmpanenisgesorosatedt .In an

embo QR e HaR IR RO TERbs o S ShrE ARt YRR Foms. e
substra16 RS} be r&eersibly/ efonnablRe @r.ggl, PDMS) ostieiLréfersibly deformable

anplitude that “is between about 100 nmand 1 nm In an
(e.9., adpslin), In Ao embodment, the subskatecitagion elayer ongpating.

i nt erconnect bond regi ons may nunber nore than two,

su 0 . - :
00191318 f b8 sty e dieds By b B BBs Sibc aridon frei
physicamﬂxasnﬁﬂeﬂ@t}asg rﬁmrm@h;me,ok&omeddiere!ri afresadmpm?]elﬂsl andfow
a nunber of bent configuration regi o tha
intercoalp@q;tmcppgb@fof&@qrg@npg %us;t{,sgra gpttgg%%/g '@@?Igﬁg&iﬁ%ﬁiﬁipg electrical
conduo‘ﬁb?ﬁabﬁa'el AEA Contddt Wit e TR ééd'ﬁpaﬁgvtf OjSskairifg” in this case

such a contiguration, the anplitude and/or periodiTity
refers todgstharCa 20%s t1aHt oo 6% rdropviarglectvieal adnaluetivity @during strain

Ioag'.tudi nal | ength of the conponent or interconnect.
accommiREatdfmonent itsel f may be of any shape, such as a

menbrane, wire, or a ribbon. In an aspect where the

[0020] fgWﬁ%@fﬁerie%nl@odlihgb@ﬁ,fthetirh‘\%ﬁﬂdﬁb&ﬁvmﬁ davstchablei cosimsitent or
a

_ I's between about 300 nmand 1 nm [0015] To
interconngstifon establishing stactricsl canigict Withalevire, ceapedemisndmescomponent

o nerb 508 4 EEADRAEB0nA BB TG cRRB3hd bewen

the firsegme sécorahendsli Theralds ¢ry bordedtd entistrate,isuch as a flexible (e.g.,
el ectrical contact with the contact pad.

0016] Th
stretchablpe seibRirate, 2% fisieMere subeae) §_r@dﬁr§\db%té%[¢eoa é]uast%tsrteat is not
elastorfEiE - &l sudshate {OSWﬁICg?{ fré‘.: dcesﬂ*eﬁetg‘ rdr'?fhrﬂ ArckBhic @%\/ices, device

i hsul at’or, a pi ezoe a ferroelectric,
compodénBgoreiosys theréofe Fadheendbf thencarhpohendirriniercormect may be

.attache‘réﬁtog%iﬁjg’mﬁ?gse& eré@rﬂﬁ%ﬁ%ﬁ{tg@tﬁsfier f%ﬁ%%Sﬁéa %yr{ﬁteesru gtlréte. The

central %Q%rp%@%?ﬂﬁmgﬁr%%%ﬂect is in a bent configuration and not in
physical contact (e.g., not bonded) with the substrate. In an aspect, this bent
configuration is a result of the central portion being under strain. In this aspect, the bent
configuration is generally curved so that if a force is applied to one or more device
components (or underlying substrate) in a manner that separates the device
components, the component or interconnect curved portion may at least partially
straighten to accommodate relative motion between the device components, while
maintaining electrical contact between the device components. The components or
interconnects optionally electrically connect adjacent islands or contact pads in any one
of a number of geometries such as bridge, floral and/or by multiple components or
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[0017] I n anot her aspect, the stretchabl e conmponent

corrEri ses a conponent of a device selected fromthe
WO 2008{030%bnsi sting of an el ectronic device, anPopUSHRFO77759

eS8 S S BEFEB NS WS Sah 8 o contc

pad. that supports the conponent may be of any desired
S5mat eri al dependi ng on the device in which the

1002115 JREY &1 thet SRR ans ComRanants HBFIOS S T ptichliy further
i el |
compr%%y?gg%%&ﬁ%ér Eﬁ@ﬁoﬂéﬁt &ar lShé%fréh?& dé‘ﬁﬁ O{Tmr%bée component

-reversi bly deforma g.,
has at pgasé bhe eledtrorim propsotyi thehchanges salectivelt with the btraingofahe central

egion et ST b PBAE, E RARe  f  h 1

option&NEorRCoERoPé bE Blecirdh redisility ResoPkAYE feduBRER dbrallgtance, and
conponents and/or interconnects capable of undergoing

resistapce Ind@masgeaiphedunabliewsavice eampenemiongrisestthe sgmiconductor
Chann%%ﬁ%ﬁﬁ%ﬁﬁgt&( and el ectrical contact with the device

‘Maintaining” in this case refers to | ess
than a 20% 10%or 5% drop in electrical conductivity
[0022]dur imgn Sntadimentaherdaipoment ha§ @a2edin coefficiamt optical coupling,
enbodi nent, the invention provides a stret

hab .
where Jien GBI CTPPRGR A LSS TIe QRicRb PratA el Besngesselectively
with thlé‘ir’lt-?{ae"l‘ﬁ sithihibrdRy 'c%ﬁ}rlﬁf@%??ﬂﬁo%idey&m%&m@gmlon. Example

rconnect has end, a

of straineeffadierntapticahcalipingsrcdudes s nblirhited to, dhe refeaciive index of
ends. The ends are bonded,to,a spbstrate, such,as_a
the tunBpideyies pamponeal o ot Butaretd < ingRierLoBamhr .

electro etidtSdiafon rélbflve WP8 sUbBe ot BsitFatregioRasf thé strefchable
20€l astoneric, or a substrate to which it is desired

componenirinrancthercembadimend)thedsnablewdevicecepmpaaaniscoraprises a

waveg T SHR ohiGE ey B8 af BRufal S Bns CERRRERECiss, .

, conponent that is itself supported by the substrate.
[0023] Theincewittier ernbodintent othet dieetcioaiine eentpopient [ 2 turebhedevice
is in a bent confi %uratl on and not in phééc,l call Q\Zegt ac}1
compopenoT a deyice Hauew) thermal eandusiiyity that ehangegpelgsierly with the
' f LG j j : entr al
ove of i Ho G604 ot AR i ik oo™, Lo

configuration is generally curved so that if a force
[0024]i s [amicites arobodienent, thersiradetvahie compaemeatbissa {ermal isolation

el R AL b TR PP SSREAH i o
substrdt&! Yi¢ anRRPELOH! thRYembol PRsHt, RS ddrittdl )‘egﬁbg & 88t Athéfal contact

accommodat e rel ative notion between the device
with the subsiratet snd ke ceniz@ regiont UpPONg anecer Motadevisatcamponents,

bet ween the device.co nents, T ; r
thereby iR T STSISAPT §oatiscer Mot PEVES RMoris supported by
the ceritidl a8§ien Plons €Y 8GbstRAES A Bseéfllasiliation for this aspect is for a device
that is a long wavelength imaging system.

[0025] In another embodiment, the stretchable component is an actuator of a
mechanical device, wherein the central region is curved and has an amplitude that is
capable of modulation by compressing or elongating said stretchable component or by
applying an electric potential to said central region. A useful application in this
embodiment is a mechanical device that is selected from the group consisting of a
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of a nunber of geonetries such as bridge, floral
and/or by nmultiple conponents or WO

WO 2098830980 960PCT/ US2007/ 077759 i nt er connects. ¥QI/HR2007/077759

oo s ol e SRR et et 55 ok, AR i

deviceconponent s di scl osed herein optionally further
corrprl se a tunabl e deV| ce conponent of an eI ectronic
ce. The t nent 5has

[0026] 1 cATHAMEORIERaY iy -ARE Sialcned Sl erdioa s Blifdded hy
mcorpc%fnﬁ? %n?fof ﬁﬁl@sﬁ%ﬂ%ﬁé@ie é&'ﬁb&ﬁbrﬂ& AR dDered Htd8g '&:‘éwce array

or exanple, the electronic property
having @op!umimy bfcompooentsans mbre thart medm:j@e componeatse Haﬁhlé
uenc

embod e, GG oa VP EL PRI GRET Cal gy ceoetyeRs BB bevice
compoﬁsmscqyéb@ﬁ ehanaeleskéd atrbtohired, YedtlinglédlOREMmprewsion

di ment , e conponent has a strain coefficient
operatlogtowdntlomuma dryicaaway maehavmagesmairie saatigunation dat is in a

grid, ﬂ%s?ﬁ?tn{:lgg qr%&l c%gtbb@%nﬁcgﬁ H‘ﬁ%g&#@ég ggﬁ? ggaiioﬁ gljé&% iy 8lgfid, another

region Ef2\s BEdgS) Ihridient, feinéd stratehing randE’o@malbﬂltptosm'olas provided
coefficient optical coupling includes, but is no

by the abiiiyt lecansect adiacent e¥Ice 6OMPEBRNISHorMera HARKNS %vp%enfs
(e.g., ni@ﬂﬁlggﬁe&%nnag égﬂ‘éﬂ Ss o't?\?ééjed}cfs%uoéorﬁ?bﬂér‘ltge%r*é?(ﬁﬁ‘ipie a

ic radiation relative to a surface
device ebmigtmenéthat #d sqeareamr ref:tanlgeleﬂ't mely diecdndjacentripdoenother device

compogaRis 16630 ABRETLYE S SATTBLAY o dUtOBRcan he device
compo@ﬁ%ﬁ \gm' havid él B m&!rc@ﬁh ekfindidd frrefrgrA023] I n anot her

odi nent, he stretc Ie conmponent 1s a tunable
devi ce conponent of a devi ce having thernal
[0027] conldwart emibbginsérts acleaingearrayhas seiscdficomponanie thag|ase eriented in

ateas{ly B e EbF Bt 31 BB R Honens

may haiﬁertwcﬁméﬂtaum epé Pem@ddwém orttsogjorial WoLe Ginoth@nlto
a device, wherein the central region is not

prowdq)mamtaa foe sifetebinganttwosdirastionss in apether ﬁrrﬁwdémseb thgflevice
aray g} o SERGEEFpeblSeBF B A ¥R el t0 cEbAORE:. Tha
embodirHenonby bengsedul wingre stestiitiag oemenadentis confined to a single direction
(e.g., bending an electronic device fabric to a cylindrical surface). Additional bending
and/or stretching capacity is provided by orienting the components in three or more
directions, three directions or four directions, for example. In an embodiment, additional
control and stability is provided by having the components of the device array placed in
any number of different layers, such as two layers adjacent to one another.

'[0028] In an embodiment, a device array is capable of undergoing a strain of up to
about 150% without fracturing. Strain to fracture is maximized by tailoring the
interconnect geometry, orientation, amplitude, periodicity, number to the operating
conditions (e.g., uniaxial versus multiaxial stretching and/or bending).

[0029] The substrate to which the interconnect or device array is supported may

have at least a portion that is curved, such as in a concave, convex, hemispherical

shape, or combination thereof. In an embodiment, the device in which the components
8
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25 thereby providing thermal isolation of the one or

nore device conponents supported by the central %on
WO 300¥P3%P¢e substrate. A useful application for QW§20 N77759

is mcor%%%&ﬁ éé égé?ﬁ %rﬁ%ﬁr&t@@é‘%{eh%ﬁotéﬁgﬁg ﬁttsﬁlé% fight emitter,

photoveltauetsltwIseannerpdetspmyaaeammmtordﬂsm optided sy stam, large-
i ce, wherein the central |on is curved and has

area e'ﬁﬁt"%fﬁ'ﬁ$»| tranRRistoR 4 ﬂ%‘”@ﬂ"%@&a‘ﬂt tof nmodul ation by

conpressing or elongating said stretchabl e conponent

[0030] or |RYaremRdrd Starth@ E?ééédt tvtiBAtreRited E) \?ﬁlo@sq'ﬁéﬁbﬂls for tuning

egil on. A UsS [1cation in this enmbodinent is a
a properacnm stratchabte campbrentiaf asdé\des.e for examplee aguning method may

comprig? Biodingth dridh ol ® SiEReoe SOTIRRET b dedBRaR hegpin. sueh

as a coﬂ%rfe?tt haRhgea flist eAl| disdtendendcand BHEAERI region disposed
nbodi nent, nulti-axial stretching and bending is

behueeptrtbeufmetoansi/semrQnﬂSatandghaht,% syppored @wraewbﬁettate In particular,
the ﬁrsﬁ%ﬁ)%ag ;&te%?rq(# %ﬁ%ﬂ ol ?tqe E@E@Sgﬁéﬁ% & anrﬂ:ee‘rgot‘régth? s'EJB¥ rgte and at least

a porticeyf e ceptRbreitrs of the ¢drpomevitdisabent @:ﬂrtflgucatlmmnmts under a
rovi des el ectrical contact between a pair of devi ceby

level ofcsd m@naheéevqb@ééﬁalmg reedylptedyedhe sire &FPRgonent
compre%eVI rﬁé%ﬁra ave agg étﬁnéﬁlg rtén‘?”tﬁere% uning the

ayrmay eone ric configuration t

property@flt}ne atrgtchdblefd:ompd)nerﬁrofdﬂgedemceny conbi nati on
t hereof (e.g., onereglonthat is in agrid, another
10r,egi on that, is br addi tion, f.urther ,
[0031] 5 B3R5k e DEREID BIATF Sore ! A8 opliERiRigaepy, aglectrical
propert? bahd "a%nééh@rﬁé‘él%ﬁb @ﬁy %Q@:ﬁtaéjéw bﬁﬁcﬁ@”ﬁ@tﬁ@hﬁzaﬂ? orslectrically ~
han one conponents (e.g., multiple i'nterconnec
coupled atralrm,aramtelt, mwhese the nfagmitude o dre respeciive p@t@ﬁ)’l i at jpast

partnal[)ég rglge epoe?@%pg !nf@{?\ﬁﬂ}éréﬁ@%@g tﬁ%%%‘#iﬁi lgr%%"%c?éed frﬁﬁ'}’th% group

conastﬁ*@ FIeBONAN fréGuUETTY) erécﬁ@ntmobm redistanos nssHductdrive, refractive
devi ce 15conponent w || have elm%3 i Nt er connect s

index, tagraabeonsuckivibs fanerhe ange pf incidensard @nnridentbervidle
electrori?r gﬂ¥tl$f"§d:§§c§rfrecl’§t|\feo Q@r%ée Bpﬁfe é’érﬁra‘? n_rg%n %‘F'séfa :-‘Fltetghable

er ent t1ons
compog@ntf i guration the conponents nay have two- or|entat|ons
that are perpendicul ar or orthogonal to one another to

[0032] an %’@5‘5 rﬁﬁ%@%}' : n{;r?)(/' r|§%{}%‘gﬂ%& of m\NEmg a gt?ét'cﬁgéle component
of a device. In this embodiment, an elastomeric substrate having a receiving surface is
provided having a first level of strain, where the strain is optionally zero, compressive, or
elongating. One or more device components are bonded to the receiving surface
having the first level of strain. A force is applied to the elastomeric substrate so as
generate a change in the level of strain from the first to a second different level of strain.
The magnitude of this change, or how the change is accomplished does not particularly
matter so long as the change in the level of strain in the substrate from the first level to
the second level causes the component to bend, thereby generating the one or more
stretchable components each having a first end and second end that are bonded to the
substrate and a central region provided in a bent configuration.
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20 array may conprise conponents that are all ali gned

Wi th respect to each other. That enbodi nent ¥
WO 3a8/03996Qher e stretching or bending i s confingf @52@7’077759

0033, 8 5 o T ¥ SRS 3 mears.

In an @nbbmmmt rtabmmmg:ﬁppcnomprisesrgemmmtg byatterreot bmrg:led and non-
onents In or nore directions

bondea.regieﬂs&ﬂgh%$tr¢tsnabla. GOBRRANSITS, wherein {ighpprde Cf'f?géqﬂs of the
stretch%%@%ﬁ?ﬂ@enﬁ%g Bdriyfd!to4RE %ﬁét&heﬁ&%uﬁ%@?tgl drid/whérein the non-

ing the conponents o evice array
bondeolregleds iof saxﬂystr&iolhmrle cbrgionieet are notlyended touibe eé@tomerlc
| ayers adj acent to one another. [0028]1n an
substralehodi ment, a device array is capable of undergoing a
strain of up to about 150% wi t hout fracturing. Strain

[0034)t O f é&%tlﬂléﬁaéﬁed’ﬂiﬁféﬁ%éﬁée@)’egﬁl@hé @btr@@péﬁtﬁto central regions of the
i nt er connect 'geometry, orientation,

stretchabie eempppgntsnwhBeain mfe siep QanmYing @%&a@ﬁm thepplgstomeric

substr%tgrf%u;sfﬁ nlj'n? é@%?wﬁg%ﬁg?ge;p@qﬁl tw% ﬁtegﬁf QEOP[I?JW &KHthe central

region iofe@Eh @fretsHably coppbaentasMaY in physicalwoheatt with the\etibstrate. In an
| east a portion that is curved, such as in a concave,

aspecte hievsiep dlappiing thestorea inihe elgptomarts sHistate FRgsesogentral

eondl RIS, o M5 11 Elnsema et sibtoeie

compooentrisrmotah physitaledartadtiveith Heosudsbttatet or, di spl ay,
light emtter, photovoltaic, sheet scanner, LED

B e w—
furtherdontpdtides dMi?Rlind'a paaeheor Béiﬁ’éﬁﬁ%]ﬁltbé ®nRkheskRtchable component

invention relatés to various ne for tunlng 5
the reqeiving susfacs ohithet elasmmﬂcesuha’imﬁ @npndxottatmagsﬁret@halpi@rcomponent

and th SRR e ot e Bl sfIBiER: "ae df scrosed

herein, such as a conponent having a first end; a

[0036]Secmcﬁﬁér embedm@®NbnRbf ﬂ@n@mwmﬂb@hmw ehstomeric
irst and second ends, and that is supported

substr@tebrgltn aplurality g fomplignkregione and aspluelily ahdoid ééslﬁaseﬁ&wh a
substr?(é adsrp\?l %Q g@ggﬁ‘?'lgﬁﬁ d??ﬁ(-g @ge ;H?g{“r%p%f%zﬁﬁégk%ﬁéﬂ%r?%at of the

rigid regdimm aadtoptiosaly hews tl’cemrfst gndaeicond andsiof eaoiuief thee stretchable
of str altge The of strain i

compopRBlhaetHpAtde e RnoH I HRIPBE anilg R P gt each of
the str?tEHéBI'é &ﬁﬂ%ﬂ%té B‘énaé‘? % %h%%'s?oﬁ@'@?ﬂﬁ@@émphmrr@?bbns Use of this

property o e stretchabl e conponen
substratbdymawmedeq tbfeada]pam:tamf ashieving c:drrérqﬂebteebmqklmg obitfee opmponent

based Jidha FRUEHu camblaiyenhe oV Eg SiebR carly.

mechanically, or electrically -
[0037] In an embodiment, the force applied to the elastomeric substrate is achieved

mechanically. In an aspect of this embodiment, the first level of strain, the second level
of strain or both are generated by elongating or compressing the elastomeric substrate,

curing the elastomeric substrate, or by thermal means, such as by raising or lowering
the temperature of said elastomeric substrate, or by thermal expansion or thermally

induced contraction of the elastomeric substrate.
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coupl ed strain paraneter, where the nagnitude of the

resFectlve property is at | east partially
WO 2008/8306¢ependent . I n another aspect, the propeFl§20g077759

[ooss]f’f'e@‘: (ffinbf GpbAfd %#8@%1%}18 he SFRUAAGR device

ncy, TESI ance, con ance

compoheﬁfsﬂ@tsar@ reduidng suﬁawblf saﬂ@aﬁbm&rtc;substrﬁté Isecamried eut before
i nci dence of an incident beam Of(ehlgel ectronagne

the stepéé.amlmg dpeas tpdhe glastamerigsebsira a&%@@f&@%&ﬁ%ﬂge in the
|
level ogét(r)%llﬁ é’i éﬁ% %ﬁ%&@?ﬂ‘o éﬁg@@ﬂ%ﬁ Hvel E&Q%%l:b@?] ?%fleqf Bpgﬁélﬁ'%ﬁftferent than

Ing a stret e conponent
said firef leacld cAltaraatively t thesteprbbbomaing i IS earrieldasut after ithe step of applying

oot e Sl AL i B G5 s of e
substré’c@tﬂd?g Fhd ¥irst REVRI 16 AREERS IR oP5trdin difiEreatHaMCthe @RSt 18vel.

nore devi ce conponents are bonded to the receiving
surface having the first level of strain. Aforce is
[0039]applni ardembotinecnt, apy ofrthra tirst layel obsteais @r secgechégvgl ef strain is

cauel 5 ot 5 A B o6 DA Rk i yroomnect o an

electrotiBl s change, or how the change is acconplished does
not partlcul arly matter so long as the change in the

vel of strain in the substrate fromthe first te
[00401t o IBEnaikersembadinenieihedavaRiion ielates \p yAERYS mﬂaﬁﬁj or making a
buc:kle&C gﬁpﬁ@?@%%?ﬁ%&ﬁ%&&%@%@&& é'&égll @g?bf‘é&%#&g? gﬂrétachwzth device

nt's each havin I'T St secon
compoaertsbdndedaspedct rmpatﬂ@rﬁmfa:tcmmmsasmphealto ae@aﬁomerlc substrate

e e SR AL o, Wi oo s o
substréi@‘ﬁn@eché‘l%’d‘tﬁ'@rﬁs bPlrﬁé}%oﬁHééttsrc%hPadtéd QithaR¥ stkirael eThe

I'n an enbodi nent, bondi ng step conprises
patterngm‘rtmmt $iteg mopultesdmmdo‘fg bemm spacifoeornponits o8 giterponnect
Str

locatiofe g ad 5pBt e Tt AT o0 B HP o YRR eLot e force),
buckle€ b@ﬁiwﬁ@hté?orslhhﬁbéﬁﬁ@c@%ﬁe yeReeitad t Manfing ont draneretof the

regi ons of said stretchabl e conponent "are not bonded
magnitude oh eregteain. dmand sitspalierning geporin] and sPRING 0CASTRIeS |

compoﬁ%ﬂts qcmgfeg%éﬁﬁég?%@gg %?;HPB%%I?% %ﬁWaﬁglgseroﬂ%tgP SE& example,

staggeﬂﬁ@ kbye [Rcatioe off bbpd sites isbehet @dataoemmdmmﬁmtts at inte@onnscts are
central ?I ons to

bend such _ that at |east
bondecbm F hecribsiraiona a@‘ﬁrergﬂoqailqnégpmmﬁs %&utsqfrrila@ﬁamt%rconnecf

V. I
geomegrgggﬁﬁg:‘;‘ée it ;ﬁ%ﬁ]é;rhtdg;%@ éﬁf@eeagu ot g)ﬁw ’ﬁg@? ahhguch as by
applicationd at curbbie phatepoiyerar o ﬁmﬁaelas&:tmemsatﬂraie rsurfabe

Compagieiis o IeIGPBRETs 8 cRbeE? B Rkaned DuTRsABRvIaNEs gb easha
portionRPYRE EBnpoRRhEsE intelcBnhd& is ‘é*ﬁsérk%tp%ulatmg material, such as an
elastomeric material. The buckled components or interconnects may have any pattern
suited for the application. In an embodiment, the pattern is a grid configuration, floral

configuration, bridge configuration, or any combination thereof.

[0041] The methods and devices may have components of any dimensions, such as
a thickness ranging from tens of nanometers to about a millimeter, or a thickness
greater than about 300 nm. In an aspect, the buckled component has an amplitude
corresponding to a maximum vertical displacement of the interconnect from the
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[0035] I n an enbodi nent, any of the nethods for making

a stretchable corrponent 15 further conprises
WO ZU8@3%6 ng a pattern of bonding sites on t hePCT/US2007/077759

suvs e, SO BP oA ROR st A28 O] 190 e

mm. Rmraommp@n@mdnttblw hiaadred allmtalarfdaa?wmﬁ theewieltmsthe raemplitude, or
substrate. [0036]|n another enbodi ny. of the
the wida @ngaamplitu @\ﬂp@egah%wea%alen%% .lﬁmﬂa °§ﬁl%'ﬂF%l’F€”thh One

factor t;ﬁiag :aﬁé@ljs drfpiftlid uchIHé §% ISR e?asgééﬁs'\éﬁ{: 'shlést‘? te prior to

| ONS. trate pr ovi exur a
componept Homtylngforlalfter ﬁmrpd)mponemtetmmm;g 1 hagemeral élsa hidieen the strain,

the larggr b Bpeitiut o e srbaimien the EBplied Tk aBnatates & strin in the
eIastorﬁ@ﬂP@USéﬁéteb%@?&ntt@e §$ra|n§ﬁéct?6 Froph atr%ﬁ & it ids bREVERS 20%

a central region o t estre chabl e
and 1086kponents bonded to at |east one of the conpliant
regions. Use of this substrate type provides the

o1 KRR o HRBPLAL b FsPUa8lA R 8yl copgeces o

a devicteerhbyhéret. BT thiessysidiNg ahd rpr@cesyéeqﬁeﬁmted Hehein optionally
force applied to the elastoneric substrate is achi eved

prowder&rraawtzeérat@ thatis gapaklp«dstretching ¥PdasbarhaRe%, cRmPressing up
to abo% ?Eq?}'o J)reﬁfgﬁdlﬂé v@felgr dﬁ‘t@bm% B cSRARNE dOUH adb nith' %t[’lﬁgtr component

are genera gngating or conpreéssih

fracturel Hﬁbmmpmmmmwtea‘rommnyr@mabbe Ma@iat,nalohcas a metal, a
substrate, or by ther such \é’ rai

SemicaaMEIIr S BAAS TS PO TSR EF BIE2DaSEiA ferodiedtic, a
magne%éégﬁét Rl Ratetal Bh éfé%fr?@rcﬁﬁé’ﬁﬁﬁéﬁé’l Qrsub'éﬁ%ﬁﬂdcibr a ferromagnetic

uce contraction e el astoméric s
materi@lDa8d @IheGOGSELIHBIDAE Y. 7 #Ean goUsRlimenytoe heathods prowde for

car e e 0G5BS SR, el AL 455 o
stamp,8b3SHONBE GbSteratdiRheGd, forcaddmSie, 8WurRef @6 Acé BabSHAB.

'of applying a force to the el astoneric substrate that

generates a change in the |evel of strain of the
[0043]subl@steadeoffgamram pop-41p orehuaklacbcemperents viiasre of strain

oopica Ra G Bl BB, SR oA Blanog migeornect may e

made &f é@phdah@nftﬁ@lﬁb@ﬁp@mﬁtyna@nal fooa eecdiving @errabesmmﬂas & receiving
substrate that generates a change in the |evel of

surfaceshayng relfefifaatusgdh Suchias 3 MaVYSHEFACer st 1 evel to a
second | evel of strain different than the first |evel.

[0044][0%%8 Bdﬁﬁ@@td Sk eof&}‘et%ﬁaslﬁearfd Béﬁdéhﬁé%rﬁpfonenta

rain or secon strarnis
substra‘te veith wape &aturesyornd smhfeceeevsmoﬂmq:;@nlehm smrmoahma polymer
o parti%ﬁy !ﬁmheé Fe%régg ttaat%{'es The partial filling generates a smoothly-wavy
substrate. Components, including but not limited to metal features, are then deposited
and patterned as desired onto the smoothly-wavy substrate. The components on the
receiving surface substrate are available for subsequent casting of a polymeric stamp
against the substrate at least partially coated with the component. The component is
transferred to the polymeric susbstrate by removing the polymeric stamp from the
substrate to make a stretchable and bendable component. In an embodiment, the
interface between the component and substrate is Au/Su-8 epoxy photoresist. The

component may be a layered metal, for example, Au/Al. The substrate may be similarly
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10el ectrode. [0040] 1 n anot her enbodi nent, the
i nvention relates to various nethods for nmakin

WO BBRPE conponent or i nterconnect capabl e ofPC%UgZOWOW’”

Iayerecg,g‘%g%éerﬁpgeﬁggﬁsgqé &p%?ﬁﬁ%‘ﬁk %—%ha?@ﬁé'vﬁtﬁ the aciual interface

( attern o tes 1s
betweerpihle regta andﬂhels&bstnalerbemg wWasBud e surface, t he
corrponents or interconnects, or to both. A force is
to strai

O S e S e M R o
mtercoHﬁéétePH PétaRnslirtadeerliBs on MiReniy dichBpSReRate surface,

specific conmponents or iInterconnect |ocations and the
contacsm@soﬁ@peenwptortheélaﬁﬁaed sorface; ard slmsingdhe sybgtrate surface to

o oYY B e e RO i, B SV PE S fnr grovies

spatial D2GefEaE of bEAd elted pRiBF trtdntabbed disdiesathhéimi rothis
eonetry and spaci ng generates 20 conponents or

embodimeet é?&ﬁlﬁ‘@éfﬂ%d 5 partignlariy suiied mrdkar@ierémgwawc@’mﬁ?éi pyd device
compoF%ﬁt[seté acen dsé& dnrclli%sgt 86k %%bf?ﬁteoé riqad ﬁ'é %sﬁ?:t

conp nen or |nterconne S are

bondmgcmeéws fswbatasaé@@iveiorf hdhasive bmm:rsorrganepatesuhmmhrtmbetween
hase" int erconnect%%eorretr

the seqead L aied §ubstrafp ang/InfRIGARN G biEe gﬁt Cupsuistrate,
sufﬁme@ft’ gc?p&lrfﬁ fhhSfr of irf &B'hﬂg{; Mg@&é’ EBEonPslibstrate, even after

oneric substra e sur mponents or

the elastoneenmsiaeyt is removedt i onal |y protected by
encapsul at i ng at least a portion of the conponent or

onasr 85 SERCh o SENEHL B LR BT e et s

stamp bﬁé@st‘cﬁﬁ@ﬁ@%#ﬁrbﬁ?@tehﬁé’ﬁs FPMBA AN adinebednd @ladtikeesponse for
application. In an enbodi nent, the Pattern is agrid

strains dhoalf arguiraio @qutfA08k aThedniergennadisar therpregent invention are

optondi B £k RSP B0 AR P L e or

photodétdBersa]eas , Irsais BrisodimEht, the ¢nentien ds a@trﬁetchatﬂe etectrbmc device
nanoneters to about a mllineter, or ap%ﬂ_‘ckn

with aryreng eF MoRantelsennegisonade byihe metbpds eeras6BkInugntion,
wnere (TBREE g By BT R e pERE e LD,
solar c@l)AtRADOS RS/ AISRR0 BIGSENEOR chebstalaemsonmphoidaiode array, or

SemicaRRDEIRY BT N 20} S0Lbr B HBYICE SOHBATRIN AL/ PIPEAGTlY connected
to the BAIKIEH Wt@PCB né&%‘ﬁ'tﬁy‘ﬂln{ '%%n@BP'derHﬁ%IenQéntt BSntN)ICE!@ment

and anp |tueopt|on l'y'varies along the Iength of
mscroptdtmsrsot dramsdoeerts, oOnembiationstthencohf frean aspepl, integennects are

sccess ) B SRR A8 K336 8 HRRbh BRI component

bondi ng. In general, the higher the strain, the |arger

[0047]t henadbmbbE Rrnent) t@lﬂ@éﬁ@&h Felates tbiisetapabized dtaicheres having a
generates a strain in the el astoneric substrate,

wavy nahemsimbrane, UG B aseawe sMicanghrtor NaRgEarianes Such a wavy
nanomBRiBRE e RRinpHPEr gt A B B8, AR BompblPnt e (n
contrast to flexibility of the interconnects that connect device components). In an aspect,
the invention is a method of making a biaxially stretchable semiconductor membrane
transferring a semiconductor nanomembrane material from a first subsirate to a second
deformed substrate, wherein after transfer the deformed substrate is permitted to relax
back to its resting configuration. In an aspect, the thickness of the semiconductor
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10 a device conponent. Any of the systens and

gmocesses presented herein optionally provide for
WO 008/0309¢k e that is capable of stretching up &F‘JAH%%?PWW

materia}'lg%?{%téﬁé(ﬁﬁj 'MM%I‘H’?@@HH’E g@f@ase of et% &iﬁnéﬂs‘iéhaﬁ‘deformlng

curvature as out conponent

force génerzttes e. naﬁbmem!nmedtavmgsartwdajufrmmmaywauy strtbtture. Inan
I ch t al t I
aspectdggséekgrr@pgl%gweﬁg glagpgt?q;gd by cg]sa@ge mwc @]@ttc p}%rer%t'upé: of H\e ffexible
substrét?”oel ectric, a 15magnetostrictive material, an
ectrostrictive material, a superconductor, a
ferromagnetic material, and a thernoel ectric material.
[0048] | n larancerbbadinent, a rhethodtis proyigediar deaking atsteatehate and

nenciotlbigB A%t BUSHAE 8 BARREhRuDE LR S 08T fin ree
featureQSSmtn@fhu@q HEtelief fodburesas) shivicoatifg gioianer to at least partially
ead of generating pop _UR/ or buckl ed

conformattm@mtrthe rec%tvrngr%@fa@e, 689 mgna PO iG stamprgaigstine spin-
conted Sy BEH B o PHEINE PR bl oL e spa i bise 5

polymenietstampl hdvingrelief faatimes; aud fd@qnesmsgcd‘rdaﬂceacouemenenhmto the
surface hayi n% reli ef features, such

polymesigrstarme. su[rta@@ aving:felieh e sHin erely .8 Slretshaki,pad
bendalﬂ@@oﬁg%‘f’l | forRERA Letgh Suﬁﬁo%&wd’ébﬁé‘d%&é fieahWspact, the

ace i'S snoo as spin-coating a

relief fqatlnesemre Xdvy. partial ly fill the recess features. The
partial filling generates a snoothly-wavy substrate.

ooss1 o R cR B HeBind okt AT B doa et
depos;té@tl&y &leetrs gD SHion vay: ;ﬁ@b@tr@h Shadb®nEBkpecsatingthe

he ‘recei ving surface substrate are avail able for
shadovwaslequtbrthemw swyfase; ang eivaperatingsneatah thigagh dhe shadowmask to

genera %ﬁ%tghgéﬁoﬁ@ﬂg %%it'%rg ﬁLh{e@%! é’réﬁ%a\{ygﬁé gfértf%eéd hfhe tsHbstrate having

wavy fémhtsé@ié ioptis HaRStadet yoaniEEHOY| C@Chlhﬁ ob Si {1e10) orslyaambossing
fromthe substrate to nake a stretchabl e and benda

Su-8. Therp@vymurtaca optoBalbobasawavalargth havinga anes ﬁ%’@ﬁp% fzom
betweetCAPRREDY rﬁﬁf af;a“éjﬁgt iBHE Ha%:rfg“é ?égrhe% ?&8;%%%%%% 400 nm —

he” conpone ala or exa

1 mm; Aod A8 capdisie of bbtchirg upyo bGO% withaut fraciife. Opt:onaliy the
2008/ 030960PCT/ US2007/ O7E?§E_ er ed

CoMPOReRis tﬂ@?@r”%% {972 Aeving su | %{}/@#5% iR S edmapnent
compnié’% @ﬁ xgtéfﬁo%%‘f%'ﬁdtthé r&thak f@ﬂﬁelt ﬁﬂgﬁHQ@é bﬁivﬁjlﬁﬁ aRGdditional

ternative net I'THIn
device pompmenbamb eetab) lslsmgtaraeleatrmpcapiachb@we@nm end) of the

facg.relies on flattenl ng a curved substrate
lntercogpﬁ.&p ﬁ"@ ﬁ &t 5 the flattened
surface, and aI | owi ng the substrate surface to

[0050] In another aspect, the present invention provides methods of making a device
via materials level heterogeneous integration and/or device level heterogeneous
integration techniques. A method of the present invention for making a device
comprises the steps of: (i) providing a substrate pre-patterned with one or more device
components supported by a receiving surface of the substrate; and (i) assembling a
plurality of printable semiconductor elements on the substrate by contact printing the
printable semiconductor elements onto the receiving surface of the substrate or one or
more structures provided thereon, wherein at least a portion of the printable
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rel ax back to its curved geonetry. In an enbodi nent,
the nmet hod further provides spatial patternin

f bond
WO 2008/8309% i or to contact, as disclosed herein. (&{8%3{9[)'85]77759
semico?ﬁﬁegﬂ{'é‘?é}henfs% ﬂ%eb%&ﬂrthéfﬂﬁle dr¥ g @Hbélﬁﬁalfg%red in electrical
CPaRST 1T 'RG i NEErconnects “an dev ce ¢

contacseclonttl with oes ponwre®f the device lmbm;rcmteatmmpbpmrted bwtmwsubstrate
ect, 10 bondi ngesrreans such & adhe3|c¥le or adhesi yve

In an efjtiadinenh tapRERED S@anﬁaci% QS Rk 7 Bt ary
:norgarﬁb’ Rk @drii Rt %tﬁhtcfd e al rTr]?qtﬁ @eféb%&ﬁ'ofglf thelrafgé Weabout 100

ubstrate, sufficient to tran
nanometetrsrt«r aboettom/mi@ms,oa widthsetenied fobs theatamgeaf@pout 100

nanomBigisS i pheuE SR TRON S R e REn RSt REteP A NS ngR of about 10

nanoméﬂar@ffcli’ﬁ%ut’(@G’O|51fnér5n§t anp or elastomeric substrate
hat is PDVS having a linear and el astic response for

stral ns that are up to about 40% The interconnects, of
[0051] t hdn@Enethenasnesbibe eresand inentionareyidgametgeds, of making

multlle\?ﬁ! c%&&%a&hfctg gﬁ}é{ Pr%‘?%neﬁ &ef Iﬂ%?érﬁg?ﬁé&svﬁ n@gﬁbﬁ( abE}Br device

or array

level héterodamneousiiniegration etheigobsb lemetium obmeq)rdsamtaﬂvemttdm for
any one or npre jnterconn de by the nethod

making #8epice SOMmPTISeshEisRS O (b RE NG @ RSO RIS PaBemed with one
or mork 8RS RIS Gln RISy bioophAE 30 OnpaSYBra 1)

assemblingsafissirset ohprintable sanmnduphotaininemts aar theygubstrate by contact

printingi&rgr;%ﬁggkp %:qqr%igééc?%qtg glle S?)ﬁf%m@érgggﬂler{gogqrﬁce of the substrate
or one Br’ Ridr8 StriuBtRES grﬁ\ﬁtﬁéd trier@oh thBrddy generafie® b first déWcté layer; (i)

ement, contr ment , m Croprocessor, transd ucers,
providing aodnterlagei oméhe first sef of pnntahlemucondu(ﬁ%el@mﬁré%ttbe interlayer

naving 3 Bcf R B SEE AP s%A SREhERhG % AR RRpRBHRY fePlooncucir
e|emerﬁ§r*eﬁdhmbr|ayétﬂoy EorftaEd Shting tﬁbq:ﬁlrﬁable’%bhﬂd@ncnmbr elements onto

structures aV|ng a wavy nanonenbrane such as a wavy
the recewvifigcanrtrce o thadnieneyer erene suawre swmdrﬁ%ﬁmwﬂﬁsi theéeon

thereby gﬁfb’%ﬂﬁiﬁé%i édé&lﬁg cfe%@et Igﬁ?r i} 5 gﬁqﬂéf)l(rﬁ%}f I Ie%s?i SV%o‘f'ﬁon of the

prmtable’%@ﬁk:@ﬁd@@tbs eldnaénte om teecfirstidevice lawme@phsally Aligreed, in
the invention is, a fi'lhOd of ma

electrich] parriabt 9r aethoxAHRES SR RORRURS PTIRGHRIP SREICoTuctor elements
f

n e ALY, R B PTE S RE A TARRREen Uil puencon

further vompeises dfi¢ eteptmfaaf:ﬂém rshidgael_éefmnahemmublsemmea atdeast a portion of

ine priftablarpersianducion SemATER inde it fdce et and At digortion of

the prirﬁ%ﬂ%ﬁﬂ%@@%@ tO 1Y thedsdtrRl deilicd @ gg,atvveen about

ease of a two-di nensi onal
deforming force generat es a nanonenbr ane havi ng
[0052] t wdJssfuecnritaetaprintingynethodstfar assambling, @s@wzlngtaméﬂor integrating
forc

printab empgpﬂp%to&eiae[nﬁ%ntgHléﬁ{eg%n%%gﬁﬁgfqih@&g ﬁ]l%h}(]% 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 present
invention because it allows assembly and integration of a plurality of printable
semiconductor in selected orientations and positions relative to each other. Contact
printing in the present invention also enables effective transfer, assembly and
integration of diverse classes of materials and structures, including semiconductors
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5 [0048]1In an enbodi ment, a nmethod is provided for
naqugpa stret chabl e and bendabl e devi ce conpris

n
WO 030385y a substrate having a receiving sur %F-E’ESWI%?’WT’SS'

(0 GBRFI S G5eiRSEION BRglAIFg SoElnbeeipt ol
semrcondm:t:tmﬁpctdrtaon oahohtaternials eito!), ntielectricacand casductgrsaContact
coat

printing Bigiodsof B HBRoRIRY SN SR GREHPrRGdS IR piaciqThegistered
transfe‘?’é@ﬁ?%s@ntb% BPbgﬁtgbleCse?rﬁ%BﬁdG&&r B%rﬁé‘rttb‘t‘ﬁ pf'e%%tét{téé positions and

eposi t1 ng evi ce conmponent onto the polynmeric
spatralsjrmtatmsfremwbamong arehonefdevice coreppnenisrurbpatieiedrea device |

o SRR Sl SRS S SRS AR voes
rncludrrﬁ@bbﬁ\frertt%tapﬁﬁﬁ il @n\ﬁﬁt’i@{d s[r@%é’ﬂebﬁsu%ﬁ a%fﬁléﬁeé?%brarhhg and

nmponent conpri ses netal, and the netal is
metalsdemgubetaatby hevingt pmmabencirroacttﬂmw prepelies |aitge%tlve for specific

sppicaHBPH ATl (B RL eHAR IR B MR ot

conforin@b@es diskictePand@or eFprhdblosyiiiatsd) Contaet phintimg bssembly of
wavy surface. The substrate havi ng wavy features IS

prmtabtﬁaser@mnﬁyct%ﬁguwreﬁ r%@ﬂma@tlbieefoé SrAGIR. vgth low igmyperature
procesgfn\%ab(é eqe g@g? tl’r%ge a] trgla@ge ‘S’Zﬁhgéé%ftrgﬁﬁe%‘ﬂhgfér{@e td‘e&é?'ﬁ optical

systenfzGorbe rrnpienmhtwﬂuangla rtauge df awbsmam mategialsipichairglthose that
from between 100

decomppse PE ﬁrea@ot@patmn@@nr}@wtwﬁ@uﬁurh 2 Peﬁr@er@ﬂJ BlRsli¢ jubstrates.
Contack F}b?rnﬁﬁ@ﬂ%ﬂ%ﬁ é% nﬁrrﬁfeﬁréﬁbrﬁord@é’\héé cfMRSitE ¥ Slsolbbneficial
e devi c nt conprises an
becausenit eac derigpiementid tie Icmt;bsblamdr highethreughmut peisting techniques
rovidin dition devi ce conpgnent and

and syBlepi suefliangolicepl Blifind i SR SRRt Miniimethas and systems.

t he 25i nterconnect and the additional device

[0053] CONRGipReIfic drABShidntabpiHairedgnemiethddicofihaRiagidevices at least a
i nvention provides nethods of making a device via

portionrafitee ipsintalie gemicanductayaieoests mm@rﬁ%& heteregrnesus

comc Bl Bl 5 BB OFRE 8l R o re user

in the resemt ingsntiore M apentodifieht, rtrrcmampig, t&eMenogeheous
tterned with one or nore device 30 conp

semlcoggiuﬁgfr‘t%ﬂsyt%qreer&%% @cggarrf&@@naportctréct%%@tqtateem “ompination
with or‘ré—aJ %r) nrg%feé%&tpﬁegs é’%rﬁéh'érﬁ ' tﬁ‘ra@rre‘? bRl ﬁoﬁ%ﬁ?ﬂgﬁ ebRsisting of:

tra contact printin

an inorganittsevhieosgudtophaving @rdrtfémntrmbmpmttmmmanrtbeenorgaync
surface of the substrate or. on

semicRAGIal &l UEHEP oBh INATHR Eiosnaieo Tuder Biag BidfiSist BRging than the
rnorgarﬂ&'s@ﬁﬁ&gﬁjcutcgt? ﬁ%r@g%ﬂ%ﬁr ﬁét%r@r@?ér%?%?ﬁﬁn tt;}ereof anyorganrc

sem con enents are positioned such
sermicomdeckaa idiléstrialmafedel, and aet:@“u:tuot@al Inamembodisneriotds example,

1o g G0 SerBb ool DR SRR GRS VRS e

semicoPRIticiR Metehals K186 ione B \gfpEdriststihgUsTisingl¥ crystal silicon, Si,
i norgani ¢ sem conduct or structure havi ng a | engt

Ge, SiGeAEL tAdlis f AIGH, GaN,rGalgeGesabasib, 110, IBAﬁaﬁ@ﬁ@t g’i% Inds, InSb,

200, Z438%, i Bo il Srta e 2118 ES50 56 G TR, HEg ESPBSe, PoTe.

AlGaA$ NAlokRe F8InFe IGAsRl Galpmst BainRyWKEatsSRAIGaldP, SiGe and
nanometers to about 1000 m crons. [ 0051] I n anot her

GalnAsRpEtan embodimest fer exarapie; Bie belerogrnedus sesrisogguctor elements
maki ng
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mul til evel device structures via materials |evel
het er ogeneous i ntegration and/ or device 10 | evel

WO HEpli8eleneous integration techni ques. A net h%%T’H§2°PH%77759
com pri8§ - %{éé‘f}‘ts REHASoRIct a8, iH S8 &tRIFPNItS 85dibéRtric material,
Steps ofY (1) providing a substrate pre-patterned wth

a condao@r or bothr & dikdecicie noatepialnamd a congpotor.ed by a receiving
surface of the substrate; (ii) assenbling a first set

osa1, G e S 1 AT BE B RS AR i v
com po%ﬁ&%ﬁcﬁpﬁ&%@le@@/ié&@ ei |wi difempblimeantoforidh@nii®sheiridtable

r one or nore structures provided thereon, thereby
semicageuetaatelenyentsfaanspriseean oemarg erintahle cpmponents efga davice

setote 55 B4 o obiaitd o HlesPhoRLAcUal dy AFALEPPELEL A devie
an optid&ictdvies, aassiested ioptical deisy) @ mjrofifidierdevice) lae
sem conductor elenents on the interlayer by contact

microefeciremeshanice! pystaras tANCSIRGMITIRRNASICA SYRERT. & BANION A
el i SR AU 355a et B e v B, e o ol The

second device layer. In an enbodi nent, at |east a
[0055] porhispeciiic mbthogds| at lebseofymorticn niithe hetesdganeous semicorductor
first device | ayer are atially aligned, in
elements SBMATE8I NG BT BRNIGBIESSIPIRNIHCIo J8vioes Selactesh g the
i iBdet ToHt G I & itfht 2RHAING diode,
group %'é@@b@%‘#@d%\’ gé@@lg [ c’g\:ﬂrﬁéd of kfch?ls’, atag%ect of gt h]% &8
laser, PN gurtctiony a thhindiimftransistor, eoigh iedecirarnmobiliéptransistor, a

blishing.el ectr.cal t X .
onotodFElE BuhE B it Re b AuERhaR ahEh 1BE . b it eiponaucor
field effdeetrbh§igtord8 phetodei@br, aNBghf gdte delvice, ROt @ertiohl-ddvity surface-

pri ntabl e sem conductor elenents in the second device

emitting dgear. 1) eo=mbedimant.donexampls, iahigasy okpeRigaftae printable

. lLin Qr 1.Z] )/ [ ' i ot

somioc3E 08 el Bes AR B PR AL B0k 4 ALl il i e
printab® serhicaRghietor eenicas ar@bravidied in eliectrizabodratatt with electrodes pre-

nanocontact printing, mcrotransfer or nanotransfer
patterngdiai thesubslial®d sel f assenbly assisted printing. Use

of contact printing is beneficial in the present
oose] 9888 HF Ak ek A rASPRTL OBt e
optionallyi ienatate, stepsanfdagsesiliingintabletsendconducienelements on a

st S 5t B S s WISoRE SR ad BUERL Lot s, ShAbLR
inter|ay§g‘éﬁbéﬁ:ré 'aﬁ%ﬁﬁ%l&v\fln)aﬁzﬂgﬁo%b? éhéaégém’at KoY. SR, arl 8@bBeinient, for

m conduct ors /030960PCT/ US2007/ 077759 (fe. 9., .
examplenarrgethiod afdhe poesknd inventiopifugher eorpprises theestep of assembling

acitiof AR PO ondldar etk BRIEL A& At printng the
additiofAINrftAbIBIdeRtithed iRbNEdfmedits bR tleasdhicohdiEdt elements provided
optionally provi reci sion registered transfer

de high p : i
on the eneivisg suiage of the stmsgmt% of enta-enel oF e dnterfagdliate plructures

_ ‘ ! : ) .
provia FERIESE B SRT6I AR 2GatriE il Hechon BIE Rddhiifig surtace of the
substral@ sdddRE iaeiditonds printadle S@micantiuptor elementssthalreloy generating a
_conpatible wwth a w de range of substrate types,

multilaygrcdeyigengfré@HiBent i onal rigid or semi-rigid substrates

such as gl asses, ceranmics and netals, and substrates :
[0057]PaVA %Iﬁ’lﬁyéﬂ &é\'/icélgﬂ'u%?@ %Br&%k%oobgﬂﬁ bteenthidtRédd ¥Ry comprise

or specific applications, such a exi bl e .

a pluralitytsftdeaicasiay bmsnebparatedhsonape siore fistpdayers; whissen shedevice

layers comprise printable semiconductor elements. In some embodiments, for example,
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10 confornmabl e substrates and/or stretchabl e

substrates. Contact printing assenbly of printable -
WO IMS03WEAuct or structures is compatible, for BXHVSEN70777

e el oY SR RTLEE 135 A% i 1 655 AT e

mterlap@t:lrmfe thickhessed Ilesbehanl"rpt eqmitted Sjmlf]rgnadmaagmaﬁmbodlments,

sutatematerasmcu seta econnose
methoge g ke SapoRTGHNELRBPLFE Mbstep i eSO BB SrRIPOBRY oot

r,

serwel SIS YRGB PROMAS s By enesde

benefl cial because it can be inplenented via | ow cost |
[oosa]andAmp@mﬂcrmeth@hlmjtthqsraamch@thr@c|¢nrrcml@§smsmt@‘h@), providing

as,.ro

an intef’gﬂ‘ég/ﬁ{ p%oqngjf Wgognrﬁﬂél R nltghélguf}ggg%ﬁﬁﬁgb {%d‘:onto the receiving
urfac@@bmrb SEHELRtO br L oRE 8 fidrengtuzases providdd ﬂgardem e (i)

| east a portion of the printable sem conducto

asserr@h@@réfm gddiganali m@ta@e@%@w@@wowegmt% 8 @98%&5# prmtmg the

ot STy R 5 PAENARY BB GO ey,

embodimeat] iforekample, at(mt a potriien b’éﬂ'xeramrcﬂfraupnntab!e semiconductor
sem conduct or el enents conpri se an inorganic

clemerisAroVEH AronesPRbING ITAve.2iDE IAterBYEnATEPasiionsd such that
they a@%&t%ﬁlg %ﬁéHé&s‘m Ce?é@ﬁb | RSt BrbRAN Rith 386 prihesbié %@ﬁ‘i[conductor
onsi sting of: an 1 norgani ¢ sem conduct or
elementa\prog:deddnrfmerrenelvmgmﬂéada mfrthetsabsirate iMethgalsiaf t2i5 aspect
sem 01} #ctor struc n| C_sem conduct or
may o;pit@nq(‘{lg Wrthen ¢uppiise B@p?tﬁﬁ rmﬂgroélgnqrd'nore openings in the
' ' h | |&eiicdriduet
ot St ro o g it
elementstprovidied amiieaeceivihgeswfacel of the suhpisatierarithe aneror more

sruc 58P e ST SR SR BA Rt TR coenivgs

in the m’érﬁeryealb‘ét\ﬁ@éreghﬁ@bié SenidoRdacon @leﬁﬁaﬁsq:tromdedforsmegbeemng
stal silicon, Si, 30 Ge, SIiC, AP, Al As

surfaces thecautstrate op the apre of mye stactres @mv'qim&hereﬁ@@nd dthe

somiogfflb1 el o oA ONI o e
&AsP, Gl nAs, @Gl nP, Al GaAsSb, Al GalnP, Si G and
[0059]Gal Misttitdd of the preberti imeenttionf may énxclog en rumeber of optional

het er ogeneo nduct or, el e
processingsa6889 é‘or%séﬁhqqg]@ﬁ%ﬁ/%‘?mfgn&%f% @éthﬁﬁeomﬁaﬁaéﬁh%step of
provid RS AN ayBl DHth EodiRngTRtaee, WiErath Ife Printable
semicmﬁwtomlemedtsaamomued @nto [:ma)admeme l#yenetenetimeeefiise present
: Se onduct or, el | so.i.ncl ude prin e devic .
inventigg WaRE SN BHRE e Atas 0L PR Y BB SHBRS EBg R e r Planerizing
layer drdthe I8 sehilBoiidibrdibfents PRhRRINGHIE 18 rédeiRgsairface of the

conprise on or nore printable conponents of a device
substratel @dhedneraymoteesigucurescioyidsd thgrasm. o metbed 06 e present

ety e BnBIAY v B B bR BT B IR SBIHG7 bt substate

or onedR\th6@ printBble’ REhi6h EXBE BRIMERE pPintdcEohtodhe receiving surface of
nanoel ectronechani cal system a sensor, an_ integrate

the sulstratgiar the onﬁarmr@c%threSa?fewﬂeﬁéh@rﬁpndém gae Oidjnore thin films

of cond AR BB 5L4 e oy o, 08B P B 28 Bcn are

apphcémé o prranyelf eubsinatesrnitiading, Hetvm@tdsmm:l mc;ﬂexilbfer sxnbsttnt&es
group consisting of a diode, a tra&§ i Stor

polymesaiksistesiniastisl subsiratesy siretghable & &iras@% rigid pybsirates:
somicddicdiGhisPOand of BrlofyddBuuskad stor . a high el ectron
transi stor ode a
met al - oxi de- sem conductor18‘| eI d-effect transistor, a
met al - sem conduct or
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15field effect transistor, a photodetector, a logic
ate device, and a verti caI -cavity surface- enl t

WOE%@?O%?n an embodi nent, for exanple, at |eaggT/g%2009/077759
por rg
0060 B L R A M Oo TS BSI8  prosent
methodaaoetvrmesmndﬂwbemsméme:pr&&mt mvedtion dredudsr, dup Ao ndidimited to,
in electrical nt.act th el ectrodes pre t.rer
electropife Je ifes. el G e sl OBS GRVERs iR atfeed)
microeldBt@théHhrEY s?é't%Hterna%%c’tr%ﬁ'léBWah!d%l 8ystémd, sensors, integrated
optionally 1tefative, steps of assenbling printable
cwcunt%mcmmdmam%ar@mﬁtmrwdealqeabstrate or structure(s)
provided thereon, such as device conponent structures,

[0061]&2@%@@%{ ﬁr&%ﬁg@rﬁé@ {ngénﬁér@[}% ?ﬂné’ sional strqtchab!e and

bendabfetdescenf intthis aspreetheidavivet dompfisds @eubstmtpmawﬂg & leentact
step of assenbling 25additional print

SUrface KGRI GOMEPNEN RtIANa egfo doasi B*SF@QFH% 059*%%498&@*6 contact
surfacé) r\hﬁér‘ J‘(?)rﬁﬁtgﬁéﬁtq{é%l atqéﬁuéclicgf& %I:@F@aﬁf’rﬁ%gbﬂ fand at least one

e Sem con enents pr
substahhal Iy ﬁ@te'egldmg wheréindke ofligfieataind segion basa portion d:tmi i® separated

from thEcHHLSIRIBATSY 18 SBIR A Ga1 oD 5 £ eas gl gonded to the
substrate! AR dégéaetct‘% %*P?éds@bﬁe@@ﬁeftfﬂﬁt@é’%éabﬁ'?\%ls PidERRBsional
sem conduct or e ements, thereby generating a
patterrB@hlelllef feapoes abﬂvtheesu@stratet sueh a[scmwa}/y\pattem hawjieg a plurality of
g .ce stru r &? resent nethods nay
contact fraiPig K1 ¢p ?&rvg'lth ?Eén azﬁ@ﬁ da&&par at ed by one
or nore interlayers; mherlen t he device | ayers

[oosz]convé ra&litatd PorRfhg of eva @@ﬁéuﬁémrtoethe RRbsSatel ang ofme or both of the
enbodi nents, for exanple, 17 '

compozeoemsmmremogwda\zemay havea agtivaled 56@ipas,HuFR as a pattern
of aci (e FARAE S AGE HOBHSSlo FEb LN farh eeha e g
and/or nears for @rsviding king rduati agby on orehdredsf a);baﬂténnsof adhesive

aspect further conprise the step of establ
sites OEIS@& pylesirate spptect SH@@G\% eh SBidl Qﬁf“& rge%ﬁ@l?ﬁ&ﬁfﬂg%trt%m of

substré’cn%%r'ocg)‘?@dr&rﬁ?Egg%gf;;%ar?m’étt :% %Q%ﬁ%@'ﬁgeﬂégpﬁéé{aggﬁ ©oh@ or more
of: subgtratepoosordponerdrthickhess, ayedulua tbmp&uature,ecqﬁnpmlm,eeach having

o ot B R ot L S0l & B e BB et s accen

to freeférd@%‘s%?%é ESr"n%BHe 264 tHd kl%bét?a‘%é 'Eﬁhteﬂﬁ stifiSc&dtthéicefdhon theme

pri ntabl e sem con uct or enment s cont act prl nti ng
for eaoﬂ'tlmc tpese]patﬂreeteesnsotbatjtlnﬁycem’telr émhta@ bornding bebkeen ithey

compog;a[.@ qz su §trz{a}ggtﬁr§5ibgﬁﬁ}gﬁhgpssp'héw g&%ﬁ?ﬁtgﬁgpat:aﬂy{ontmlied
bucklir®y dfithaRothiEnt O FeHek&nple, positioning the substantially flat region or a
portion of the relief feature region to an active substrate region, the component may be
controllably buckled to provide for stretchable components.

[0063] Any of the devices and methods disclosed herein optionally have a
component selected from the group consisting of one or more of: a metal, a
semiconductor, an insulator, a piezoelectric, a ferroelectric, a magnetostrictive material,
an electrostrictive material, a superconductor, a ferromagnetic material, and a
thermoelectric material. Any of the devices and methods disclosed herein is optionally
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el ements provided on the receiving surface of the

interl ayer are positioned such that they are_spati al
wo m“f‘/ﬁfﬂ’@@{ in electrical contact or both wth gq@u&zoow&%*xw

L:] | ] : (VA ; i
for 2 LSBT ROFEARYLFEoRLET b R AP 0Bty oprics
device psp epto-elegtropid devidd, ynéchanical devite; asd atherrsalegayvies.:

(i) patterning one or nore openings in the

06 B Ll oL BB R b S oSl 0B B Bevios
have aldiP sty fBfregion Eét%pﬁfsinp% Ry fortecaNing Redévice e6mponent,

nore structures provided thereon; and (ii)

such as@nabtarednnest e¢liaf feators thed eleattcallyreongrcistat lepstivadsiands.
in the interlayer between printable sem conductor

00651, S EoEAHBEE o 1% S8t B A b gl frce .

substahtigiiyeft, Basl atrbBefZ8aten] itasnd cohad portiorphas pwarydeation, or is
the receiving surface of the interlayer. [0059] Met hods
elastorperie.richrassa MDYIBaRslrale deSsubsi@ie sy in nunber  of
opti onal processing steps. A nethod of the present
i nvention further conprises the step of providing an
adhesi ve | apE@DERERIPTRONIOF THE DRAWINGS i n the
pri ntabl e sem conductor elenents are printed onto the
adhesive layer. A nethod of the present 25inventjon
[0066]f ur Figar1 swnprarizes anegmethes for Making divwayyser buckled stretchable

et SRR AR BB AAEREL 200 GG pyanan st

recei ving surface of the substrate or the one or nore
[0067]St r PI3.\2 i8sa photogegsh bhe stretthablewhytiucklet leteqries emierconnect,

formecd By Eatie Vi) T PeiGid SHORWRISRISLH RiEcS BAIne e s ChIg PDMS rubber
substrﬁé'faﬁcﬂﬁé(?bgﬁﬁ%F&QQ%&?B@@G%{[E&H@%%Q‘WJBMH to the

recéi vi ng ace strate or the one or
nmore structures provided thereon with one or nmore thin
[0068]f i | FiG.8 semnwuizes mermethadsof fabrcatianeplosavy stieighebledlectrodes

Met hods of the present inventio re applicable to a
by depPSHGE B & SR EICEY OB APHHITG SUBSE ot | i mi ted to,
fl exi bl e substrates; polyner substrates, plastic

[0069]S UDBIG . Brovidds @étaha k|stitg Rpbn@hesthod i fdbficdting atamioth wavy
sem conduct or wafers and a contoured substrat

elastornensyivsizEe0 wds/m‘é;zwetrm?mma[rm@e@]&nlestrﬁtﬁéﬁhgElﬁ\ﬂggﬁﬁ steps.

i ncl udes devices and systens nade using the present

[0070] ™! Ffé’ss p@S/tYdé%eén ﬁﬂ?g?}ﬂfné t%g?go@gl,ﬁg?\ggpBﬁﬁ‘gub@t\‘ﬁ@tgjéh%rated by

i ncl ude, are no troni ¢ devi c€s,
the metinddscaltiidey irc Eigs. S-4cTheint@tconnecihdvwreis, capabledf 22.6i%

stretorAIOGA HPB AUBRA I BICOEFEEL I 1% 8Hach D0 T blgk 4780 e AV 200

nm Auf%@?%%ﬂggﬁo hée’éﬁtgmf&réms aRd JrearRplitue e \(éisBice from peak to

Iment, the invention is a o
valley)tofmboute 66 mibns.t Beshoiveshbre @nd of the interconnect for establishing

electrical contact with a device component. The device component may be positioned

in a flat portion of the substrate.

[0071] FIG. 6A Commercially available lenticular array (from Edmund Optics) with
cusps. B. Spin-coat photocurable epoxy to make smoothly wavy substrate. C. Cast
PDMS stamp against substrate from B to generate wavy elastomer stamp with smooth

features.
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bendabl e device. In this aspect, the device conprises
a substrate having a contact surface, where

WO 2H$03%&Rt i s bonded to at |east a portion of PFW@SZ“O'”OT”SS’
subgj
0 AT SN PR L P
shadoWﬁmﬂk&ir&olal slhbtythiy wbvy e@stemaebsiraieI Akeradécteddes maintain

condugfdyeansttorihedivilh duiind Sklsiha i 1o 0T Blergighon nesagle bar s
about belar?lh PATE A rb¥s %@Eﬁ&fg?f @a{n'ﬁ%s§ Whsd él%%h oréHABUESIRAE! B is a top

the at east one re eature regli on has a
view mlamgmp’reo’selenmbd@auapmnateﬂ ontsl thefwéwaelastomensubisérate. The focal

plane Bore kst g ey ol 6% & 108 M B béctrode
evapoﬁ‘a@é@ affo ﬁ@&éﬁ?eia&ﬁi@&%b&a&@cﬁbt@éﬁ d’@r@lsftﬂ"l ﬂ’fe \Fé)léys of the

onent to the substrate, any one or both of
wavyre onent or substrate receiving surface may have
activated regions, such as a pattern of activated
reg
o7 988 = 4k RghE Ao 3 SPe Rt HBEl ol 8

stretchaibidhpassilyy netrio LEDodigplaly usintpstretchable @ldd:’te@aiess sit es
on said substrate contact surface or said conponent; a

007415, EffeSHEStrafEdng machaiial SuPABTY PORAIEVEIHERA LD display

with wiv edhskeat e or conponent thickness, nodul us,
tey erature, conposition, each having a spati al

vari ation; chem cal nodi fi cation of the substrate _
[0075]sur FKz.10 ﬂiuatrat@gu inorgaail plvatadiode grrays dialgibutast on adens with

soherGAGRRVANe: S FRALUEHS SRR SRbIMIAET ey o ther

facilitate bonding between the 25 conponent and
[0076]s UbEIG. .21 Eillostritee\thd &iced o Sipstichability when erpanagsheet is wrapped
spatially-controlled buckling of the conponent. For
around-g grpeEcalsysiaCBoni ng the substantially flat region or
a portion of the rellef feature region to an active
sub ' st t |
(007713 U OBIC AP sirffibes dift SHBAN R rabfvath &%i&ﬁé’é!b%c)(led

O provi onent s.

semucc[rﬁﬁ@ﬁ}r/h’rpaysfcapm)!ei of coerming toeipihedisally-soivedetirfasesi n
optional Iy have a 30 conponent selected fromthe group

007812 TP 4 Bt Sl ol Bkt el oon aroys

havmgféglh?@ &Srirfdction ri@ﬁﬁﬂﬂbgﬁéﬂdrﬁm #8d B! Aluliidle céﬁnectlon (e.g., two)
el ec rostrlctlve mat eral, a super conductor,

gnd cohfiguratiogr(6i andhatlioralgonngstion contguratior (P}.i Ehﬁﬁtretqf@lble

I s

devnceé%@@tt@'d@@k@cbdmﬁmémg atrfoH Bxamph, She ncnl@i':t pad regions. These
el ectronic device, an opti cal dev] ce,

systemspare- eanable sheenTaENINGdo aedNgsisysiacae i h?ecorﬁﬁar%tlons depicted in
Y n an aspect, any of the two
FIG. 1% %P%ongq PBM e%aﬁ%ﬁ]‘té and bendabl e devi ces have

a substantially flat region conprising an island for

[0079]r ecEIGi ‘r:gEmottewmxer@squmwmagemmmm siretbha@lecsﬂinwmrrays ina

lief feat at electrically conne | east t
grid copgglgmgn cap%[)Fe 0 support?ng déwce componen s an onFormtmg %’6’0 a curved

surface. The scale bar is 200 um in A and 50 pm in B.

[0080] FIG. 15 Electron microscopic images of buckled stretchable silicon arrays ina
grid configuration with adjacent contact pads connected to one another by a plurality

21



10

15

20

25

30

[0065] In an enbodi nent, any of the substrate cont act
receiving surface is: flat, substantiall y fI at

Wog‘oqs@pqsvg? feature, has a curved portion, has %007/077759

. : b
P R e
conformﬁng s euRled surfauemr@né sedle (ae 91200 pdh froA anakdthgrmain B.

wavy or buckl ed stretchable netal interconnect. Ais a

100811, oIS i GisBRan e Teorid hrstins P Sraefehibrdisbn amays i o
floral oﬁﬁﬂglﬁr‘%éh'c%ﬁaﬁleeéﬁsfu%mg;&@&ré@ RBRPoneh &Rdciformin to a

retfieval froma ri strate onto avére strai ne
curve@uf&qehameasm@amﬁaw HsulrsAranded0 pm isviBd by t he

rel ease of the strain to induce buckllng 15

[00s2]l O9ff8.H OLODiORGJE! &Pétbﬁgﬁab%c% arrays in a
etRH RS Bpic HdEs JatliKle

wavy Stre odes I on on

bridge \wowfigsrtation tcapadleed:faaip@metﬂngsd@ace abmpoheffsOand é‘onférmmg toa
provi des detalls relating to one nmethod for

curvedistaceat § 1RySeRl8 REh 2GRN B AR HBUPBr ate. Ais a

flowchart summary and B illustrates the flow chart

[0033]\8Nta f;‘l;ﬁ% éﬁ%ﬁﬁ@%@ﬁbh 8f Phatst 36}@ 59 gfg:gsrrsy canﬁg;m@wh %n a

trate generate
stretchabtd buneidied siliomyarrag-oh PDMS.i nt er connect shown i s
capabl e of 22.6 % stretchability and has a netal

10084100 6 A §EMmohiBeiehdn Rvarp i bR i e GRig fpterconnects
during a8ffBtdhintfland delakanse The @y@t%ak is @ las@d iRYparel 1atiet sybber is

m crons. B shows one end of the interconnect for
stretchggtagpindisaterhby the strelshingcrrewe in perels 2, deanctté. The maximum

svecrURBRBFRSs ARt 74 S AR sl TBA RS EE r e

intercoﬁnﬁnmngn@k:ll iyt tiaey dirketidreof et dtratthingdorcey THe systéminsneleased in
wi th cusps. B. Spin-coat, phot ocurabl e ep

panels%QeaMaﬂﬂl| @haﬁm%@rﬁm and configeralion maueyaleniip Wt shown in
panel @g%g%&a%h@aﬁ.té@t rrirﬁom B to generate wavy el astoner

I’TDOt eat ur es.

[0085] FIG. 20 “Bubble stamp” or “Balloon stamp” device capable of conformal
contact to curved substrates as well as flat substrates.

[0086] FIG. 21 Another device capable of conforming to both spherically curved and
flat surfaces is a stretchable spherically-molded stamp. The stamp is cast against a
curved surface (in this example a concave lens) and removed. The stamp is stretched
to substantially flatten its surface and to which interconnects can be transferred.

[0087] FIG. 22 Stretchable buckled silicon arrays during a stretching cycle on a
“bubble” or “balloon” stamp. In this example the interconnect between adjacent contact
pads comprises two wavy interconnects (Si 290 nm in thickness). The stretch test uses
bubble expansion to provide multi-directional stretching. The right-most panet is under
maximum stretch and the bottorn two panels show that when the stretching force is
removed, the interconnects relax back to their prestretched configuration shown in the

top-left panel.
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WD 2008/ 030960PCT/ US2007/ 077759 [0072] FIG 7

Stretchabl e el ectrodes deposited by evaporat
WO 1003/8383# a shadowrask onto a smoothly wavy eI%%?%WPWMW@

10088] SV, %esm&ﬁ Lgﬁin%éd {24551 oBR é%éfhgg o?u@@@}é%%ﬂé{héés &hfled with

connectivity during stretching u 0% i n tension.
adhesiviese(R{2MBeo@U-8)s about 0.1 mm A is a cross-section of
WaVI ness on an el astoneric substrate. Bis a top 5

[00ss] o) e AR pocHREtar AR Bl T pifukR shaves i
semscoﬁﬁu&tla;? n@ﬂbﬁbﬂ&t%é A FaSnd:é?tlrfg é QI ingaSKEd QSihaMtoQiatin the
el ectrode evaporated onto the wavy el astomer

surfaceschgrnistiyen a @Mﬁé‘allbsﬁa’mq@ Fermpingtuckled Gads rioopgand

embedtifibnG jndooMes ¥ Frbbis ot S fuae SRR s BHfeRAG and
compredsiity. ESEM magd-6Da dampi@Yormsddgsing itieé pradederes in a and b. The
el ectrodes. [0074]FIG 9 illustrates the chani c
prestraiy u%ed:f%mnefqu # JRoRlewas DM, %V'L@Haen-g&’ BN e\m@a ¥Vin = 400
Lm wavy el ectrodes. [0075]FIG 10 illustrates inorganic
phot odi ode arrays distributed on a I ens with spherical

curvature. Shown: various |ens shapes and angl es
[0090] 15[RIG7 @bRbitGe-viaw iprdfiles ohbeskles formeeton HDMS substrates using

e ELE S VbR B e S M TR 100

um and @;, £3bbi Lﬁﬁt BB& §érﬁ|§lb§*@<|ﬁ'itﬁt M@% HEThs@Ratsd fgions due to

arrays cap conform ng to spherically-curved

detachment af:abbor[mOM] thecE’DMS cﬁnusmdahweve% witpi ssnalhpgrls ormed only

e SRR TS 100 0 AL AYERORPY e e

[ndlcate’s)m gbleefing 9V g, smaNé)thehizdcritial valueaivols the)formatbraof small
| oral connection configuration (D). The stretchable

wavy SiFH@f@lf%S‘onnect s are capable of electrically connecting
phot odi ode, |ight-collecting/detecting devices, and

ot
[0091] pa[ﬁb ‘58‘(;\%@8 %Q@@bﬁ grarésucggée?f cggﬁggﬁb%gférﬁgeﬁér?i ff"FIbDMS after
microtonaing. d’lhm/mb@srﬁmsthaﬂtbe mmsquﬂpflllmm o)23143] taetmhenrthe ribbons
and the underlying substrate. The buckles in this case are formed with a prestrain of
60% and with Wae = 10 ym and W, = 300 um. The PDMS prepolymer cast on the

surface of these buckled ribbons is cured in an oven at 65 °C for 4 hours.

[0092] FIG. 27 Optical micrographs of the side-view profiles of buckled (A and D)
GaAs and (B, C) Siribbons. A GaAs ribbon structures formed on PDMS patterned with
Waet = 10 um and Wi, = 190 um, with different prestrains: 11.3%, 25.5%, 33.7%, and
56.0% (from top to bottom). The dotted lines for gye = 33.7% and 56.0% are
mathematically predicted interconnect geometrical shape. B Si ribbon structures formed
on a PDMS substrate prestrained to 50% and patterned with W = 15 pm and Wi, 350,
300, 250, 250, 300, and 350 um (from left to right). The image was taken by tilting the
sample at angle of 45°. C Si ribbon structures formed on a PDMS substrate prestrained
to 50% and patterned with parallel lines of adhesion sites (Waet = 15 um and W, = 250
um) orientated at angles of 30° with respect to the lengths of the ribbons. The image
was taken by tilting the sample at angle of 75°. D GaAs ribbon structures formed on
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25 FIG 13A-D are on a PDVS substrate. [0079] FIG 14

El ect ron m croscopic inages of buckled stretchabl
WO 200B/030880 arrays in a grid confi gur ation capab?%T/H§2007’077759

PDMS $UBBRAIES/ e dFAhER 16 BP0 AR 200 BRI MU RBrdR Vi 5100200, 300,

bafzlct pmin A and

and 400rurB.(frpe0RP] tBIéttotd). El ect ron ni croscopi c i mages of
buckl ed stretchable silicon arrays in a 30 grid

100931 FIe el Sfipiig Shd FamPReRsingpt Biciidd SarMBEERs Embedded in
PDMS2R( a%%@%@%%ﬂé‘lgmﬂoorwg&?sﬁ@ccﬁed td WiHerdit levels of tensile strain

i nt er connect s capabl e of supporting device
(posutmo%;)dﬁzantwemcuca)mﬁmﬁﬁ%gBtlma@e@mf\ae@ngI@rblw@d rileon

comorfifip el AUB Pt S e RP ] Grokoriog

wavy g%bhié%ﬁ@s éFb@éirSatl the Peaks of L Buckies forgionibreesive atraiﬂselarger than
I ng devi ce conponents and conformn

~-15% cGr!memffaa@eg!emk@@anﬂéb%eom@r%@d 5ﬁ1dlffﬁrﬁng!ﬁuel§?9fp m
compr%:%c\% %téé) 981231% lbﬁcglgez; it 8 G RSHRRES mfﬁ?ﬂ%%tr@ n of 60% with

stre e Sil1con arraysmab
Woo = ¢ONirh @ndavj, cri0GpabiA BY asdipith Wi e mymmcbwmeﬁsatwn (C). The

red indoand, ATPHS AN SN BoMehiClFate HioBaGRHAaTior BhiECRIERfibbons o
h.gh:.gm{mehﬂ%ggér e&,gu i atdh sdTﬁénﬁé/etgg%w.&g Dl\/grﬁf"bd)% é'soofthe

retc I con array on 0084
sectionkImedekeaingith theewhitd eboxes ol aarhy ehmwlmgvtherformmmldﬁeof cracks at high

stretchabl i nt erconnects dur and
comPretsiva Sira B THABUEPara Foeshalidifd 16 bretditia S, BHiprgssing degree
systemls stretched.,as indpcated by the stretching

arr ons ,&man gm-ec;l? | mum stretch in
were CBEW@' %d)g{g@ﬁ’ : oand ;ésﬁ fn a substantially

flat interconnect for Hyeed 5 | ht erconnect aligned in
the direction of the stretching force. The systemis

1009415, 7% 20, FPefP el olpdiarins WiRbive Ryihdr Rugiaiis fons
arrays.SHRS §trld@lrd & fAbAcABY in a layer by layer scheme. The first layer of GaAs
ribbons (buckled geometry defined with a prestrain of 60% and with Waet = 10 pm and
Wi, = 400 um) is embedded in PDMS. The second layer of buckled ribbons is formed on
the surface of this substrate using a prestrain of 50% and with Waet = 10 pm and Wi, =

300 pm.

[0095] FIG. 30 Bending of buckled ribbons on surfaces and in matrixes of PDMS. A-
C. Optical microscopic images with low magnification (top left frames) and high
magnification (right frames) and schematic iliustrations (bottom left frames) of buckled
GaAs ribbons on PDMS with (A) concave, (B) flat, and (C) convex surfaces. The scale
bars in ¢ apply to a and b. d, Images of buckied ribbons embedded in PDMS (left)
before and (right) after bending. The top and bottom frames show the curvatures of the
top and bottom surfaces, respectively. The scale bars in the right images apply also to
the left images. The buckled ribbons are formed with a pre-strain of 60% and with W =
10 um and Wi, = 400 um.
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[0085] FIG 20 "Bubble stanp” or "Balloon stanp" device

caFabI e of confornmal contact to curved substrates as

WO F0B/030960 | at substrates. 20 [0086] FI G 21 AnbtHEP2007/077759
devy a ; ' '

10155 SR k25051 f b b SRR BRI meta

photodefatteisMSM-FD$ X @dSshermptic Tostratiempoi theqrometga(tos), aa

eqivalaih el (MRGIaS A OPUCal MeOPR el st HSCY DrRATa 37 during

¢ . .
stretch|itoROnDL B SRR Wrebs (Q Caf e TsPORRRTrnG GRNGFPD that
was irr?d iataqubwlfmi IRJampswitie different autplkintensities 1B bbarsttesistics of PDs
iuminggoufConstaddRmindhderto [RaRsEned B 18] G BBIEREY by different
degreesht erconnects (Si 290 nmin thickness). The stretch

test uses bubbl e expansi on to provide
mul ti-directional stretching. The right-npost panel is

[0097] undRIG. fdx Ariiemispheriedl elastomesicieansden slanp &8l lEtathow

mrco LSS BSESHAH 4 85t B el vansor i

geomeﬂ‘gmﬁwhen“iisphaihawhép’e.tﬂ@ ipape’lietercaraeets betWeen the chiplets
2008/ 030960PCT/ US20Q7/ Q77759 OOSSL{FI G 23 Sirg i con )

accompodatesdihg; siraizs ﬁ%%ﬂ?'%tﬁﬁr‘fﬁ? B'agﬁ iy cuvReSY @833@@sformat|on.
wi t h adhesives (PDM5 or SU-8). [0089]FIG 24

[0098] S UNPRY. 133e T il Q6LSShifcsh iR ied BIMOBILHISEEY e3P hemidphefcal
sha

pes 1 n sem conduct or nanoribbons. ‘A Fabricating a
stamp tdv@rmatshech hdmisphegicat dedcpaubsiratet Nhesphototerable adhesive layer

bonds {4 RIS B tiSetive SUPREAIR AR TR DA AREEs e SUgRCE.
buckl ed GaAs ribbons to stretching and conpressing. D

[0099] SENFIGT®dE Pihtet fpaphtes vatiduteg nNactuerdaeg eibivresydtons
and b. The prestrain used for generating this sanple

compatikle vetivhemigherigat stamps. pm and Wn = 400 pm

[00100] FIG. 35 Compressible array of single crystal silicon islands electrically
connected by ‘pop up’ ribbon interconnects, on a hemispherical stamp.

[00101] FIG. 36 Optical images of an array of interconnected single crystal silicon
islands ‘inked’ onto the surface of a hemispherical stamp with radius of curvature ~ 2

cm.

[00102] FIG. 37 Stress/strain curves for various silicone elastomers that can be used
for the hemispherical stamps. Linear, purely elastic responses for strains less than 20%

are important.

[00103] FIG. 38 Finite element modeling of the spherical to planar transformation in a
hemispherical stamp with an initially uniform thickness of 0.57 mm.

[00104] FIG. 39 Schematic illustration of steps for fabricating two-dimensional, “wavy”
semiconductor nanomembranes on elastomeric supports.

[00105] FIG. 40 (a-f) Optical micrographs of 2D wavy structures in silicon

- nanomembranes at various stages during their formation. The insets show two-

25



10

15

20

25

30

10 [0090] FIG 25 Side-view profiles of buckles forned

on PDMS substrates using prestrains of 33. 7%
WO 20B/03P6¢ = 10 pm and Wn = 190 pm and (B) W Ir%i%fglngmss)

d:menﬁ&ﬁal%w rs CRH‘ @Q%ﬁmhéﬁlwn@ﬁpégyﬁ cgtgé 'étT-dW

nactiva regi e to det ons from
magmﬂdmloﬁDE& th&‘; sammple] dhe thaclewsaiaf the siicon el nfrowitk dhe lateral
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of Iong&waiwealemm&\daﬁ.@edfataamp@mtﬁm frambdg -enbedded in
PDVS after m crotom ng. This inmage shows that the PDVS

otog] 449 418 AR S OERARR L PBRLE0S o B wey
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m and Wn = 300 pm The PDI\/SE oI ymer. cast on th

prestragrmsr&éi% cﬁhqaeég@%mféwhﬁ thahBighly reriashie pat qﬁeaﬁﬁtftﬁ/%vy

t .
e g gt S Py PR g
contactamlb(]@at tﬁ)e silgas cgfdhesSl alhdRDMS g@faxdhed‘tmes:etmw ifi therBY and the

atterned with Wact = 10 pmand Wn = 190
lack of GorR IO e e SOFRIOHS OF ihe §9yE 35 B4 <8 Bndhoss s

56. O%(fromtop to botton). The dotted lines for Epre

[00107] PG, %2a gt@&ﬁrﬁrc&)d}?bﬁﬁ BFED%\!QVSPﬁﬁ%rﬁém@ranes with various

terconn eonetri bbon structures
thlckne‘ssr(ﬁ’édmﬁ], %60D 8 rgnpen mMSpfcmmdawﬁ'ea therrsaloprasigain of 3.8%,

and (bE&HST Zﬁq’fﬁﬁ%vﬁ‘“ sedrerfith 20 Bt Bn Siliokfess, .

vvas taken by t||t|ng the sanpl e at angl e of 45. CSI

00108]i bPI@) 43 (AT roﬁﬁnfltﬂ‘bg%bf'@fbfé?[?%yﬁlbﬁjhb&tembranes under
[ 8|él)restra|n(:eal(§S%to 50% and patterned with parall el

different; yriaxiak steainssariliediat dareegiterent orepiations: Pfeose-samples consist

o i B E U ARy PSRBT e prti
of 3.8% IEhes mades weraoglexied infthe rBEamﬂsstanekthﬂforessiretcmmge(mp frames),
the relaxisLiia BBeRTEehRoBateR RIS, AHORHNEXal g fensie strains

% PBdePRlehle of th
of 1.8 (opThPAs BaBisirt SThy ?2?%@‘#51%?;*% o AemRepRehee of the
short waveldreih Gasppliet strain Enthedtirat diferaDiBirestiomges of a

si ngl e buckl ed ribbon stretched to different |evels of

[00109t] enl§lié.ed-4S AFR‘A f?nages of different regions of a 2D wavy Si nanomembrane,
showing the 1D wavy geometry characteristics of a region near the edge of the
membrane (top frame), a region slightly removed from this edge area (middle frame),
and a region near the center of the membrane (bottom frame). The sample consisted of
a Si membrane with thickness of 100 nm on PDMS, formed with a thermal prestrain of

3.8%.

[00110] FIG. 45 Optical micrographs of 2D wavy Si nanomembranes with lengths of
1000 pm and with widths of 100, 200, 500, and 1000 pm. These membranes all have
thicknesses of 100 nm and were formed on the same PDMS substrate with thermal
prestrains of (a) 2.3% and (b) 4.8%. (¢) Dependence of the edge effect length on
prestrain for similar membranes.
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S5(positive % . Fracture occurs near 50% B Images of a
Si ngl e buckl ed ribbon conpressed to different |evels
WO H08RWHN essi ve strain (negat ive %. Snall, 3607077759
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are 100 ka@0suatarid 8@ rishopr &sificctons brd 8O x TBlEumUINRS! Fhe prestram is (a,
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e) 2.3%wend (6odplh%edSEdE @nageﬁg(ttlban%paﬁf/éc)t@‘cﬁele o &@@fﬂ%&hat show

rlbboné‘gﬁggjsgﬁém:ee[%hof](goé’ e, ﬁre{rggﬁél“ﬁk‘ﬁéazéf H?trgg%onfs\‘fe ”'I'Z\e insets of

high-mageifisatiors SEM imagésibhowahe daised redion ef waywek ay brand d
scheme. The first |ayer of GaAs ribbons (buckled

[00113&6 thr lgghlgﬂ{t]qegq'ap t@gﬂﬂﬁrgér%i of 6 % and Wr%}ﬁs@nec 00 nm
thick, 4$<e§frﬂﬂ aggbeﬁﬁﬁ% tﬁéﬁﬁéle&e{;ﬂr&t%?’eﬁ PQME%U%ﬁ'a%‘w%Qe (S&ﬁa frame), and

substrate using a prestrain of 50% and
(i) the 1D avasdtthda @dgen (ajr)meﬁharrmgborJepmave[smlgB? mr@r rggion, and (jii)

cisoro SR o L LS AL BE SR Ay 1

magni fication (top left fr_arres) and hi gh magni fication
[001 14? i NG, 49 Somsha@Museasombf the dHarattestiiomgtieintthenherringbone

eft franmes) of buckl ed
wave structures.
[00115] FIG. 50 Si strain as a function of applied thermal prestrain at the herringbone
and 1D waves. Si strain was measured experimentally by &g = (L-A)/A , where L and A

are the surface and horizontal distance in AFM surface profile.

[00116] FIG. 51 Optical microscope images of herringbone waves after the cycles of
stretching test {~ £t = 4.0 %). The test sample was prepared with 100 nm thick Si
membrane and 3.8 % biaxial thermal prestrain. The herringbone waves were recovered
to have quite similar structures with the original, after the cycles of stretching test up to
15 times, except the some defects originated from the crack of membrane.

[00117] FIG. 52 Schematic illustration of the ‘unfolding’ of herringbone waves with
application of uniaxial tensile strain. The compressive strain £ is due to the Poisson
effect with tensile strain gg.

[00118] FIG. 53 Optical microscope images of the morphology change of herringbone
waves during heating and cooling process as a biaxial stretching test. The test sample
was prepared with 100 nm thick Si membrane and 2.9 % biaxial thermal prestrain.
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ﬂex1bIeP?§e c'hhH? lﬂﬁbe%pw [fghtsc oﬂ% hdtb‘ﬁﬁ‘ @%@?thqgﬁégfagég the device is

npresse
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mm) oﬁ%@i&ﬁéﬁlﬁrﬁé‘tﬁl 6n BaROPEMY sLbiPate, ITHE MRGATS edpable of

I'nt erconnects between the chiplets
stretchmgmbnrtb@@f’/ewhnet sgndlpast degradatior of mhymcalmr@pepﬂtlaﬁarc is a plot

of the ﬁl?)%@fs%hﬁr? ?8?1 br A0 i@%ﬁ{%g I%ﬁﬁs&@r@?’amphtude {circles,

right af@)r@mhﬁdml ~WhAet8) |ﬁteﬂ@émimb BRIFDMBashewh inl@)i ¢ the

substrate. The phot ocur abl e adhesive | ayer bonds to
strain ingreaspmghete istrecorsesrandingincrease wribe aravelenah anddegrease in

] f [0099]FIG 34 Printer apparatus with
the ambwgéﬁfﬁ@‘?ﬁ%ﬁ%ﬁat ors and vision systens conpatible
W th hem spherical stanps. [00100] FIG 35
[00122F0 rffIGe 571 $d:tmrnaticaﬂ/lu9t‘ralmmgi 8 peintest semizohdachor nahamaserials

based ARRIGEED A %rSSgﬁeeéﬁigm%ﬁEepn@ﬁ%?k&ﬁomcs The pagess involves
the repBl 1@(-? f8nsRt | Pﬁﬁ Sﬁﬁecﬂ n§%f ﬁéhéﬁbb@% haRGWifd) MRFoRBbons or

single crys I con I sl ands nked' onto the
other astivd aaeomhtmdkemepptﬁelwfarmed empswrca substraiesoto a common

.__curvature - 2 . . . ,
device SHB\s/tratle t0 generate interconnected electronics in ultrathin, multilayer stack

geometries.

[00123] FIG. 58 (A) Optical micrograph of a three dimensional multilayer stack of
arrays of single crystal silicon metal oxide field effect fransistors (MOSFETs) that use
printed silicon nanoribbons for the semiconductor. The bottom (labeled 1st), middle
(labeled 2nd) and top (labeled 3rd) parts of this image correspond to regions with one,
two and three layers of devices, respectively. (B) Schematic cross sectional (top) and
angled (bottom) views. S, D and G refer to source, drain and gate electrodes (all shown
in gold), respectively. The light and dark blue regions correspond to doped and undoped
regions of the silicon ribbons; the purple layer is the SiO. gate dielectric. (C) Three
dimensional images (left frame: top view; right frame: angled view) collected by confocal
microscopy on a device substrate like that shown in (A) and (B). The layers are
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[00102] FIG 37 Stress/strain curves for various
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(chann% E}(—%?%%%ﬂ W&ﬁ%%ﬁg énﬂ‘:g@dt) ﬁrﬁ, r@QﬁSeé{fveﬁ/t) 2R4v&\geviles on the third

rane on I ckness of "the silicon is
layer (dftghneiieragtids bhd wititsraf] 1 Soareds POGILM, respedivelyyhdy)dNormalized

ranscagHne i ob 8y B R BE (GaBR G=R! sLiisgETs: reo
circles POV R FENS: g?éé‘r?ﬁiahbléslﬂ S4NHEMTS) d9a samdtaptonNbedidingeradius of
at the edgeS of the™Si and PDVS near the hol es etched

the plastic shbstigate (teft). trhage atihedierd siysteinaend prelingepparaiys (right).
positions of the wave structures and these hol es.

00 4 : : . :
o124 BRI A e o b 1 38 AR Bt o
polyim&Os iiBtra0e. THVBvefterg®shaétidf MOSFETs(chpnesltieagths af 4 um, load-
- 3.8% and (b) _dependence of the shors vvavel(%%gth ?nd
to-driverridth el 668, anflia: s id-of 200 BBY opi WO detes) levels,
R i e e Lo
magnifid Eietnﬁtbﬁ Te&eg%dagic???bpmmm in;the%fé ﬁ'e_rrteﬁ dinesgraph on the
wi.th thicknesses o .nm o fornme a
bottor HgiIOWsr BERSIaT AVERCErBs oha YRYdEveldre (A1 TSI
charadtﬂ'iét,?:% di¢! ghried %ﬁ%ﬁerﬁ%ﬁfﬁrﬁ il ShatheltPp chaARBISSWNT TFT
the relaxed state ter stretching (bottom franes),
(chanreh teragth andaxidil o bBnd @00airs| taspectivlylsarxbann chagmel Si

MOSFEr? Rrahiel B R WP B ot BT R By FHE Heets provice
an optial Alictohfaghh6F dlineeriet fIERY 87d adifc@ftischBatic (right). (C) Current-
voltage response of a GaAs MSM (channel length and width of 10 and 100 pum,
respectively) integrated with a Si MOSFET (channel length and width of 9 and 200 um,
respectively) at different levels of illumination from dark to 11 uW with an infrared light
source at 850 nm. The insets shows and optical image, and a circuit diagram.

[00126] FIG. 61 Image of an automated stage for fransfer-printing, capable of
registration to within ~1 um.
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sel ected regions that show ri bbons and squares o
typical §j MOSHETH{getesleopth aind pbann{el widthh19 prregpg@opmyrespagtwely)
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lengths, widths and gate widths of 20 um, 170 um and 5 um, respectively).

[00130] FIG. 65 (A) Schematic structure of the cross section of SWNT-Si CMOS
inverter built on a silicon wafer substrate. (B) Transfer and |-V characteristics of n-
channel 8i MOSFET and p-channel SWNT TFT forming CMOS inverter. (C) Calculated
transfer characteristics of inverter and |-V characteristics of Si and SWNT transistors.

[00131] FIG. 66 (A) Schematic structure of the cross section and circuit schematic of

GaAs MSM-Si MOSFET IR detector built on a polyimide substrate. (B) Current-Voltage

charateristic of GaAs MSM IR detector (L = 10 ym, W = 100 ym) and transfer and |-V
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group lYiH Remiconsiuséerg e 8rauR ertSﬁgl!mr&:[&&t@rﬁéychﬂ%Pb PbTe and

s, BRSBBl RN B M b B g e 200 Bmconaies such

as Cu@bnt 0. dThe terhosamicomeiuetor resieders ingringic egmmaa.fxdiuctors and

extrins i S RRRACIRIDE gfeaa&?@%tﬂ%a%a&&%ﬁ‘%é@? B9 metehpks, Mcluding

semlcdnﬂlﬁ?for?ll‘a@ g@ g rf n‘i’ét@ﬁﬁ%‘%-tw@ﬂé if 'rh%hﬁ% RY provide
confocal  mrcr cop yers are col oF |

beneﬂmajpeletatmc pRpaviisF-a3aiul fcma gmetmapphd:aimror ®Mﬂe TFhe term
bot Vi e

| L . .
semicotighiFioc i eOFS EEPSI Pl cOmAHSIIaA T ghseisonductors
and/or beéﬁts' %&%mﬁc%@ﬂ Rehdlieos isteris diseful Fodindinge wpgliditions of the

pm respectively VWNT devi ces

present mesb@@mlw@@ut @maﬂhw:te@t@ﬂsé@nsm PR 4IRS, A\jﬁga@@N GaP,

GaAs, ﬁ%%g"ﬁp, FARSElas (ﬁ 3, 1ARY SIONS Yhel A1, Il (brﬁSe ZnSe,

ZnTe, (cgsp@@lseveidma Hg®), PYE, RS e, by, NS@A@dAnhAQCﬁ[mP GaAsP
W@ of devices in each |aye gﬂ ack squares:
GalnA ai?sAlcaaes&!g AiGainksandwainAshs Pogeisallicen aﬁgmrductor
f
matena%‘ |c su tsalpg :Eé&ﬁ?’fs}t?f‘lh@Ipr@§é?ﬂ'|¢\%r[1i%ﬂggz?é’§efgrtg sensars and

light enmttw’@ e terjzie rsatch sas( light e itting(ia@éd (LIHRS) £ $alid stategasers.
printed array of 3D si]icon NMOS inverters

lmpur!tm ofiSerRiEORdiisSeT MAtETathare APEIS. GIQTERIR IS F10/RRBeISRles other
S A U
semicohduelos material. Impurities are undesirable materials present in semiconductor
materials which may negatively impact the electronic properties of semiconductor
materials, and include but are not limited to oxygen, carbon, and metals including heavy -
metals. Heavy metal impurities include, but are not limited to, the group of elements
between copper and lead on the periodic table, calcium, sodium, and all ions,
compounds and/or complexes thereof.

[00138] “Semiconductor element” and “semiconductor structure” are used
synonymously in the present description and broadly refer to any semiconductor
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20i nterconnected by electrical via structures. The
' e on the top right provides a magnified view

Woltz?f@%P Pon indi cat ed by the red box in the IEF?‘“@?%’M@W@

materlérﬂar i g{b{%ﬁo@nﬁ%@ﬁo g% re'ggfgssm@?@grbﬁﬂ'@ G{faht}q ingle crystalline
and poij'ta'ystsat!melm|cenmﬂctaraosemlmhchmtm1 raammetarﬂabnommm high
tempelg e P eSS o B OPTDSHHICEOE M8 g, SFRsTIRERd STsRaE
semlcﬁd&%mﬁrﬁﬁgﬁfé‘% Ic%ﬂ%@to‘?‘%téh%%%n@fstﬁt%@ r2iing one or

respective e I nsets provide an optl cal
more additiong! apmicdnductonooenpearents eﬁd))oranm -geroicondiictor components,

such iSRS pvsts Hanaie Ay AURECKR AR TS 8ol

respectively) integrated with a Si MOSFET (channel

[00139&e nghhnt@psbriMiedt thadfis Steichatls aﬁmseﬂmémttb\tﬁbddl)l(aéfer to an
ferent levels of illumnation fromdark to 1

intercopnent eapalie phredendoiig a yerigkieiderces EOSiFAINS $Heh AR §ére§,chmg,

bendln?%ﬁ%ﬁagﬂp&%%ﬁ lrr};i dgﬁeg@% mg)ﬂg d ﬁ r&%ﬁtthcﬂ]ag ¢ g@eiy im pactlng

s otk 5 g s o et omA D Sy,
a stretehat INBIGOnRECHITEY B | 5’5’?‘?@ S & Rty BrlHe PoRla ), Sch as Gahs,

ot e AR B e i iy Bl od S

deformmtarysoscecieos.s stsetr:hlrcg] @bndmige campcessieny. duﬁm thedotercatesect’s

geomelial Shnigiratanod) anEXRNIRIAMETPeEHTE s A ST SicbAPIEC M ETonnect may

underg?oért%]ﬁ Iﬁihgﬁﬁfharpmell% 1@%'&?‘6@(5@@ 3()% w%tﬁbﬁ‘ﬁ"ﬁ‘éctéﬂﬁ’g In an

yur et hane U, tan) are al
exampt@yithe stramlsm@eratadnbaatm’:clsmgm mdeflmgoelaatormenmmme to

. nnhel | engt wi dt h _of 19 200 pm
which $I838CE poubiing etdinie & channel 1 ength,
wi dt hs and gate w dths of 20, 170 pm and 5 pm

[00140# espegévivé cyinpoheat'deuged @b bt’cﬁétl \)Srefémb Sahdividudlecdrepdnent
ranes were neasured at Vdd= and vdd=2V,

within g eleséiGalcpRtical, gnegarieq! qmtl@rnm (d,s()vm@pt%@ponent can be one or

more of pBARASHENS, O, IF Tt eloTRRR YT con R RRANT. Y,

collectipgldstettihg corhpomertte, trafsistor ghtegraieetcichiysortach peb capable of

rece|vu?§§2glj§v?gelspééggﬁn%t@jl Sc:mﬁ 'ﬂfzﬁpge&ése'@?é@{qé’zg&s r&.sq ng@'gbg@amgnts

mlcrop sBfdI % gﬁﬁ@éﬂs 2 ?ﬁ%fl@ﬁ@, q&@?ﬁ! 'A”d@?lgé%orm%r@ﬂ%an be
polyrmde (tan shown. )

curé are a

connem t@one\mlm@rgmmmmdsrasskmmm of the darg au;cblasa:m&\l\maporatlon
cha nej th and w dt pn_and

wire baficlngd GFPUERYan GFePs i sotlbioti Resipelity gxamdl 2Bty devioe

cencref 0 s eV Tp el oy O g Enonel i, and incudos

large ame@c&dn s, Minted wits boardsy integrated oirauitg, device components

arrays, L{3BGe] By sofuel sanoes, ALECASRIREE R, W9fberature oht

i | 8% afy fcE$ colathdr
waniges Z%S’%“ﬁ’ s e s

systemsgranesdisplayBar act eri stics, effective nmobiliti es and
on/off ratios for several of the Si MOSFETs (channel

[00141’“(3 S‘gﬂxﬁtré%@ r@l'?ésé ﬁi ?ﬁ%ﬂ%hﬁﬁp%\gﬁj‘%}‘ﬂgf%c%r{%?lst:%?agm supporting

a compﬁlﬁ*éat (md:iadimgl a devibg conf{ithepbpr bh a:mtbnionmen’;) lcharinterconnect that is
. = 25 pm re 50 en: 75 pm : 10 .
bondegh s ) Sus el FalPE: toh RP BNt (56 Mterodr et B SIGEA ABRtact with

and on/off ratios for GaN HEMIs (channel | engths,
wi dths and gate widths 05320 pm 170 pmand 5 pm
respectively). [00130] Flé‘\ 65 (A) Schematic structure
of the cross section of SWNT-Si CMOS inverter built on
a silicon wafer substrate. (B) Transfer and |-V
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[00131] FIG 66 (A) Schematic structure of the cross
section and circuit schematic of GaAs MSM Si_ MOSFET | R
WO HOBBIO¢ built on a pol yini de substrate. (B)FPCT/US2007/077759

the sut%rrartg %bam'ab@#f‘b %%%[téﬁ rrfz!llgﬁ‘gb\?er é@;g%@ﬁ% gg{g'%ubgtrg%tﬁﬁéﬁe to which

it is boﬂ@@ﬁ/ U&B?ﬁg@g]ﬁbtﬂmpw Cohitrdsd, areasapa bEa;’ d\)/&tjhswlmfal Biovement
relativam to614Dstraley Hifh pabeRday Pg%ﬂ QﬁéE@ THRRIORARS Ja'ﬁe(fcﬂy

coresi A g B AR OO bt BT ncuced

interconhéctieralis an optical device (waveguide array)
5produced via the controlled buckling of an optical

o142 APl 3801l Yo b BT 2 camgpren

that coUB&NRBLIEStFate fidaetdifs 8 thretCE Pt sRoTRll esllaifestaLy whose pattern is
sensor) produced via the controlled buckling of a

governedyubeipatiemn of wiief iratuies grathe subisjratglhered to a
def or mabl e substr at e 10[ 00134] FIG 69 schematically

[00143@! laIHSthé%ﬁ Wﬁé rﬂ:fi‘b'n"% “ﬁ@?gf@ﬁ@h%r@fr%fe% R eRdcture

€ co ng o ernoresi stive

having @ eurosd lcunfoumtlparreslatmg frath thecabplization of arfmm:lel eBent structures
substrate. DETAI LED DESCRI PTI THE | NVENT
in the F[VQEQ@GTVS@W@M Ve ONELIINQr QQI\IS’ ‘%’:Fbr%?“q tcgngqax 539 ions, concave

reglon%r%g'trér@ Birn%‘& s ﬁ*terggi‘é r Banf 'étr?@t\b'ré‘seuééupiﬁ'fﬁ@ WEderit vention,

out goi ng fracture
for exammephayjoeqyrbwdedme coaleeitcm«f@ﬂ!oe aatrinkled conformation, a

buckied CPHAMALBENILH 2 BB ke 0BV N BRBAL R AT,
preferably for some applications strain |arger than

[001447b RéntSteumtirag Usudty 8 sweichebRseriTihterddrtieets Phay b@bonded to a
Some applications strain |arger than about 3% wi t hout

flexiblefsubsirate. mychzs 4 polys®r and/eeipslicabstiale UsccHTferBRoN Wherein

e e S BpBerE . 3 8ind OBl SRERRIE Bl i o

bent rlbtmmh@dlureamiurﬁ@éﬁ straip elfualt@ot rdssdhary aboud3@%i, agtrain equal to
mat er i al Epabl e of est |sh| ng an el ect [

I
or less taamabowio) % astraineapdliedr legs hanahaut éJﬁ%ﬁ&@rﬁtg&in fqual to or
less thé}?épggﬂ ‘% i én'?ﬁodl%ﬁfsc %?i] ﬁry sdtié %EEhéﬁlo‘ﬁ%e% bﬁ@

ween conpon nts are separate and
embodiraenispihe bréritstiuetrecsudbas a bemt nibboh esrcrucmep,emdmdgr arstrain

selectegJMARE FIe DhATHLS ToihEBpUt 20 ha BEUETbRECIER o the range
of abod’f‘ﬁ § o}, % ablgfi’tr 1(?%%'89%% Qé‘l%ct@ﬁ@m%h@'r@ﬁ’gé@ﬁéb@dt'o/'é Y to about

IS require |ca I nterconnect netals may be used,
5%. Aitemlaumlygthlewtre’adnable iene mter@ooogtptermass be\b@ndegéo @ substrate that

nd the |like, alloys. Suit ec
s a subgiiale B piike Poraptent Mo actioelAts e R IS4 LA neble. The
substrdt8 tsEfimidy @ lir, Aibs@ally planar, curved, have sharp edges, or any
combination thereof. Stretchable bent interconnects are available for transferring to any

one or more of these complex substrate surface shapes.

[00145] “Thermal contact® refers to the ability of two materials that are capable of
substantial heat transfer from the higher temperature material to the lower temperature
material, such as by conduction. Bent structures resting on a substrate are of particular
use in providing regions that are in thermal contact (e.g., bond regions) with the
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WO 2008/ 030960PCT/ US2007/ 077759 [00137] "Sem conduct or
refers to any material that is an insulator at_a

WO P8 ®fber ature, but which has a appreci abl ePCT"USZOOW 77759
s S B ot A ot

insulatedrﬂndmrchwsimtlysepatawmm thebsubstradé)st ent with use of
thistermlnthe art of mcroel ectronics and
5 devi,ces. Sem cBndu tors #sefu

|
[00146], JEReEONRog R e T PoLo Ly st S athsoaRaLty g, as the
geome?wcsg%g%'fabﬂi@?es GREFBARREER t%ﬁ?iu%i; a@@&chm@%mwa@kage A

ctors such aisgrou oun
genera memmaect @e@netw gand &sa&bedas@ucgledupr fwavy/' In an aspect,

ot o RSB B By S e ) 4 FBmoct o

exertinged faﬁtw on&iA GiedsHiSAP 8 SformadikssibEtiate ssLAshxRat axhangd th a
roup I'l-VI sem conductors such as CsSe, CdS, CdTe,

dimensigmof esenderhang sHstrategengraigp bLckies fevavesHndiae Biterconnect
vecau Sy o b8 e meXondER RG0S 4 SUpdpo e fra S between

the bo@i&ﬁport@ns@eg@trbondddlcltﬂ@gercﬂm@p as irdividaaldniéo@shnethmay be

rm senj conduct or jncludes |ntr| sic _se uct.ors
defined By aogerinAkare bdeddad SHbS e +2Ad A r@;‘é%n%wqm%between
the en%a U{H? senéfype %‘{Je BBhaLY aLéuNe@C IOF?&’L&Q(I&& reRFS $O RElEGVEl complex

oping matefrals an t ype dopi ng
shapestaehiad sy ah intprapnineet bavied icoiealr morecadditional popggegioas in the

centralHighn R e TeEs 6 dsoera Y S0 Pg A
amplitdeTWHete 8h@ bnisifldOBSHEd iR AN ingiaai Separafien tistance

sen conductor materials useful for in sone
betweeapiiie intarcomzeaifandibesubstrate surfanst i on i ncl ude, but are
not limted to, Si, Ge, SiC, AP, A As, A Sb, GN,

ot 580 bl B i S g

intercoR &6 is H0ShbdtPShapibhtercbhrectAl“Ritfison” Abfend\so a/%lubeiéntlally
&AsP, Gl nAs, I nP, Al GaAsSb, Al Gal nP, and

rectangpbEBaRed Frass-SRSHPD RYING B thigkness anda a\f'%thus%?%ﬂ'f% dimensions
dependBR!thé Yels gé CBEHQHW ﬁ[’cﬁﬁﬁ]&fh ﬂw@‘fﬁt’é??&(hécf‘ tﬁ@ Fr,;ﬁ:lsﬁlo‘ﬁfof the

sensors an materi a suc

intercoanett amy thd ma*abe( cERgrecamects Ielettmtawg:dnaeemg adjacent device
251 nmpuri ties of seniconduct or rials.are

COMPOBPBHL T, EXAERICARRINIFTGRANEELNEAD fiaR Fonfidiierifn 8ohnecting
ad Jaceﬁ{eﬁbrﬁgaﬂiéﬁ&%ﬁgﬂ%% 'd"f’fl’e(rg?\t &H‘ﬁiﬁ%ﬁéetﬁaﬁra ﬁﬂﬁle‘iﬁfé‘&éxﬁﬁect

sem conduct or materi al npurltles ar e
connemim@mﬂaeéﬂtesammm‘rem sAgcerskmgly,i thestimieosiedaceay be of any suitable

s B e S e AR bR e B B ot

betwedH SP&%M LifA Aredl1 tcen @ﬁdgﬁlﬁknéﬁ bétve e BhdR Bal ifm to 1, or a width to
I ncl udi ng heavy 30netal s. é1netal inpuritie

thicknessotideangiog feore betveen abolew 0071 ande0.§r oL rafio maéiﬁeaﬁ@t 0.01.
bet ween copper and | ead on the periodic table

o012 g Mr e B S B 2P raneg o

deformeiesnd AT b0 leadt baetially eto ity @rlgiﬁabbmgmumutﬁlmstantmhe
present description and broadly refer to an ¥

permanemt defaanatien. Elastomeric substrates commonly undergo substantially elastic

deformations. Exemplary elastomeric substrates useful in the present include, but are

not limited to, elastomers and composite materials or mixtures of elastomers, and

polymers and copolymers exhibiting elasticity. In some methods, the elastomeric
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WO 2008/ 030960PCT/ US2007/ 077759 material, conposition

or. structure, and expressly includes hlgh qual it
WO%‘?“ﬁ@f"Q%ryst alline and pol ycrystalline sem cgﬂwg%%?lg77759

substrSBNE pREIHAHEd vizBd ﬁ’fécﬁbﬁeg??%aﬁélhﬁq%r"é@éﬁe% of the elaetlc substrate
t enper at ure processi ng sem conductor materl a _
along meganmoranpdncm gzes. cFeleexampkeu prestrairing ncaynpe pravided by

m,con tor d struct s _having _one or 5
expandp 4 et ShapT ot AEn8 alispaxds nidRo SXhaATigR 1Y ataa
d :recticﬂ?fb SERa6AN %rﬁfspﬁ@ﬂ@é’lneﬁﬁ'fa%e t6 Yriatasirigce! @Gte'i‘rhé’tlvely, the elastic
| ayers or materials and/or conducting |ayers or

substratetreay beexpaodediglong & pluraliyroiexest isaexample via expansion along

fist ang esBhf MR EraogiE bR Ritled el W Spln B aveai ot

prestraamdg etmicrwbetretesaﬁa shectiaherng préadieyexpandionrof the elastic
ression in one or nore directions wthout

Substretev@@y@e Pendinge rolirg, fexing flafteainge Bxprrding Qr ofieryise deforming
the elaHESH ét?&k Gl‘?tedﬂgt;etrsggﬁhrg%ﬁ‘@an% &Y |n%ﬁ10‘e%rﬂ}89ﬁ§%r}g provided by

CCOT I ngly a e I nterconnect ma
raisingdhe demekedturecdfthirelagticesutatrate, atherenycmoalshr@arm theretal expansion

of the elgstécl: gytgq% atgL °§tg§%2$ L@éﬁﬁ’ y‘f %g?é’éggrétel\ésgngqrf r@t@gﬂﬁﬂégg but are
not Ilmﬁ&‘i‘% rtﬁerrﬁ?ﬁ(@) f?t?éla%ﬂ:)m@r‘ée sfﬁeﬁE?nétBF@FsCB@I‘&% Cterla[s polyolefin,

IFguratioh. ”I'n an exenpfary enbo
polyurethane m@hwﬂlmtumlasmmeppolyamldlemnsglem@ucmbtwra PBh@%,r

polybulglfighe danisoRndene, BpitregensyadisheryirenpE matiurEhiages,
poWChMﬁQﬁ.@hgl BAd gh@gﬁ@gen Cc substrate to which at | east a

port| on of the interconnect is bonded. [00140] A

i ce conponent” is used to broadly refer to an
[00149] noﬁSVamumdeﬁaﬁ@@ﬁeﬁF Mt Honleagths @t&ngeéiéromdptat ¢est) to L+AL

(under%gl(:%”gﬁafbrc%r pﬁﬂgtegﬂg d?ﬁn"e{@%o a?é[ﬁé?tgﬁ ﬁ(gédlfégr% R8fing" Axial
strain m@oe@uﬁd@applmrad agbtof ohd egtbstraté degentiatg the displacement
onponents, transistor, integrated circujt, contact

AL, Stb%la rea&em@e@ate.detaémefgaeof@&ﬂnés ROWRRAHIORS, SYEH &S fiheRding

force, éjﬁéﬁt@?éss:\‘?é Fortd tg &'ﬁﬁjﬁam@ UHd Qhy %ﬁl’ﬁﬁﬁtﬁn thereof S rain or
rocessors, transducers and co i nat1 ons the

compre?ssatmm aieoberwnera'@d bgestoetnhaagtmdurhred cueface tmarftat surface or

, cont gct S, as, the a
vice vefe heyel hovas (e obaimeo s e JRiTand senang from
negativ‘é’{?@ﬁ%wﬁdlﬁ 5D grgﬁﬂéﬁf‘{@i@ro (RIS%dd & (}t@ Pishfre
geherally re erst evice I ncorporating a plurality
(correspbnding toeelongaimmeon stretalidg).ncl udes | arge area
el ectroni cs, pri nted wire boards, integrated circuits,

R e S I T e T

which ﬂe?éttsatbltﬁél rat® 6f étreﬁtoadtréiﬁ |fcbr HHiveh FL@etirical oY QUngy modulus may
di spl ay arrays, opt| cal collectors, 30 systens and

be prO‘dd@@lbWEeeP(Dtﬁﬂiﬂn Substrate” refers to a materi al
having a surface that is capable of supporting a
conmpophent, i hcluding a device conponent or an
(sttesg)er cOBNecE| An interconnect that is "bonded" to tﬁ
E=(S ] gexr[g ers to a portion of the interconnect i(f)
' physigal contact wth

wherein E is Young's modulus, Lo is the equilibrium length, AL is the length change
under the applied stress, F is the force applied and A is the area over which the force is
applied. Young's modulus may also be expressed in terms of Lame constants via the
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WO 2008/ 030960PCT/ US2007/ 077759 the substrate and
unabl e to substantially nove relative to the substra
WO 2HBH03¥&0 t 0 which it is bonded. Unbonded port?S"ﬁ@&qOWO"ﬂw
equati ntrast, are capable of substantial novenent relative
§ the substrate. The unbonded portion of the
;A(’Me{zppnect general ly corresponds to that portion
W’ bent configuration,” such as by (1)
strai'n-i nduced 5i nterconnect bending. [00142] A
wherenﬁ%”ﬁ@d‘%@re'L%mé%Bﬁ%ﬂ% QRAPSIng Wdﬁtﬁjss(&s'hfgﬁtrﬁodulus”) and
refers'to a conponent that covers a substtate and
low Youegs medalusi{pedodi mo@\lﬂua ﬁare relativé desaripiors otbeanagnitude of
averne tern f,relief feat Lres
Younginbflls i aiiie avatprgh e of BeiEec off bk iPrisentifierton: a igh

Young@aaedLRs! |§lhrg§r tHepnd Id%@%bﬁgfs%béﬂlusr@feﬁér‘ébtyoalﬁ)ut 10 times larger
structure 10 having a curved confornmtion resultin

for sonpe epphmloappmocaprefﬁraﬁ!y abput tQ0 timestlarger & m@heeapalcatms and

ove e REEH50Y, AR Tp S 08, G BB Skible comoen

surfacé Shapenhteodistairzry ®ppolyRestizirg] an @lastmetlﬁa'fnng a méthﬁy-varymg
present invention, for exanple, be provided in

Youngisgnpeeus @osmayt leyering aﬂﬁ@'@ﬁ@@lﬁ"d’ﬂ @pmq? lyersin various
locaho@%ﬁ%i{/fggr ﬁé‘ﬁeﬂ'ﬁ%ﬁ@land/m a wavy (i.e., wave-shaped)

atron. 44] Bent structures, such as
stretchabl e bent interconnects, may be bonded to a
[00151]] eRobipeessitrs is asex] henedhires nearpErsireifardodhe streir bt epecifically

ers QS TR DR S Bl bt

substré%@”éu@ﬁﬁé‘fh‘l’_r@O such as a bent ribbon structure, is
under a strain equal to or less than about 30% a

strain equal to or |less than about 10% a strain equal
[00152] 0 ‘Gractessgt oniiragbael rafessmieda ahysieali hrealyirafhe ipteyeomuect, such

that e, FiPrcol PG Tk c3dane TRIBHIATER] BeBiRarbaffudflverire

such as a bent ribbon structure, is under a strain

[001533el Acp@wbmrafmmﬂesmeah ersferyd toadysatial Bppiiciation aflbauidingO%teans to a
strain selected fromthe rantgq% of about O 5 %to about

supportingsubstgiessuifans and/agtor thenn @W%S%l{ AFosHPRErEd,
lntercolfﬁﬂ?@lkﬁ’ég bé’/ eamr% %ﬁﬁlb dbe/o&c{ Fé%so?’fé Fh"%’ %at , Eor example,

erconnec 0 a SU

an infemdnsiecatiat &f bmut@xto:m ecaubstnadan & its end:lsu dnd gqoh bendsd irag eentral
is itself e substr

portiony, & stHeh aaD s, soGHBh s BASSIETR B RLPYICE S 9 B0C Riape Sone B8 within a
centra!%ﬂﬁﬁ&n Ete) th%f%ecﬁﬁf%é}ﬂi gﬁ&lffs%@tde@tlﬁt%ttﬁwéﬁm&%@htral portions.

i'nt erconnects are aval ransferri ng to an
Bondingrmeeans nen énciide adbesmemﬂc&)eswbmepamrs,uweldeepmtaﬁtéography,

photocleable BhivEdtdl Sergralnfans st A behatende b arftty bt
techmc{ug eaNah€ may BadebBerited ﬁﬁt’énh@'ﬂ?%ﬁﬂ’é@é%oﬂﬁét@ﬁ W) @rédcapable of

wer te erature rraterlal such {econ uct i1 on.
providimg strosg @d@eaW@s‘ormbetge@n ‘sabstrate arari 2 (§5g., interconnect) and

suﬁac@ﬁé}chﬁ# (\@f&@%{é ?réé’ é8ﬁé%g§gor{c§g iagﬁ ieiitaaﬁlx 9{%5 A substrate that is
adhesively patterned in lines may be described in terms of Wy and W, dimensions.
Those variables, along with the magnitude of prestrain, £y affect interconnect

geometry.

[00154] “Spatial variation” refers to a parameter that has magnitude that varies over a
surface, and is particularly useful for providing two-dimensional control of component
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WO 2008/ 030960PCT/ US2007/ 077759 substrate and ot her

regions that are not in thermal contact (e.q. re%h?ns
WO 29050396 | nsul ated and/ or physical |y separ at 8HTASEI077759

et 48 8 oy P Bkl AR RR ooy & oo
devicewonspamntf aci | i t at es i nterconnect bendi ng or
stretching w thout breakage. A 5 general interconnect

ot Egblo Epa iR ok obsS Gl eiiruien pSBRbsalrion
atoms fgﬂg%vﬁ% 8t leadt &id 8 st 1R i4 PERISEORE hahymetdrid éhe

' orce on an underly ef ormabl e substrate, such
micront Hatareermbeadigeentnatieashems disnengion béthenerrbby inagomaterial is

vetvedi 3314 3 40T, S e W i blimngncon s

REfdd ranoRSh eSS NTE R, maridalled irandtUiRis W NIT@ )t ihorods,

as sin%@ ! |
ound portions are not bonded. Accordingly, an

single walled madar multiwales fidlerenrs, asephits, igrepherie, &aron fkgrs, carbon
. ! a tral
films, %E???%%{%&e@ @%gﬁ’éﬁdéﬁgr@%@aﬁg‘%gsu ré I at e- bonded.
"Curved" or "buckled" refers to relatively conpl ex
[00156] hai8matiabalidnessS réferato positons anetr onientatione né two omonare

Structuie st R BT MIPdeRons 1SR AnG . CoPRIGIY GUBNes spuctures may
have pgembﬂg afi/oh tr?ﬂﬁt!&r{é@ﬁat AhehRsbRR G WAth hE§iSect to each other, for

orrespon e maxi mum separation di stance between
exampte) resalectedrio edthirad anichen, quretarably dossorha@pplita@ionsp within 500

nenom GO REEa AR Y MR S50 bRferrs

i nterconnect. "Ri bbon" refers to a substantially

[00157] ecmgwg?heéhgseﬁwi@dmwémwwé maLlEcérhpoheetsstructures

and a width. Specific dinmensions 20 depend on the

comprigisgi @ semigsingustanin combinalioghwithenedr enersratbet Materials or
structuf%‘gﬁtcﬁér' n‘?@’&egifal(_ﬁt %@ Hﬂ@gtpf&nﬂet% c%ﬁ?e)& e Hjﬂé' %E{:ri;gl;o\ﬁ may

conne y connecti ng adj acen
comprie@ rﬁ!@ﬂ@ﬁ@ mdfeculex ang !cempﬂaaxésﬁaggoegmes and paatidies Weof, that
_configuration connecting adjacent conponents nmay have .
are d'ﬁéfﬁfﬁtéf%é'ﬁtth% SRRvEAnehEiar nrgmé%ﬁw ) ei‘iﬁ’t’@‘?'@%‘&' as materials
: o ; .

anclor SHIERELS AR ARl SMIER SR A5k gl ssts e
crystallines sensiblystadlirecor amatphousdstetasy Usefd hgéereganeays semiconductor

W, dt hs t hat bet. t .10 d 1 d :
clemorf ke B5pbcy1 B ol S S o 5B SR8 sructure in

' o 1 ' ti .
combzﬂéﬁ?ﬁ%ﬁﬁ*ﬁéﬂe@%bﬁuéﬂ{&lc{& rhE&nde |M@€&|F8?1§P8edoséh%oﬁd%tors (e.g.,

, or aratio that 1s about 0.01. _ _ .
N-type "afidaR typeedopants pand sathprangaomatarials eslilers ereaii disteskic

.he stretched or deforned. and retur I
materiglS aplgh sjUeRy 86, &% Ao PnaR iy enlbr SERRran, Hgterogeneous
semicopRUBRIrER1ABAtsASTRE TRédett indrARhAABILEE shubRire@haging spatial
commonl y undergo substantially elastic deformations.
homogereays appesiionsnsudhcas upifennly slopedaamicondugier gFeceias, and

nctace Sl Ming s oo haBih A o BRL 0 3:8A%s somiconductor
structuRst VABRG dopenBORith roREentexdnki thahearglspatialy inyond, twe@rehree
net hods, the elastoneric WO

dimensious(ics egswtielly inbpowgenerpsHanans disttikution ipthe sernisrnguctor
elemeﬁfta a mechani sm provi ding for expansion of the elastic
Sslibstrate al ong one or nore principle axes. For
exanpl e, prestraining nmay be provi ded by expandi ng the
[00158¢| dBté mventien nayeba fotherarderstoodbydtheifoltdwidg mgn-limiting
expansign in a radial direction to transfaorm
exampleshi A pideendes SUed neeeinars hery bprraiated By teference to the
Alternatively, the el astisg
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5 substrate nmay be expanded along a plurality of axes,
for exanple via expansion along first and second axjs

WO HP¥H8%hal |y positioned relative to each ot Her /ORI 7759
extent g{)t |Hb§r§§|§t%hf‘bvﬁﬁ thd c @é’ﬁ%fé\ﬁﬁr?smfh@uqf?ate S StiBtion herein

ng expansi on astic su ude
containgendnygpecifititiesighesé skonlg, ndtbet castiugd &sdnamdg fige scope of the

. . def |
inventics) Bt A iary oNRE LG aiet o i L Restafyprstered
embodm{%ﬂtg df %éln%nh@ﬁ TrRERRLAE & th@ InvichBof lsASLIKS therefore, be

strate, thereby providing for thermal expansion of
determirted ky thet dppendest ¢laims aml thaiveeuivalests, nathen thanby the examples
present invention may include, but are not limted to,
given. thernopl astic el astomers, styrenic materials, olefenic
materials, polyolefin, poI yur et hane t hernopl astic

[001 59!3I aSh® MRstRod Fer maﬁhgmckmméw? intergbanscts RDyBnerally
ybut adi ene, pol yI sobutyl ene

summq@taeyo@ﬂ@eﬂleﬁbme&ahf@awr%t r(étrh@f) as gangtat fgaierRthat will be an

.ntercoﬁﬁgé}k%3%9(&@&?%@@8@@' dégg cohﬁa%ﬁ é]m&a[)%aﬁj Sandlor

substratesujfates aﬁe%piﬂmmaﬁlgrtr@becatml reddcéa adh@slomsach aALbyl s

oo S ST e koS A SRR il bovoon
{
eyl getai i g

mechaalsahsd:ré:m ngheonétal feature %Bpehwedemﬂba @@mpitaghe@stcmjer

samp 581 Es8Nop RkrOSFRIEY 83 ABFRCH po ool eature 0.

wavy of B[J&ﬂ@d Yeohrar, 49, Benedtichbf thebuckles'is provieed By stamp 30 that is
Level Of strain" refers to the magnitude of th

under siraimwhearibecaetat faajeref 1his netiiguadvand awmmﬁwﬁlgamg the

sopicd BEBEES AR EECRa it S 20 i R riven

25[ 00150] "Young's nodul us" is a mechanical property
[00160pf @neekemipid of deuckiedwr wayemerdlifedtureegensrated by éhe method

summarieddn & 1God s BoWRy BB pRobited %9@5 Sa75h 343 sirptchable
wavy/bﬁéfgbﬁ%?écti&étlﬁt%{ﬁandegt EPA%)rPﬁeﬁ y retfidationtal r@q&/ 8Ubstrate onto a

e equi ri um gt AL is t
pre- strémedl ﬁreiblaaipje FOMS@bbet bebstpaibiddd fdtaw&dsby releasa pkthe strain,
rce aptgas ‘]ad and A is the area over which the force
therebylydgﬁb]g, KIR@ung' s nodul us may al so be expressed in
terns of Lane constants via the WO

[00161F 008 HREIREE A e Py (vavy SBrBtchable electrodes and/or interconnects is

provided in FIG. 3. As shown in FIG. 3A, wavy features 22 are prepared on a substrate

20, such as by micromachining processes, for example. The substrate 20 with a
surface having wavy features 22 serves as a master for molding elastomer stamps 30
with a corresponding wavy surface 32. Metal features 10 are deposited on the wavy
surface 32, such as by evaporation through a shadow mask and/or electrodeposition.

[00162] Fig. 4 provides one method for fabricating a smooth wavy elastomer

substrate. Anisotropic Si (1 0 0) etching provides a substrate 20 having sharp-edges 24

(FIG. 4B - top panel). Spin PR smooths the sharp-edged valleys by depositing PR 26

in the sharp-edged valleys 24 of substrate 20. An elastomeric stamp 34 is cast against

substrate 20. Stamp 34 has sharp-edged recess features. A second elastomeric stamp
39
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equatlon p(32 + 2p) E -(I11) + wherein X and p. are
Lanme _constants. Hi gh Young's nodul us (or

WO 2008130360 ) and | ow Young's nodulus (or "low @Wﬁ%ﬂ"?‘””"”
36 is cérr%tgarf SlaRip X% tGGeREIRE ‘érs'iaﬁ’lfp g@%ﬁ#\‘ptéfﬁeggﬁee;ziﬂéoﬁ%nﬁo 36 is

I'n a girve materi al
embospeémﬂmSmmand cured as gpprnpmge sSpuddR26 smobthsgbe sharp-

ez 585t 1 LRSS BB Y B0 B P s B Soot

valieyslc@.]ﬁétl‘ﬁé 3035 8ol ed tPFd VRl é%\)ﬁiﬂd SimdofsLrPARN3ZDr e
preferably about 1000 tines |arger for yet other

appl i cations. Conplex surface shapes are obtai ned by
[00163] 0| Fi&s 54-suigmanizes aaesnethodofifakricatiopafivavystitaielalig electrodes

o ceobf e IR Y st 4R D 8 il curng e

stamp,dHrid ety ehesferrg the dl@&ﬂcﬁﬂds mherma@teonpm releasb FIG. 55
herein in a manner simlar to the strain,

shows §pages ptalreighabiednstal slegtioges dAundeo agt thl% iouFBLERMS

preoar 4B SHAAIE L FIL Euph Moseth o 865 e 12
shown betweesn tmetal febise ddl arg sabstraie 20e Interfacedri2amiay coogirise
material ek PRIAT HOGER T ool FRREs] LAY BEMRrR IbRUBiAR N the
bottomsdérfe?’ B'h@flfro%é Retist Ligds: %‘Pﬁ%ﬂectﬂééﬁéb Q*X@%%s@m%aéﬁin on a

a 'suppofr’ting substrate face and/or fo
thin coamgéotSbiﬁ&dﬂmstthat plass susfape s cernpletelymuere&i:t Bhra@ slide/SU-8

o copHF RS S RAVRENE AES Ttk SlbS il B vatlys
and shﬁﬁtbéééléi)%n@t%éﬂt@éﬁw pRIsdURDEO BRatdRhif Pocketeaké Pdmoved. Flash
portion. Further shmfez control is possible by

cure thprasampimgldegirustisnetunsiedia Wyriamgi foe3d senondaoaéhe irgnt side, flip,

ot ol i T LR P RIEIRSAE. Abof kBt

at 65°C fstl SshnLagE e piftee Bake HIRwW S'@mPreel@lem e room |t@i$zperature and peel
ibm ol i t hogr aphy, phot ocur abl e pol %@

apart ShbRdneld: mﬂﬁ\ﬂéemaatqreﬁ#éé wil} ngw, \reewvxsfsua‘@ce Telief with sharp

edged V&f qﬂ?@mo% egﬁ}"ﬁgs v%ﬁ%'n*?ﬁ%rf r‘?SﬂFB % with 1 one EA§>art SU-8

surfiace-activa as capabl e of ~provi
thinners bn@sgiresthashigh RBKCies SDaegerds s Hxposate Uahlmgrftéart 20 seconds to

cure arichaOsidhAke GE STBMGERS 365 (ol QPS EPyl GRiiRl MESTAantaes are
soposS AR, LA ahd i, g chesorton
throug?alacsh\gdmmﬁastm eTneattiie métal oh PUBwithiMP TS for df hewrtand then cast
cs:lastomtgrlée gu Qreﬁe against it. When removed, the PDMS has wavy surface relief with
smoothed peaks and valleys along with transferred metal structures. FIG. 55 is a
photograph of the a wavy stretchable electrode made by the process summarized in
FIG. 54, and also provides measured electrical resistance data of the stretchable wavy

metal electrodes as a function of applied tensile strain (up to 30%).

[00164] An example of a smoothly wavy PDMS substrate 30 made by the method
summarized in FIG. 4 is provided in FIG. 5. A device component 60 can be supported
to wavy substrate 30 in a non-wavy region (e.g., substantially flat portion) and
connected to an interconnect 10 as desired.
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30 geonetry. [00154] "Spatial variation” refers to a

araneter that has magni tude that varies over
WO 281030960 and is particularly useful for prov?ﬁT’H 2007/077759

100163) s Cpf TR BT PR35 11 o7 SRORATED ey it € sharpredgg valey o

recessrfeawrelumgmpmin RIG c@nArsilarp eeigetisabbtrattadd (FIG: 62X) im smoothed

by SPITENRNRR & PhRTOUTS e GROXY P 9EERARra STIBLTIY MayY substrate. An
elastorfiBFTY. gls'g’r;ﬂ\tﬂﬁzt%%ﬁp %bcﬁéﬁn 4 sFﬁBﬁtﬁI g‘rﬁﬁ‘ﬁatce%ﬁs obtained by

betme one nan and one
castingra RRMS dtampragaimsidhesobstrate ofFS Ganwdj Bulpsaguentlyfremoving the

car bon N rial is between 2 nmand 1000 nm
stampéﬂ% rﬁ%ﬁﬁﬁ"‘ ‘ggga"les i nclude al |l otropes of carbon such
as single walled nanotubes (SWNTs), multiwalled

[00166]anPlGibiE§re(deNMFbapH$Qﬂ<§ stistchable diectisdd. IGana/ioa photograph of
nmul tiwal | ed ful lerenes @%ra hite, graphene, carbon

a crosg-peelian oz alastqmern%ubs’s 930 havirigce wavy SitifageAfonklG. 7B is a top
view mitﬁ'ﬂaﬁié!@&re ¥I%tc¥ 83 n‘iéskft{ ngevaérg%ﬁgéﬁéml ‘?}?%%1 tRb wayy elastomer

ers 0 PO orie 1 ons
substradtesuiaceB2e Fie inage’'s Sodad plare 8 atethienmdkeidfline espgcelief. In

FIG. 7§ ot PEAIARAILPh 316 BRISHS: QB tvasy Tl Fibe LAl hterconnect
10 is lrf‘%lb\?&r[cﬁfg&ithcfwztﬁﬂ?@e%% rab’{5‘0r W%t@hal@lb"eﬁ@&%ﬂ@% deposited

m cron, prefe for some appl1cations
by evaporatiohtthroughos shadowinesk onénd smmcﬂhhyrwea\@r elasipniensubsirate. In

this exgﬁﬂeie%@t | %Zr e t%énmg@??ﬁ%ggﬂgﬁg&@dl cgqr%loe%}i?/ig via

trSteh e SEURPIOS i Sergigrem conduct or
mtercoﬁﬂé%ﬂgmﬁf%&t h%o%t{aﬁjzér] nor e otlher rlraterl als or

structures. G her materials and structures in the

[001673 onTe& mashodsasd devices slisalesatiereimmey e esethiciiedricate a variety

o lec RO s b BB 7 SEraARh SRR R = ipiny
(see Fl@l&h Whey e@cﬁrodeﬁi(ﬁe gednte&l;m’mm mwaﬁdic@nmdtfpaarm)@rre patterned
structures having i fferent chem cal

on Moaﬁl@gtgmeﬁ:ﬁﬁq@gpt@t%g e qavice crppaenent ﬁmér? this case ?I[ED pixels) are |
patterr%@{?:r?fﬁé%é’vy éfé%tr@ﬁe@%&@ﬁt%#ﬁg?& ?beoil)traﬁsﬁfﬁ Hllmtlng JThe two

Fogeneous sem conduct o enment’s hi's a
substrdtes 30rereracc0fd1mgiylasdenm1ed suchy tat thes mhemondedsdro run in different

onentaﬁtg%%ﬁﬁ)eﬁ)gnclzl {(]:H {%?'ng: %Ms&eﬁﬁ@ %.ﬁ[é ly@% o nﬁ lésgj'tc-}?érhabi!ity of such
a pass{YelHBRXAT e(@é@f@wmrgtéa IR RIGCY! h@pd@.ﬁaﬁ 1Bbelgbitle ® stretoh

lelectric 25 materials and
uniaxisdly ranct hiaxially,dhel dcmmsutstcap@bnlmoéswbatantmi @/e@d |ng W|thout breaking.

sun o8y Rt SRS AR KoL EA L oGOl t cumea

su rfacésol%t ﬂ)r%HuBé’ RDEREALErEABRIRYIces UM fob Htdresratibh firtb¥nyart electronic
doped sem conductor structures, and include structures '

fabricsignismaypat i al i nhonogeneous conpositions, such as
sem conduct or structures having dopant s VVI th

[0016sf *ORESLEA e%@ﬁ@%ﬁia}éﬁWedsglgé prgb 53%.&@9&516 10. FIG.

10 illustt@pehan darsiticiabeye adompriging aﬁeiﬁolfg@ntbmmod rdderm'mw distributed on a
spherically curved lens. Four different views of the artificial array are shown. The

requirement for stretchable planar electronic devices is schematically illustrated in FIG.
11. In order to wrap a planar sheet around a spherical surface, the sheet must streich in

more than one direction.
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[00158] The invention may be further understood by the
follow ng non-limting exanples. Al references ci

WO RUBEBY%r e hereby incorporated by reference £6 @Iﬁ@0§877759

[00169{° ?RQ%) %%QP{E%{ {yﬁ%@@%@%? ﬁ%kﬁﬁ? §§WI {bﬁbb Ig byckled.

I"nconsi s I'SCl osure
semicartoimrsarraytamablé ef eonfocmimgaionsurvead guspess. fThlntSKESements are
d as

Tabrical el iR AIRGCHR Ao TANGREPS TIgn SV & SHEST B St as BRCiIGhtrated
mothe'?%eme?aﬁeEgSSﬂ%'% egft§ fﬂr@&rﬁﬁ@@ﬁhgﬁgﬁaﬁ dé’é LEAB) and UVO

I nventi o sScope O the i nventio )
treated HE)M‘S Qpanelhﬁe)) 5 Pdesteaimisipebvied indwapgisentiods casillustrated. The
bondigs Py GRS e RIBHTY DI ARISHG AR Snen Vay Sxebie appled to

the Si RIS NREEUbstrate] R B .| Thé bBRBINgZAEahS isapliet: m/é selected
metal feature 10 (such as a metal feature that will be

patternago thatéhe &hhaa bpnied segiond duatomll semalisinrRhysicad conta@t with the

substrB 1ot 1ERREh) AT bier (PIPnRin 2both RARIGEUH gERg pot

physicahsdrbsiwity trapdybstratevd.g., aegiond aMatesrs.noh beaded o Ia@@ weakly
crack) 25 is introduced between the feature 10 a

bondeé reladvia the adnesiva ioica he kand waiRns)niThs, P@ﬁ'&EWﬂﬁg substrate is
remov@@ﬁ oftf tHE: sﬁﬁlstrﬁt‘ér %U?aleTﬂgtt@e : S%rg@%Hggetﬁpahéys (panel

I'eved W a conp | an '
(iii)). Lﬁldnsmlmaatbnctﬂftm Eabstmtedfom he-2ds tanip 1B ijerconatets 1hbuckle in the

weakly Ay eﬂ%&ﬁr%a PR i do Pt oniaaraypn STiETRaS 8 fatice
compo{'rllﬁgtJ gé gSts’e%lEor‘l\ér'ﬂ‘gfl oft 8Fcoih pé %H‘fa‘ﬁ‘lslgoﬁt?ed fbtt'h'e%%@trate 30.

quent Iy easi ng the applied tension, or
Accordlmlg‘rw MQIecgrm;emnpneﬂsdmt lmparhﬁretehaibtllﬂydatﬂue entiee array and

speciiGgh e Etenis 48 Too e S Bh e A s s HEk i hiffonens
60.W|tH6|u@bréaH|ﬁ? sl eoﬁta@t batwéar&orapbﬁemsmo'tméap Prévidiag

stretch e 20 wavy/ buckl ed el ectrical interconnect
conforza| carabity by qusved sudace pombendagledssyiassirate onto a
pre strai ned, stretchable PDV5 rubber substrate 30,

[00170@ t@“ﬁg& B%sdggégeﬁt-ﬁgpfjéal #ﬂg OrBté:gwepB%f%bE{uéWé’ngtrE&chable

silicon shfagtug lagéjhgle@rhb&drﬁ@asatm‘lm (tbptthCp“Hmedﬂ)I grid sonfiguration having
ovi ded in

a plurably G eoneEiset P R GE 160 BPROBIeR pANE ALY el configuration
150 (b%&rﬁcr@ﬁ g'a . a@g@ﬁﬁﬁf firesel Ha @Q‘pihferc%l;ﬁ‘ecﬁ YRS§ hicRied in a

avi ng wavy atures serves as a
centralmecstion, with |martodnngcteemammhedttarmsorsect/\madﬂa The interconnects

o cof s AT RS SO AR il MOV Sora
numbe?tﬁ?@ﬁfe?é hiQRterE5rHEER gBo ﬁt@ﬁ@é’\af@ﬁﬂﬁhélqﬂr&)"ded in FIGs 14-17. FIG. 14

el ectrodeposi tion. 00162] Fi g provi des one net
prowdéaneief:ttbn intigtasegpit inagestoshow ebasmd)t@klesioorsw@\s}t intereonnect 10

naving R i Sheon BRNHL 3t B 1Rl Boori el 1BS TR’ @t porton

is in a §@ﬁt0édrﬁughm@ﬁhaemuﬁlwdnaal1lm dinnderestiota 868vibRcdfmpohent, in
he sharp-edged vall eys 24 of substrate 20. An

this cae¢ aswontactinadsiGegpabie of establishipgi atectricalpontagtavithoa device
compoﬁ%ﬁg?glﬁé mq%%gft Eﬁ%tp‘[ ¢ Qﬂ& %oﬁ?a%? fﬁadfﬁaarlérs%ﬁ)poﬁea GtPe<ubstrate 30,

such as an elastomeric PDMS substrate.

[00171] FIG. 15 is an electron microscopic image of adjacent device components
(e.g., contact pad 70) connected to each other by a plurality (two) of interconnects 160.
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39 WO 2008/ 030960PCT/ US2007/ 077759 36 is cast on stanp
erate a stanp having sharp-edged peaks. St

wo g@s"oé"gg(}rgossed with Su-8 50 and cured as appPolPP2Y '2(%759
CompeE g TR AR e R Rkt UBVRe Rompitingpts 70 can
be conasviatiitoond anctheSwpehe ar en@e mtem:cmneomﬁ 0 to promécd addltlonai
flembﬂlﬁ% 4@%}3%3@%@%2 ogﬁ:;’c% &,y 8:',-3 6323 85"‘\%:9\??”" or contact pad 70

havmgsat:‘e?étﬁ)egpibsgtﬁgo;c{%?ﬁm@% BYnSRPES He Bt Rf‘at?otﬁ@r"é!eﬂééESﬁ”rponent

ng a tanp on that master, curing t
by mulpleriptereortheckeer eby transferring the el ectrodes to the
mast er upon rel ease. FIG 55 shows inmges of

100172 Efeh MR BBk Ror hiEHREORE fBde o IfeRBrgfihat forg
configubtatibn 150S A fidraFténtiftatiomtiecbagastlidz ¢isd &onfiguration, has
bet ween netal feature 10 and substrate 20. Interface

interconnectswyicotahin meratas: g lopgiydinakdiregtianes It B examete. there
are foum?ﬂﬁ Incl 81%#&?3??3?1 Pﬁ%a?éwicﬁotﬁélééﬁér{t%h@ﬂ dsrb 2d 70 is

t
om pane Yy, one ne uses re-c

capable'of onizicting didgatedly-asifaoent dealcemommaglmmls‘:‘ekémnﬁ the
| ass surface |s co cover

rereos e Sh SR PG T b Uvien Hioogtadngs 100 and
d
110 thé’cea'?ére"?é’ct gQ&iHne% {oy eabuiige c%rﬁﬂéﬂggﬁhe @o %@mﬁh@%y dividing

pea and gen apply that "a
centraiqmrk@t 90dmte twermmrebondechadgicns 82 éachsihavipg addant configuration.
structure under a WV lanp for 30 seconds on the front

100173] i 12, S arCAlgeorhieBSede Mok S BeRoPBr G A ndia 2
bridge boFfigurBlion188. Ir?\fatlﬁ[ddéf’d@ﬁ)ﬂgﬁi'étﬁm aiiRige dented pbriioh peak 120
room tenperature and peel apart SU-8 nold fromP

from whighttbree @LmerwmercnnmeetaamdamW@ tharatren. eIF¢re¢xam@lﬁ, two

vrcofGE8 (38, FISE 18 oo i PR s S A€ g four

intercofifiéct entisaxtéhding tdfefrom. OPostrasitiaitiolowiase the dbVickicohiponents
for 20 seconds to cure and gost bake for 3 nj nut es at

are in stgggerasbarapgemaat e prakd Qrmebhaa%t@es@dée%%n iag
.a el ik 1 OF
ersth, 55 EoSC SPRRINAETcR251 8L HAREBH Bafcen devio
compoabraidpomors kharlfeemtends enay erfendrirdship@akii20. MPTMVS for 1
hour and then cast 25 el astonmeric substrate agalnst
en renpve surface rel

SDVE h
[00174), i ARHBEITRY SLi O BasPToJReCl el sh ot 5 ddvies bompgnent
that is 8bf ac?FéH‘?h“'Et?éme‘ﬁ‘n&is ad Uévrﬁe@'&@@%@%‘ﬁeiﬁfaé%p@ble of

wavy stfetchable electrode by the process
connecmugﬁara vasd populBition o deviedsaanpongrtsie awld@atgeﬁcéable and
trical. resist e data .of the str .

therefof, S P& FaRIT B ISP HEYIRG: SPT ZEBTPI TEndPIpons a device
compoﬁéﬁtaﬁmtl'{a‘ﬂps 5 @heRBiod S BohREted ko Htherddodés i an array

snoot hly wavy PDVS substrate 30 nade by the net hod
configusatiomby begkled ireonnects H suppeded anranclastomerigesyhsirate 30.

conmponent 60 can be supported to wavy substrate 30 in

[oo175]_ 48 ¥8\ded| @9'0% &lfﬁe%[ or%‘l’@?r&?dﬁ‘ir@béﬁ(a\fé&%féjgﬁ&kl%)smcon

connect r connect |
array. PR8I (386picture dPaliuekiedrd B@orﬁ afrag withant empspbining force applied.

t f t hi t h
ool 28 ol oGy ol ke A B v
array w?@ﬁé QirE ﬁ!s”%ﬁ W?Htlﬁ (92?‘&48%%%50?!@8%@%%@ flattens.
in-coating ap otcu to generate a
When thersbrcdhd:mng\Messl beﬂ%sﬂcém mnal(a}sttberarrayeevgprswm buckled
30 havin no wavy surface 32 i, obtajlped

configuigal (SeeTane s BIeD. o SAETRA AP SE e Banet ) Bng ol SHows that

FIG 6B and subsequentlygkenmoving the stanp 30 from

the substrate 34. [00166] FIG 7 are photographs of a

stretchable electrode. FIG 7A is a photograph of a
cross-section of an el astomer substrate 30 having a
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10 substrate surface 32. The inmage's focal plane is on

t he @aks of the wavy relief. In FIG 7C, the focal
WO 03096, on the val l eys of the wavy relief affdl/Vpra07/477759

the bucﬂﬁ% @épf e@{rﬁﬁé&r‘? B%gﬁd #ﬁgf ggrét'e&pe%g gﬁﬁt{éﬁt@ ér?q?g%lﬂfq‘ th drBeess is

reversidigposi t ed by evaporation through a shadowask onto a
snoot hly wavy el astomer substrate. In this exanple,
nduct.i vi t

o017 T S P S S Mg e
surfac ,iﬁ&uﬁﬁglﬂgidl&"/ tniclhstie EinAH s&r@éﬂe@]Aﬂ' BRarBld6sne288vice and

evi ces cl ose herein may be used to fabricate a
procesg o1 fecmtaimgetcmfomuqonm ite eurvedratiriagieads puvidsdibyhe bubble or

saloor MU KoL A e SR 2240 (383,50 Bh ot 20

um th:d@ﬂdom nﬁnﬁbr’@ﬁbﬁ@ﬂﬁ@dﬂ ir08 HowBing deintive 300 w@vwet@chamber
. A device conmponent 60 (in this case |LED pixels)

volumea%o defined by the interionfasingaupsiate wel @ hausighehambeaApplying .
= positf (Btah NS s Al 0 R B Sl )

generataga chnvke)f 200 eobswateesurtdceazpabieobeorionnhlasontact with a; concave-
exanp ; The 2-D nechani cal stretchabil i t%/ of such
Shapecb%‘@l' Rebstrate, EDnegatieRressunie, I senEast 9¢neraies @ 90”03"3

srtacd GBS LLBT o Moo £35S SR b il

Spatialhaadlpgwtmn:]dfdmﬂal méa?:lmtynge ngB(cﬁgx_g‘s maduiusioof te siraiiate permits
rovi_aes e Ca it 0 no n eLectrpn ce

generalgh S CoRBISLFFABR ST SPodTIES bElPuaT Sroe! PLFICE 20 fifrates one
means‘?SlV b&rﬁ?oll%@jtﬁeoére'sgﬁl@ [ﬁ%é‘hbﬁgmbr\ﬁdl’urﬁ%m G Q%S/hﬁgé that \

fabrics or” displays. [00168] Oie such exanple
introduces ve terebees gasia ané\fnooechampeoaﬂeedr herimeges omtheFrlth side of

e 8 b e e oL P B PPl Bncreasing ol

of posiis pRasLFA! Ay opthetheliitt ar@devides f@rmamdinmméd t he
artificial array are shown. The requirenent

for
intercoBneets enan elastainanic suikeitate Mmay Bewsedwithssu@ndeniess for typnsfer
I e G 11. In order to wap a planar
prmt'nds{?e%?{"[‘&g sgg}sg‘a pherical surface, the sheet nust
stretch in nore than one direction. WO
[00177}00&15&8696&%65/1‘@5@@:@57@&5{@ Bhekled @k Gip-i Btertdninecia on a curved

surfacé@brﬁiif%%tabgg%fncgfé'%f A 2ESomaia Givie fest solimaghaped
surface’tyf @ éte iﬁ‘ bfasﬁ%m? ne Egﬁét?at@rffavflrﬁ’é! I%ﬁ&t’% péttidh that is qurved.

u or eposition ©On a substrate, such
The substraﬂees icapasleraftieeing ertueimeed\kafﬂetten ithe pariate 0 ﬁhatShe isgbstrate is

capabI§Qf Gario RN RIed P9 NpraLiaR: i Hlteingtkisipplied to
the ﬂatts‘fé’mﬂ' ﬁﬁ@hb@ﬁ $ele%§e 'o|f Eﬁés&trrékﬁﬁg OR&:, @ dupSirate JufageYelaxes

means knowh in the art such as - an adhesive, for
back toex sopled, gemneiirsacgetr@raung g.str@nrenfetnesntermrmbﬂ’taiaﬁ e, or

accomBudisc Bl 3 Habses B Beterkdnd ceftel BoBl®: hat “wi 11
remai n in physical contact with the substrate (after

[00178§iefM BRAMPID oﬁ'fmﬁo%ﬂﬂ@hsbﬁ@l '@iteHing obaiuckeaf sigtoredriraynby the
that are not in 10physical contact with the substrate

device ghoyn, in FiG;: aﬂslsmwdad dn fie. Bndethip example.dig inferconnect

comprlgcg@gg)%r;aﬁﬂ%"b‘{%k lbtﬁﬁgﬂ'@cég‘é nk t&fsslhﬁheﬁv gﬁ‘@gﬁ]tlon with

the intdrbenwedfte maigbsft 280 pmt thiokeSieal heatnﬁtiaﬂy figt bdckiéd silicon array (top left
) sem conduct or arrays (panel | i g éon rel axation %
image)iif plagggdnioihe i%ﬁ&ﬂﬁlg q Boﬁ' ive REEYSHIe PYERPL & §XnaNd the array

buckl e in the weakl y-bonded regi ons (see panel (iv))
to a bent configuration yhereas the device
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15 conponent 60 (e.g., sem conductor Si contact pad)
remai ns bonded to the substrate 30. Accordi ngl

WO BWERPEE0 i nt er connects 10 inpart stretchabil |?§¥/p§209?{%77759
into a tﬁfotgdllé ﬁr g?ﬂ&yn c@ﬁ&uﬁ@@@ ;é ng %uer(r%g s tﬁggép' L!\'g%%l(ﬁ]&ﬁ expansion is
shown GO thvg t@luMwobt mogen @nel suttsenoahticthet pmmtl\kmpmenre removed

similarfig 158 fes) S/ob bpieal SRR AR Db S rae dhis Bep ings giretching s
reverSIEIeGA %1 klef% né’iBh' et nﬁﬁ)&h%%%n%m%n%‘ct @\nth a curved

str ctch eS|l|con array in a single grid
surface;dhelagnayanay) beirhsferogd tavdhepeuteed surfgee 8y @mwfmeamsiknawn in the

aving, a plurality.of c ect d i nt erconnects 160
art. A BaTigle o IcRunntrd bap BRI SRmios.olie edbRags Seged it
adhess(/@@(élﬁé‘tbme@‘l%tsmlﬁ%ké or SUJ Sﬁi%fsh@furi REEIG. 282MMHeERNS may be either

i nterconnect 10 is buckled in a central portion, wth
concavenRreeavienedn thin @scamptleawed 967 mne end £33 pan, rEspedtively.

i nterconnects 25 and contact pad 70 are supported on a

t
017 SfBHR {36l AB T SrTBReE! Nopgipons
With Applidatioa Exeriples fih Gtrel@aM@Elemon&isect ron mcroscopic
I mges to show a basic buckled or wavy interconnect 10
10018032 GAfrdayer 1o coRgosiiRisoshaRss, sBA4 dosaoRsiEKor geometrica
conﬂglﬁﬁf?ohéin SrhRBnaGoer néggs 'E{uﬂe%%% Pc@ﬁﬂ%?h@grly%ll%pphcattons of
evi ce conponent, 1n I's case cont act pad
these matmialm Adthoagh abethetls igosist faradefings theomaartal oommoaltlons |

diametgfe;e.v gérfgtﬁgwsagh%& §f ré%ﬁge\{nf%] gr? tga%&] %&é{% are%%tively few
approa%hé§ feeirt@liidMBer 4ol hal Qhre[eo&%%ﬂadﬂaG(ZD%nti%[a)rbonﬂguratlons

el ectron m Croscopi ¢ |1 mge of a Jacent devi ce

Provideshpraie it 8 nechanicat strategy Tpnarertingcenieét clagsepotalishapes in

nanoridfishiina) s Biblsp byl o9heis®ol S RAGHE E¥yedtne
combirfdldGuseldf liBogaphicllg patieaiedslirfaenthalristryeo ppovide spbﬁal control

70 can be connected to one another by one or nor

over aghasion sirfeend elesticsleroiatipasai@ SURARKING PUBSEAPIte ynquge well-

Vi r
control e%o@%l@%@lgg%@egﬁ F‘?agmﬁgl?/a ’ﬁéﬁ%}. V&u%k@%é@qn%ﬁ&%?é}‘é'ﬁreated in
nanoribtsoredfi @aas byd Ginmn éus edarireramat these «tenﬂgmrahoma cae e described

quanttaiNlY W AR Eb%%”ﬁnﬁﬁé\@ Bk ch. e agpliGaibhs example,
particu@g%{h?lgtsﬁge‘gkg% Uteléoele@trooseé fAnd 8p{oEEBhicd) withlextremely

con iguration, has i1 nterconnécts
high leeels @rﬁBe'e}tdhnbi‘riw eupt toar1@006), Icmmmr‘eesﬂbﬂw (Ltp toec25%hand bendability
is exa re are four distinct orientations, so

. th t
(with C?Wlﬁfurﬁ rﬁ@?éj@"@b om8HP)-such as contact pad 70 is 10

capabl e of contacting di agonal |l y-adjacent device

[00181FOMRARNEDEhd 3D donfigurNiBBIof nahBRbbiEaRe Wieetard@oh@slled during
an optional bond region 102 in between interconnect

their growdls ta pieldeertain @eomatrias.susihers eoitsarings caintheranshegddayputs, or

oer G A BEPRREE A R b SBR  Cugo URRBp o

these clements ©ofdiged etasﬁfmeil@@&o’é’ortfbﬁubbﬂ|keS(oalheﬁb£9tsrrm§tures by
ﬁ]CTOSCgPIC IﬁH e of interconnects arranged I n

using buikin r@§ ued)ﬁtre@sﬁsﬂn iaverfgcﬁysmme %emef@edeemngupabbw with
wavy oRgHEE Rt nreBnPoRERlbe 8y ARl herttiiants.

stretchéible ¢lettesrtiospsienss toln@otemiae applidationssuch raetxphdamally curved focal
region results jn a peak 20 hav four |nter Pect

plane TS, nteligentTybraes eefalrg QvEE %ndeﬁ? ToRBEbIg PUHcarEl health
devi ce conponents are in a staggered arrangenent, the
peak 120 may have three ggds extending
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20 therefrom In the case of nultiple |nterconnect

connections between device conponents, nore than f
WO 208034368 extend from peak 120. [00174] AIthoﬁﬁ'F{Uﬁ%PHY/MWSS‘

momto?§ fm§a§?ﬁ3/§ncﬂgﬁ1 ﬂh%ﬁ'tﬂ&%léﬁfﬁfﬁ;@dé@ﬁ@% e rre é’sares tretchable, is

one at "1s a cont pad ods an
d ﬁferemtethan esdgperhapsl compdemeataey tcaaakailtenﬁhveaontactbl thgse same
ul at.i an of device c

applic PR AR G diies RArER VD SRaeReBle hel NG connects. The
previm? abs& & %V*}ﬁ%égnﬁﬁﬁnseﬁé@{\@] nﬁlﬁdlséﬁvéﬁt‘ég’ég?(e)dth% form

I ce conponent at 1s ot odi e conne
spontaoeteslypwith dided qbemoda aad mplﬁydes defnged by tenmogdubwf ke thaterials
rate

.':mdthi tigrconnec b 5 ortaedy o e gL r% SUb metries
% BICKIRSPHS 0 PPN e IUBRRIrOL oYt ﬁ.gﬁg

or the ;Btﬁ?éﬁéél ik th@fwaﬁae@% ﬁi‘)i tl'$é iaSuRY sthains BRit@they tan bBcdmmodate are
picture of a buckled silicon array w thout ‘any

in the rengeaiaii2Bg30%r imiteg |@IY| the nosaapttlraaIr\@amecgnetme@éhatsresult from this

proces? p‘?l'g% ?’g‘?é‘%ﬁﬁg ﬂg%@p ﬁ?é&% @Sta % PLOC%\?B@EQ Il@dé’lﬁrﬂ%nsé@c?e adhesion

sites t rawif? ptastie defdrndtivelksicf @ supppraansesstrate a6 heh@ve buckling
en the stretching force is rel eased i n panel

configurations Wil deierarinisicoanirokovaidRew gepBIRtiion: Bl ?%%Féemd ic

cesion§3FE LRSS 6y SIEQBL P REHNASRARBYe L hegd ot
organitadcairays ohfudhustatctoresp Spegiatizeo geortetidsdesigeed for stretchable
electrof 58 FREPIBHERTAANGFF 894D 46 "BR0Y d B0 rRYSHAR CeiRatarials such as
GaAs, Fﬁgﬁg eﬁtb\ﬁtﬁnﬁﬁ tfc%ﬂjn{dﬂeﬂ ﬂ?éHfécﬁﬁﬁﬁ:s érﬁ‘@laﬂ%tﬁ% as ten times

or ine |c curve aces. An exanple of one
larger anipreviauslyppored sesults. faC| litating confornmal contact
to curved surfaces is provided by the bubble or

oo1825 R 24 0 dkstebs it i Brocslns, T BT bafind i dliEtne

preparatﬁJr‘f k& ehask far bﬁﬂéﬂrﬂﬂg SHAERE Eh&Pital adhésivh S8 oahaNdIBEtomeric
vol une def | ned athelnterlor faci ng substrate

substrafg jof p@W&idimﬁiBwﬁkfp BDM&)p Bhia PI9ORS BYDIFEasSING: Hpen
uitrawogéat e(gJVL) l@i\?ﬁzﬂf 59% hoa;’r\?g)qgélg%ttgﬁ%w gf&gﬁ lgfé%mask

(fabricatepatd stepfi), crefe‘rmdml as:ami\ﬂmtmmn hvrﬂleqbisqa\oeﬂﬁjram&ontact with
recel vi ng substrate. A negative %gessur e, contr

the PDiEnebha ¥ QmaskPRssessns weessad e f r@ke Bﬁlﬁ%;rﬁ.ﬁpparent
region%%%ﬁ%at"\é)&%sﬁr @gg’%@ﬁf@%ﬁtf&ﬁ% Vi &4k ?H%kﬂr(e%eproxmlty to the

asticit
surfaceYoﬁﬂng RDin&d mh@zcm‘e ¢cdrvestsiibe nmneodifedrhydropbobicauriace,

dominaledsDyzR-HT P rFieEd T ratine kné Mhly SBlarasd oGt Surtace (ie.
activatd 85F5¢ES), tdindinSteBMEH DOH ¢ IB-EH0obYuRctioralifi€s THeAlnexposed
areas retain the unmodified surface chemistry (i.e. inactivated surface). The procedures
introduced here involve exposures on PDMS substrates (thickness ~4 mm) under large,
uniaxial prestrains (gpre = AL/L for lengths changed from L to L+AL) (step ii). For masks
with simple, periodic line patterns, we denote the widths of the activated (indicated as
lines labeled “activated surface”) in step (jii} of FIG. 24A and inactivated stripes (e.g.,
the distance between adjacent activated stripes) as Wyt and Wiy, in step (i). The
activated areas can bond strongly and irreversibly to other materials that have exposed
—~OH or =Si-0 groups on their surfaces. These patiterned adhesion sites are exploited to

46
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i ntroduces or renoves gas to and from chanber 310. The
es on the right side of the figure are differ

nt
WO&W&'&W@? es of a PDMS nmenbrane in response toPCTm520°7/077759
I S t
create A STHeRaP BEEmAted BEASINRIS, B8R EEtirEPbciow! Aematively, a
similari adrmswtmmt sitepatiernds gpsovided by similaty paemnming the inkedonnects
f}? g %'?VI ce% for transfer 20printing to a curved
pnortcgg% F ®8455a8not her means for generating
buckl ed or pop-up interconnects on a curved surface is

[oo1a:ﬂu'TnﬂwnsZ@>@amﬁ|th§noﬁﬂbon% édﬁs’“st@b%%@t?ﬁémg!eﬂt 8tal Si 648 GaAs.
agai nst a shaped surface to generate an el astoneric

The silingissibans argwragared remmssiliconpen-inssiaton éﬁol)yvafars/wng procedures

descrifqlfpRUHEISs Rnd B’ shlprtp1. P0B5A 2 hoRR, ThB'S6As ribbons

involverPmiuitiayary of Si-Bebbd eutypedcans (f2@hns @efrmmncéntranon of 4x10"
interconnect_is applied to the flat sta

cm’), sesnidasdating GeAsst féﬁ%&nb‘SQ Big @ndtANasd48 ﬂn'a)tferragqi pac%(mo) St
Gans WIS BBED e ULEE) AOBE Clen BSNFERL A B i on

aqueowd etdhant of HgROR mdtH@wUsmﬂg Iinmstofcphot(ﬁr@@ik‘i'ﬁbtténmed along the (0 1
t wo- di mensi on retch| ng of a

1) erysEfie grieditag 58y EhEERsSaaeT LS dhRoTS: Haresing g ghotoresist

and théf %éﬁﬁg thé [fg‘ m%% eth%pBEé&Eﬁdﬁﬁpl-ﬂ* 2 \!rcﬂur%odgi%éh ethanol
Conpriods A plUraldty of “buckl ad i nt ef connect

and 49% aneeou® hlsF)uremvgs ithie o4 Tayer,dhemby mieas:rtgmbbons of GaAs (n-

Gans bl GBS BRRURL Sesminiacty eaderesist i i ositag Byamples in

FIG. 24D}. TH&id6ets bf'@thaﬁﬁﬂtcﬁthléqillt*sb}{ﬁtloﬁfr@&ﬁé'éﬁr@(ﬁ'bbﬁﬂlhhpof cracking
expand the array WD 2008/ 030960PCT/ US2007/ 077759 i'nto

of the faag:lﬁbmivtmrm dieata ﬂs@qa@@nmmfgxapdlamforpes guring deyingethe low surface

s k5 SR B 8 SRRt et e et tvout

of the SkAkIrdbohs. Irhﬁeffﬁf@lllhie‘p facthmtléy@zxtb%lw(%t)criﬁnng depogited to
flat substrate, this bendi ng" stretching

is
provide Hiecresessary AB-oHy syrfage cbemés@naf%.b@ﬁdIngr@tthﬁ@pitlﬁatsesreglons of
the PDwfornal contact with a curved 5 surface, the array
may be transferred to the curved surface by any neans
known in the art. An exanple of silicon printing by
[00184)al Laraimatingiips pootessgt &C| d)re@aAs veaferseagainsta b tieated, pre-

stretch%ﬁﬁl@%&eﬁaﬁ% tt{q?,{gsor%}ggs pa qjte? Eqiﬂ\%\gggreiq?iﬂﬁlq? pgezgfrain ), baking

in an o%ﬁ'lﬁ’g? Exfgrr}p ﬁﬂg@%s ﬁ??rglglvﬂe‘g tHH‘w 8P RARSIHRLYAll of the ribbons to

Buc ing Structures iIn
the surane efdhd RS (stemivi). Hﬂea@glfacd\tauesmpform contagk angitke

formatiof g SEPB OGS BRELS (et P BoR FHRen R Efve SIB: laver on

the Si r@t%ﬁf%téﬁ thaldepRrfed Hiok ihRs oﬁfthé@ﬁﬁ@ﬂﬁb@rﬁ@énd the activated areas
nanostructures I s | mportant for near

of the RIS FRelatiely weaknescaeravanlsiosesbond hevibhansdeshe nactivated

surfacedf(éagjérgée& th% Q&%}g?é@ﬁaggﬁé {rd Mgﬂg@?ﬂ?ﬁqg; JEherates buckles

througﬁlﬂ’fé)phfé?@m?sepbi’ﬁcm o the riblbdhis iRIny trﬁ@mabﬁmdcregms dfaiie PDMS
control li their two- and three-di nensi onal

(step vy ﬂshazabm@malaﬁ@them%tn wamimthesatawﬁrawﬁsﬁm due to the
t
strong LIk Biner TRR TSR EITIRNGL BEDTRIR: 8. EREGRRLD varvng

patteml'l'difl mgjokmryﬁbpe?nml the snadneituciends prediraimearaf the patterns of surface
i t hogr i call atterned surf hem t ,
3Ctlvat‘9F‘d9ngales a0 HirGensionS Gy Win 80 Lkt TiRLesHls can be achieved
o SRR A i oot
Preci sely engi neered buclgki ng geonetries are created
i n nanori bbons of GaAs and Si in this manner and these

configurations can be described quantitatively with
anal ytical nodels of the nechanics. As one
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25 (with curvature radius down to -5 nm). [00181] The
D and 3D configurations of nanoribbons and w res

WOE@ﬁfO?Q?F? ed duri ng their growth to yield Certgp’F{U52007/077759
Wi anﬁ?ﬁé‘??éétl%?n dé#é‘? ﬁ?gﬁé%ldih ahtl régﬁplltéaéi gPﬂ‘?é“ﬁurt%jes Sinusoidal

or a elr growmh to uce
waves ewﬂ‘nwaeslengihsmm dmlpllmmemmcbresmﬂecﬂ*ranethe twckles@lsonfiprmed in

th I t st
the samg AR et § 00 G- bInshauSalRgbBtRT ef the tyee
that gén%?ét@uﬂbvgté‘ I%he%séé‘Fi@% %a§¥§ bfgEm FABE YRiHCdifferent Wag).

nanori bbohs Wt h wavy geonetries are of Interest in
As a fr@@rsrtemmmsfebnhetyorerimsé) mtbtgm pleuciurasecarebe encapsiiatsddn PDMS

. by casﬁﬁ étpfrzl 8’.‘.2‘1:r|(r:19S’e'rgls’t eéns r]c & nt | Igi,ﬁ 2@%98%%}#'( g?,rlsé téé{snow viscosity

and low Sbate Srnesing dhe d Quqﬁw@éhd:ﬂnéﬂr EiotinedWetwabn the ribbons
health WO 2008/ 030960PCT/ US2007/ 077759 nonitors.

and thesubstspigr(eae IiF1Gi 86whi ch the el ectronic devices
t hensel ves are stretchable, is different than and
er
[001853 ngﬂggzp {nﬁg‘%‘mﬁd&{.&& s%%nﬂlrrggélgg@br‘é ngr‘c‘sl‘é %é %EW%age of
buckledtGaAS hbbd)rm onﬂ:i{DMShtrewmmhrae@tasBO%lmd)Mh VEsEV 0 pm and Wi, =

| bed wa nanori bbons
400 ur@%mﬁe&@%&'i b pergeis Ducdeio iR rBmsapy seqmeries and
st L B e 0L BbON RER RIS Theicbppies i et
registevexy ta theetlitdgraphidaily defined adhesron\smest Tlee g”aahrshowe:anoﬁBEM image

t he phases,of the.wayes and [ Xigum. strain
of a bopge eaRp: iRl el it rétlantnh g ENEimaa8sgho reveal
that thé S0HE6E oPthe PEME 15 Rt &ver atf@a\éyocgenﬁebneesrméw Beh&EH Which is
fromthis process. The procedures introduced here use

much diffetesy trarhihesstranghe courlgd svavysiaicines Separtad pradgusty, suggests

N T 0 ]

procesdg1.6rit8 ModLiug durRt st aflecethd dedretrzratthe emboﬁ‘ey rf@ﬂthe cases
or aperlodlc de3|%ns are _possi ble, for any

describagt heye. imtiis senss. thaAYIBreResents asgl. §e%ﬂi%9tructlve ool for

manip@aB I Foin BACR AbOI AR o RER TR o

strain ranges of up to nearly 150% even in brittle
[0018G)at EIG.HB7A shimiss silelGiGwvAspticabmscregeaphsyftiuckienl hbhars formed on

PO e B B P Rl bRk, e bt

"gﬁ'rgﬁﬁﬁ@.@ ) hBReaEeaRRn £, tTrHeSrrlfHd?Fs‘ﬁﬁ%S rné@iﬁafét‘hre'gitﬁis' & not fully

ts with t epreparatlono a nmask for atternln%
separaser af byecp(eaedhe sadipies fommeidiwith ene arl 1eB%sanshad.680). At higher

o 0 RB0D SRR SSRTBA WAL LSRR SRl s

drsplade%ﬁ’éh%ﬁ@rueg%hhruc@uﬁ&“edaﬁy :unusual type of anplitude

hot omask (fabricated via step i), referred to as a
UVO rrask while it is in conformal contact with the
O mask possesses recessed features of
="~A1 He@fs -r-nx he transparent regions, such that exposure
le s patterned areas of ozone in proximty to
the surface of the PDVS. The ozone converts the

unnodi fi ed hydrophobi ¢ surface, 25 dom nated by - CH3
and -H term nal groups, to a highly polar and reactive
surface (|. . activated surface), termnated with -COH

tionalities. The unexposed ar eas
0 4r Z‘? the l}nryvd fied surface chemstry (i.
Lz Gred Sur T § ce). The procedures |ntroduced her e
vol ve expos on PDVS substrates (thickness -4 m

under | arge, uniaxial prestrains (Ewe = AL/L for
| engths changed fromL t@gL+AL) (step ii). For masks

Where;
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30 with sinple, periodic line patterns, we denote the

wi dths of the activated (indicated as |ines | abel
WOZ%@("?QP&? ed surface") in step (iii) of FIG ZHQT@§6°07"°77759

tivated stripes (e.g., the distance between
L= i activated strlpes) as Wad and Wn in step
! 2(*|])+5Th activated areas can bond strongly and

i rreversibl y to other materials that have exposed -CH
or -Si-0 groups on their surfaces. These patterned
adhggi on sites are exploited to WO
=R 0960PCT/ US2007/ 077759 create well defined 3D
georrgt ries in nanoribbons, as outlined bel ow
Al'ternatively, a simlar adhesi ve bond site pattern is
[00187" Ox4 detbrRined B’jtf héhhrﬁ/eé?aéﬂa%?% Bﬂb&él@eéf f&rﬁfe@]qﬂ 'ée@ﬁlform thin layer.

prior to conta Wth the substrate

The maxiangsnh éensigratrain bothe rdzhmsss.e@pmmmﬁtaly5| ngle cr yst aI
Si and GaAs. 5 The silicon ribbons are prepared from
silicon-on-insulator (S01) f,ers using procedures
escri bed, prgvio slya (a g et al. Science 311,

[00188308623112_ y”T F\iz);ons i nvol ved nul til ayers
of Si -doped n- type lnm carrier concentration
of 4x1017 cnB), sem - |nsul ating GaAs (S1-GAs; 150 nm

001893 ATt fidthahé %c{(lgé '?%9? ES‘I@ t@@@?zooﬁfs?@fészwib%&a

ecul ar - beam epi m ca et ¢hin
hm 2/(1@m1?)asemunh smauemtaaaw@@m 21@%aintthe fep@bdor kv tplm),zthe

amplite, Siagenariiedt PE M Tieoo g ba b oReHES TRens (8 G Hgicknsds, |
chemiddl ?@Hfb%s:tﬁﬁ”%hﬂ strHSd@DQt é’t"c%iérﬁ lsaﬁigm ]}J’clﬂ?éteﬁﬁﬁ‘t@dr}:%/ fhegayout of

er 'in an et hahol ution n vol ume
adhesubetartee@ndtthamestwu myoc@qub:sm wggeseme\ge@etat@ppllw@mhty of this

approadpbotey TEIRG el W BERIPY SR pupkgo geometries. This

predictiftPisUopSistént (witDtheras{ing obktnsk it SiandGaAE riBboRd bked here.
The addition of ethanol to the HF sol ution reduces the

The ca,tmbatgdinroﬁlesmioﬂeg@ﬁud@te@fhrteﬁen ﬁagzm feor preosisaings ©f 88.7% and
56.0% - 3GreB AP QiR tné Spgéﬁ%g{igfré%ﬂ{@‘éi tbrﬂ)oﬂg B thel Bereiers

nsi al so
(mcludlﬂfgypérﬂadmtw eddtho aae pagslitide)idfehe batkliab slheymun RIG tZMA are

bbons. In the final ste a thi.n layer of Si 0O
COHS'Sf@nét)"thrﬂnalﬂlcabfé%}wta@e“%{%ﬁe%ﬁﬁ@ @@é%%iray\d 4 A@Jnterestmg

o SIS 0 1 99 B e
~1.2% preveafor leedet 5. @gi 58:0%). TVE stceétag edablesesttchabilitgdeven with

ubst r at ri bbops ori lel to the
brittie @%@? rhoes : @élcﬂﬁ CuUSs§ ngseﬁu%{ﬂ Yoven at 90 C for

m nutes, and renoving the wafer transferred all of the

[001 901'1' bmétﬁthbgréﬂrﬁcawdérmd%dﬁé%ﬁﬁ% ¢t Bave More deaiplew

acilitatées conformal contact and the 25 formation of
geomeﬁtesoﬁh@nihe sicaple gretiog of grid pattecasasspajated widethergtaictures in FIG.

24. FolBtastPie, bty Wb elehf ik ehidtoRiuobe B0 BB 0B n

individ@al ridbnBDME. 278 ahowe! &s Waalkardle dai SEdimagebeBaciiet $i ribbon

the ribbons to the inactivated surface regions of the
(WIdthSFwtsthlttme@ﬁeﬁ §f PR&IB endi 29Q mmt FRSPROREEY b rtermedswh a prestrain of

o r

s0% o S Eh 184 BRelREaPAh .. SF 131EH R Rl 5 0 i 08, 250,

300, arkd850 Iphb@l@tgrthmmgthetiﬁﬁt@dbb@m HehePRidg e d:iealﬂryeshows the variation
activated regions due to the strong .chenjcal

of Wit and SETItiGR STRIABI buskBRITAa80 1N ToRRS S e figbons

e

can a3 RAUAR R Eni e o BRI RRCFI TS bl
(e g., shape and d| mensi ons of Wn and Wad). (Simlar
results can be achi eved ygrough patterned bonding

sites on the ribbons). For the case of the sinple |ine
pattern, 47 WD 2008/ 030960PCT/ US2007/ 077759
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Wn and the prestrain determne the width and

|itude of the buckles. Sinusoidal waves wt
wog @P¥AYt hs and anplitudes much smaller thanP‘FT:{ETSZ00""’0"'7759

crempl s 450 OSSR Ui BooKES Wl et
dlstanamperp@admuwrdo ‘theigrigtiss bf thembt(csmeTﬁé(EJVQSnashnm:%fwﬂhls

semoig LRV 58 TRt b sty S byt e

activatéd M P‘E')I\HQ séﬂé@ i @:"ﬁﬂﬂdﬂ!@ ignde Q‘Méhf‘ ﬁtl'férldo%ib‘ﬁat[es can

prepol yner (see 4 step Vi)
easily b¢ scbieived, duelta the s;mpﬂ@h@ogmiw pomtn@ oﬂth@ nadhe$tom/§|taa,o|and

fills the S d between the ribbons and the
some i & PR 1PH e BBss] K G 24D ahows. s
tilted-view scanning electron m croscope (SEM i nmge

[00191gf The bmﬂﬂb@ésm%ubklbbcm%@nbﬁah@onIFPDMBI With ERL & 68%, Wae = 10
0% and with Wact = 10 pmand Wh = 400 pm The i page

um and giftasest Y £8 shpwpdnifigi %TEBuxHWé%tewaprﬁwﬁﬁ}at s important for
apphcaQ%&g‘?ﬁ E‘crﬁﬁ:h?ﬁ% él@ﬂfrbﬁk#h'rﬁé) E?tﬁf?ég vﬂn@ﬁ% éé’weﬁ‘kl\hth fith analytical

oring S are
solutions H‘teemedhamc*stw fdiloge dpbito @raqkmgem mecGaﬁsh ednlenrw.n =100

o (arcgaer) e iy 4SS 1T e R Ed e B R (DB F2sehiha
exceec* f%gﬁéidaﬁoﬁﬁt 61‘9:!4&%% AS (13, Aﬁ@p%[%@%rﬁ@u%’t%nﬁ%ﬂu%tness to

en at t |ng ‘sites avl or whi ch
stretching ama bonhipféssirgncan, rtherefom beranir@wedcmupe!edtwmv\yn (>>Waa)

gy R SR A HE B Sl B oot e

accom%&k&@%b@%d@#ﬁé& kg tﬁé’@ﬁﬁﬁetéhalﬁhty'd‘ fectipBylapplying forces
does not affect the geonetries of the ribbons), for

to the I?BM& ROt Shanges indhe endroemdsistenses (khecRDRESegments of

esen soft., t r
the ot GRS et & i Ao MBRBRL i GhdtiB ab8 cqmpressioly.
accordingetoadhesi on si tes [00186] FIG 27A shows side-view
optical m crographs of buckled ribbons fornmed on PDVS
with different Epre (Wact = 10 pm and Wh = 190 pn).
The ghtg bf the buckles (e.g., "anplitude")
[00192] nc|réaes Z“EHrd00%he ribbons in the inactivated
regi onsfdg.not fiully separate at |ow Epre (see the
sanpl es ormed with Epre = 11. 3% and 25.5% . At higher
25Epre, the ribbons (thickness h) separate fromthe

[00193E gesflgrp‘gt ggtéé}é%%ngé EH}(} M%g@&ﬁ}m Airmehassg@iefore fracture and

rofl rize
o 2008/ 030960PCT/ US2007/ 077759 .00187] as determ
L sendbys HishENaERIN i PIRsEY shatepricting aw%empﬁe%ﬁ'aap%@ﬁﬁmd to

thin layer. The maxi mumtensile strain in the ribbons
me,m |, Yreatep bodilesy tay, L\ 2{ hiregpectively. Buckled ribbons on PDMS with

Waet = 10 um and Win = 400 pm and gye = 60%, , exhibit stretchability of 60% (i.e., &pre
and compressibility up to 30%. Embedding the ribbons in PDMS mechanically protects
the structures, and also produces a continuous, reversible response, but with slight
changes in the mechanics. In particular, the stretchability and compressibility decreased
to ~51.4% (FIG. 28A) and ~18.7% (FIG. 28B), respectively. The PDMS maitrix on top of
the ribbons flattens the peaks of the buckles slightly, due partly to curing induced
shrinkage of the overlying PDMS. Small period waves form in these regions under large
compressive strains, due to the spontaneous mechanics of the type that generated the

50



10

15

20

25

30

7( ¢ 5[00188] at peak 1Cl naxln a xni, [00189] The

wi.d of the buckles is 2L1 and the periodicjt
wo%@ﬁ}m%@%ause h2n.2/0 2. 12, L) is %32007/077759

wavy rpﬁ%%h' ffuchh@?l gﬁ’béd pF‘ev 3@Ieé6hé €a|rf§IRRétt% ndéy td"'in‘flaie in

e anp eisin epen nt of the mechanical
these areapeas |Ilestrah‘edr|n G 28Be thereby heduairg the «xtmmesalb;hty Buckled

structofet R et 19 e e out 208 imiices BHE e SPhdheliore Athouh

such sﬁﬁﬁﬁéé ékh?btt@élﬁ'gfrﬁi?ﬂé\béﬁS@é‘tcﬁéﬁﬂ]ﬁﬁh%n%h@%ﬂ@rs%bwn in FIG 28A, the
applicability o hi s approach bbons nmade of

absenemetiheahor peridcowavesinereased the Gmmmeealbglaotmzﬁ%soverali

single-G e MorBRGRERIE fitinel otbln B Erb Jpptcned PoMS

substraléb wﬁhqﬁe&tbrﬁé@%uﬁéée chemiidt ddpesidatdited dxhmitsstigichddity higher
for pre-strains of 33.7% and 56. 00{? agree wel |

than SWDtand emBERsehiity iayasr thanhté, eemreeprndi ydiscalengtrain ranges

aporosARTRIRE S HEAA REhHEAT PR 8P bioVe el v anc Wa and
by usingoa subss$teate matchiabeephatile ot highet eldrafationshare ROMS. Bor évism more
ables 1 and 2). An interesting result of thi

elaboralpugtarasthase FARAALRR FIMRACAHSS Fan DB TAPRSISKHo @eaerate samples
with mL(I'hBIkéqag%r% (ﬁ/()b?fé?Léd Aish ée% ngen for large spre

I'S sca | enab stretchability,
even with brittle materials such as GaAs, as discussed
[001943 ubA direshcanseqRent® ol 803 large slrietdhm@ﬂlamommasyibdiéy isnedreme

vels GHBERIRD HSTRePAEY 100 PPA-G AT PurH COIEaLBPURR b Bent

conﬂgdrﬁﬁbr% thide ill%f:-:ﬁété t'h1ﬂe@tur§4ThE‘F'Dlﬂ83§UHs@raté3§tﬁilekﬁéséf\bﬂ Pam) is bent
different widths and anplitudes can be fornmed in

into commwﬁraduas of HHbbrn), HaG aner@nyeseadias obn 6ek ) eyrvakres,

respeciolTTiadip USRS i e ORMS Sarpe B pPrrdERe e

bendlngrrﬁaldeﬂlsuﬁce%ﬁrWQWZQW e estdses) CTag aitdpad arecsimilar, in
= 15 pmand Wn = 350, 300, 250, 250, 300, and

fact, to%QG%bW@sﬂgmtwwr@ﬁgpﬂébe@F@ an%tﬁm@n (hve-20vaydhe
embedg{e&ggét%n%“%b*t REe Pidr ea%lgpf B 'b%qugl L{Eﬂé@ﬁ%chanicaf

jacen UK 89 | ons
plane e(‘jﬁelctm Y¥hem theatopoarite bbttomddyenstdf Ft[Drf/ISehimsmpﬂaaﬂaskrfemses, there
ifferen

was Noghaso6dn g@@bggﬁnlws s 70%47 eensde ?FI@ SOW?

[00195] To demonstrate these mechanical properties in functionat electronic devices,
we build metal semiconductor-metal photodetectors (MSM PDs) using buckled GaAs
ribbons with profiles similar to those shown in FIG. 30, by depositing thin gold electrodes
onto the SI-GaAs sides of the ribbons for Schottky contacts. FIG. 31A shows the
geometry and equivalent circuit, and top-view optical micrographs of an MSM PD before
and after stretching by ~50%. In the absence of light, little current flowed through the
PD; the current increased with increasing illumination with an infrared beam (wavelength
~850 nm) {FIG. 31B). The asymmetry in the current/voltage (I-V) characteristics can be
attributed to differences in the electrical properties of the contacts. FIG. 31C (streiching)
and FIG. 31D (compressing) show I-Vs measured at different degrees of stretching and
compressing. The current increased when the PD was stretched by up to 44.4% and
then decreased with further stretching. Because the intensity per unit area of the light
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exanpl e of a Si system designed with phases in the

buckl es that vary linearly with distance pergg(?ndl cul
WO 2008{0p26% engt hs of the ribbons. The UO mask %5?08?1077759

source |E'cBn§%WE"t hﬁ’tﬁt 2 ang%rg&}t%ltﬁér Hig@?%pa e3ttnbuted to increases

respectl v’e ween stripes
in the mjeﬂmnsaﬂaatrpfemmdzi t6iag eﬂfmﬂwe drea 398;) ofMieybuxtiiext GaAs ribbon as it

e B e BECR A Uk A i
and/or%’ff?e R eSO GAA L Bon, ]%s&i?l ng'if u?ih 4afiebse o[‘ QQ&Qﬂﬂand

he sinple case of ons on
eventuai}ya, at femiyre\\an openidrepin Simailatiyf mm@nesswn daeresaewseif and thus

Fi t an as at, i f.or
decreapf g £Ptraht (1R 33 Eiths R0k e Bet SRIasT Bhpsdbbons
embedd#@dGh FIIVISan ¥ provids aaﬂlmysstﬁe@iabié)cﬁmbkés;sﬂﬂé type éhﬁhotosensor

mechani cs, show failure due to cracking in the
useful {gresarioua appPlcions, suehias waarablp MoRtors aCURVed | Imag@ltas“rays and

tensile strains (-2.5%in this case) that exceed
Othe”{eﬁ’%r el'd point of the GaAs (-2%. An optim zed
configuration for robustness to stretching and

[001963 oniprezseiusdpre dhis ebdampﬂé indicatbe thatsofiveldstoynere vttt lithggraphically
ional to Epre In thi S|tu t3iDon,

efmeq)a@aésnan ,sge% EP g Heag ialg &or ¢ akng eedein
o BT o S e oo o
examplEugithetraanyChassible applichtore ackasdfoe titead typas oéstructures. Simple PD

device%bgh'g < tgqjdgqﬁafg%%%ﬁg?% r‘@?%hggllH@b!)pr &?ropoveretﬁe structures and
the ablﬁﬁﬁﬁrs%‘éérélé'Hzg?_ﬂterﬁﬁé@f&bﬁﬁoéébsnﬁ&@t%%] (e formation GFoHesic

- roj ected roj ecte
contacts) from the buckling process and the PDMS indicate that more complex devices
(e.g. transistors, and small circuit sheets) are possible. The well controlled phases of
buckles in adjacent ribbons provide an opportunity for electrically interconnecting
multiple elements. Also, although the experiments reported here used GaAs and Si
nanoribbons, other materials (e.g. GaN, InP, and other semiconductors) and other

structures (e.g. nanowires, nanomembranes) are compatible with this approach.

[00197] FABRICATION OF GaAs RIBBONS: GaAs wafers with customer-designed
epitaxial layers (details described in the text) were purchased from IQE Inc., Bethlehem,
PA. Photolithography and wet chemical etching generated the GaAs ribbons. AZ
photoresist (e.g., AZ 5214) was spin cast on the GaAs wafers at speed of 5000 rpm for
30 seconds and then soft baked at 100 °C for 1 minute. Exposure through a photomask
with patterned lines oriented along the (0 1 1 ) crystallographic direction of GaAs,
foliowed by development generated line patterns in the photoresist. Mild O plasma (i.e.,
descum process) removed the residual photoresist. The GaAs wafers were then |
anisotropically etched for 1 minute in the etchant (4 mL H3PO4 (85 wt%), 52 mL H202
(30 wt%), and 48 mL deionized water), cooled in the ice-water bath. The AlAs layers
were dissolved with an HF solution (Fisher® Chemicals) diluted in ethanol (1:2 in
volume). The samples with released ribbons on mother wafers were dried in a fume
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20 [00193] VWhere rpo;ted represents the

i munt m ni num | ength before fracture and Lo
Woﬁ@éﬁ“&?ﬁ%d Lprojected is the length in the reP@kE§007/077759

0
noos. T8 hen S IELIR PRGNS 0TI CPLERSIRDY dggien oeam
evapomnhoﬁDl\/IS with a:projected Wact = 10 pmand Wn = 400
pm and Epre = 60% exhibit stretchability of 60%

toorsg], FABRIEATIGH REREHIERRS ctq 5ot fBoes 26 Tacated from ar

ssllcon-‘b‘ntshﬁbI%E&S(Scﬁyﬂla?érs(@d&éﬁt? %gﬁgrr?g SR necLLr%‘deéﬁéi@ kBONm, p-

response, but with sli es Int ani cs
type). Phe waden iapatemedby GOIOVfaﬁIOInai phmﬂtrmgnqmresuslm Az §214

protorpGELRT Bffoe) withsFBistis ia Fiehst s BIE, S #iasdidom o,

100W)f hftbt mSpﬁdt@rm@ wabhéd %ml@ycmltreacéﬂohghmeyburﬁ;@oﬁaé 1dyér is then
to curi i nduced shrinkage of the overly| ng PDVB.

etcheddpdtl (42%)-0d waves formin these regions under |arge
30 conpressive strains, due to the spontaneous

100199 SHABLAEAFIH M52 KRS ASkIRIEEA s Moed e peaned n pranne
solutiod ¢sic0) dopt & minutEsyandecreughtytinéed WLthep_Iemydﬁdvater. The
cleanch Ruteh % i NG 7 RoS83 Hihbad oo 6Ghd BbR Gt O leciron-
beam éﬁardé?étkb?ﬁf'b ch é%?th seiﬁehou?ﬂ%rWdﬁ 5‘nrr?leﬁ g exh@ébg@%arer) and

ype o aV|or such sanpl
100- nrs IAlug(mas;k Iapmfm v bgmmd*ﬂaegatbrp phodoresiss, meSbJBdirms spin cast on

the siides &t speed o 0B SR S@?%bﬁ%fcpwg {3 Vi B Ty Bl Tifes: softbaing,
exposaﬁg E&U@fl@ﬁ%@ét'bdkﬁw 208 qER D%g@ﬁemté@ Et!éﬁﬁ'sqﬁ the photoresist.

forned onthe pre-s Su stra es wt
Mild Oppleseahe., Slascaaepioisess cremavdisdbe @assguale@"lc&msmtt The photoresist

serves dyafk fhbiohls dhd i et it KRR (7 eIl wigh ot 12 ena k0
and titarangesiciaair(Res il oedlsittionIbride Jnmﬂp@bﬁva ye further
i mproved by increasing Epre and Wn and 10 by using a

[oozooiéffss&é%?a%&ﬁ?ﬁbi%eoafs?%'ermésﬂ;&@%uk e i khess of 4

m ST SRS (SIS RE181 Yy oming

into a FF'dtiEdlS}a)foilc[v@e):iLByfbaA:@ ateﬁﬂ °® tﬁcwbhoensc Slaifs witih suitaatnlg &izes and
rectanﬂ%rﬁ'%{]%hq%g: I%P/@mg{) 3 Pq'f,llu@ We xpgé%srrgﬂl ?rbeppp@ with isopropyl
alcoholrid 8GR WIR rﬁfro@&‘i‘blowmg. A specially designed stage was used to
mechanically stretch the PDMS to desired levels of strain. liluminating these stretched
substrates to short-wavelength UV light (low-pressure mercury lamp, BHK, 173 yW/cm2
from 240 to 260 nm) for 5 min through a UVYO mask placed in contact with the PDMS
generated the patterned surface chemistries.

[00201] FORMATION AND EMBEDMENT OF BUCKLED GaAs RIBBONS: GaAs

wafers with released ribbons coated with SiO; were laminated against the stretched

PDMS with patterned surface chemistry. Baking in an oven at 90 °C for 5 minutes,

cooling to room temperature in air, and then slowly relaxing the strain in the PDMS

generated buckles along each ribbon. Embedding the buckled ribbons, involved flood

exposing to UV light for 5 minutes and then casting of liquid PDMS prepolymers to a
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1500nf| gurations that illustrate this feature. The
DVMS substrate (thickness -4 mm is bent into conca

WO%‘W%?‘{%‘) of -5.7 mm), flat, and convex (radi u&¢ WSZO%’OW"@

r SHLH Y T, beh |
thICkne{?QOfCJAeMgéo lﬁﬁqgs{h;%hang@g g’% génc%ﬁr?t\)lgg% g%ts hd(;f fﬁ%@?%% or at room
tempetiaturedor 38 oliex euredrthe msePol@Me? Stoltave thHeeseckias BishonsTémbedded
. @ha %S a{rg, i%n'lar, in fact, to those obtained in
inaso %ﬂ%’r@’é@ Pi‘ﬂ y -20% and tension (by -20%. The 20

enbedded systens exhi bit even higher |evels of

[002023\|h r@ﬁmRAG‘VER%AT@N'@F B@JCK!?EDMBB@NQ‘ wﬁ@ra%&%%re imaged

he top and bottom layers of PDMS had siml|ar
with an @ptmah G’QSF@§¢0}D¢I by diltingsthesanmpia gy v90°t(fer naneknbiesigled samples) or

~30° (RERRReHEN SMaeD" ThE s tnedes ek FPearabd B 2 Bhilips 21L30 feld-

emissi®h 86N elsttonaRrossdpelattat thesampe Wagvdted @ithethi layer of
phot odet ectors_l(I\/SM PDs) using buckl ed GaAs 25ri bbons
S

gold (wﬁ A iptdeknass).siha sgmet%a@mg%d vgwe-stietening thepPDYS stamps
was usgﬁptg%'trle't r’ié"cgmg)‘f’é% ﬁe%%ﬁ@uﬂ ﬂﬂ:ﬁl&.t he SI-GaAs sides
o] f C nt act s.

he r BEhS FIG 31A shows
the geonetry and equivalent circuit, and top-view
[00203) pt FABRIQATIIY A < A RAC TERIZAD |0&F OFSkSP B 1 Eabrication of

PDs stgited wif SeoplEn 1t Al coiGuRRI TS e 1t e bekor feriselFic. 248.A

~ i
0.8 mY‘ﬂ Wihﬁl B‘%ﬁiﬂo@ﬂeﬂ{gﬁoéﬁn@ n%é?(%p?:r?}ﬁaal‘éﬂé% B)P@T_P églfeggﬂvﬁ ngéﬁgy‘ip#aced on the
PDMS t\mfxb‘l ituiongitudinel amge)e(pen@tcwatatodheéom@tucmalmasloéthe ribbons.
attributed t

This stff Sevdghe sBedowTesk B el drbenT rypPRiAroE L S hick gola

film (to(f@@mcﬁaﬁky] BDecﬁ’@G\é’s J. REMOPIAG Whe PE sibkf 8nePdlasing ftl¢@§)re-
of stretchln ngre33|n The current increased

stretcheg aDMBestawmpvﬂaﬁned S5 RIS byl?twptth budided Gafisribhans. Liquid PDMS

prepolﬂﬁ% \ﬁé{é ?53&&3&%{&@%3%& heq ﬁtgﬁé}%gwﬁﬁ@%ﬁgﬁ&%s and then cured

in an ov&W.STHEBENa st deE0sktaAded beyemiitheetopsPDMBstoaeviablé Ipeobing with

increases in current with stretching can be attri buyted

a semigenduetercrragater analy#RToj(Astlent Aa@Ee‘SOC)( Femeasdieneentgof the
photor&ddoRSE! ¥ @%erg’%%ﬁigp té@ﬁszpﬂgd‘@%@%%ﬁ?l #tb@@‘?& %lﬁeetbﬁmg and

at t ehs. er s nduce

comprdssingiAroiik bEDobﬁwce gwitin wiavelengtti of 856.mdi Jprovidet Hise illumination.
|attice of the GaAs ribbon, resulting in the decrease

f current ntual ly, at fracture, an open
[00204& rppleg: ?nﬂ?%$f%(]ﬁr'85%re53| on decreased Sof and thus
decreased the current (FIG 31D). These results

[00205] NdbgRfe_hhieal a&&%ﬁbﬁ@s@%‘éﬁbhﬂh@% ePiBRAe@ th the pﬂéﬁ@r stamp

matri x provide a f gstretchale/con‘presmblet
g

based @mntmgom@ﬁmsomreuwsm soribedr |Pdur@usbﬁhe%%ba@ﬁ§ec@u@mes provide

o s SAE BB A P BROBSL i P00 e

the challefgéabeihe HARDIqHentbGsdrivae Asrayl Détekidr W@tglhmgjimg)@éys]rem as

def I ned adhesion sites are useful as tools
describeddathepliosingi n cl asses of 3D configurati ons in
sen conduct or nanori bbons. Stretchabl e el ectronics

[002060" Prigde 39%@!%@‘%%&&1@ a pBﬁ?fm%%agégéﬁingtsd Rég&%e bARting to

reas f or ese t es O ructu VI Ces
curved darfaoss.r ahe fnsstrwtoaetdmsl (F16e32) ihelves ylne fedumbtaorn and

ntr ver the structure nd 15t he ab
manip i aha i ceeneskaly SvtPe Slrgometi auparsiqied it oft
mtercoﬁr?édf@& IQEMOSCBRfets’ from the planar surface of a wafer and then to
transform the geometry into a hemispherical shape. A stamp for this process is formed
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contacts) fromthe buckling process and the PDMS

i ndi cate that nore conpl ex devices (e.g. transi stors0
WO ZRHOMEY | circuit sheets) are possible. The Wel/P52007077759

| .
o casfi o8RRIVl RighBych bt Biinas
poly(dimetieylsioxane) (PBIDS) agauxh&’e higle qeality optitslcslemientso{igh atrhatiched pair

of conyEHd B 18hREs) Srtird aith e rBatEdRiad o Ciayiugs. nTpe stamp
has a rﬁ@?@e@%’f%&ﬁﬁ) Rﬂd&b@té}ﬁa&cﬁh ﬁ%télé}ﬁehﬁb)@ maﬂmgqme neSided groove

nanomenbr anes are C atib hi s appr oach
(dasheploﬁm]n Fl&Brazmml tois rttun @mmmmmtewged\ﬂg@r sirgilanretaining

ring tref TS this ST SHREE s Bl R Biptidt i aldtfer iRy BRRtACH Y tnis

stretchB4- sté?’ﬂ?ttQ'd mamrmr 2 suBpogs gref@nhe@taﬁbluﬁ@ercut etched Si
enera he GaAs ri bbons. 5 phot oresi st

CMOSAghipletslwithathir mtarwasecwmnm@emlmﬁ@ stegpp §w@agmls$ this

elemerﬁqi?ﬂi{r%g:gdﬁfér&%@(;%gﬁ%ﬁ pﬂ%‘tgu QS@ d%ﬂw%%glsﬁﬁgra%@ﬁﬁg Befween the

chipletpahtighasdf] ellasmm)em@elembralpmvjde@ suffigieht &dhesion for this process.
crystall ograph| c direction of GaAs, followed by

o i e o
hemlsﬂkﬁ?ﬁéggnsgﬁ? th&ebJurlc Eﬁi'h I{gnaﬂtﬁs&?e‘?%a%&ﬁéfér%t‘ i€n of the

sotr0|ca etc mnute in the
chipletertayanthig aransforsREan ( (:&ﬂicaso,@qmmssuem@zﬂs( abthmsyt)'facam the

d
stamp.7b85¢ R PRAR cchBrEndtareln Bb GhGSSuvie 4BnThy B
de|am[ﬁ£m&hsh& 'Iﬁtm@'lﬁﬁbﬁ@ﬂeﬁhtéﬂtdmﬁeﬁﬂs (BotRIm $a70bf KIG.232)N These ‘pop-up’

volune). The sanples with rel eased ribbons on nother
mtercowae@tsgabﬁ@rl@thﬁ $teging in a rmamger el avoids damage to the chiplets or

detnm%@?%t@%&?@%u%& #%‘%%%nﬂ g%g 8| Oef&grgc%l PF%?eggéée leg/l 'r‘@ithe strains

in the CHIGIBEY IB81b@~0. HOA&Rm m@égm@goas Hf@@d&e chqenred for the

silicon ribbons are fabricated from

intercognectedimitsriheaaxigiusp ﬂtl &patpr %MCW patpiets 1 ABe phojpdectectors,
howeve! FbﬁQ@m%?.Q‘[é’éHﬁHé ‘f@y @glﬂ%‘;eﬁtéP%b)gRro@l tﬁgﬁ straT owvard path

ogra
to an 80% ﬁigfaﬂoﬁtéitgletphotorem st and etched with SF6 pl asrm
(PlasmaTherm RIE, SF6 40sccm 50mlorr, 100W. After

o205 55 BT P S Pl g v
to tra nﬁéﬁﬁhﬁﬁﬁb%‘ efdmbe d%§|ﬂ$e fifsdslics! 3t brath HdeMhghd thatching

cl eaned 1 n piranha 10 solution (at 60C) for 15 mi nutes
shapechoavityhiec@uighthis exansple Mt%sml@ﬁtrﬁtébwith@t ragichinghemispherically-

snapecChEIBRC T 55 et S T TR B BPOgolmer

such a8 heeiueshlwiBEB %ngeﬂ)hemhcdl)Gdreﬂidymfet}‘famﬂbrle(r@SOpttcal Adheswe)

adhesi ve layer) and 100-nm Au (mask | ayer for
as an adhgisive. Neege Materie aee appliad tothe. devm gbstrate ) Wecfaﬁv of a thin

Cons o g oSG By P g <R30, SAEBER e v

conforrHVo'tlh@ hélief poatiupek aBgociated Wity ﬂie)olmp@tsg ené tizé pop-up
atterns in the photoresist. [

MId 02 pl €.,
lntercoa@@@@mtb\’ Hakiseassedribiaush the transpament i\bgffgl?eeét:'@g henhe
protorbfiE ) ShpSpIHER A 738l 9yt S0, dtes i

surfacé upamremoeslafang sampe. Firdil Ilmttagdatml totfoom adunbi@n 3l system

ivotve 58 Geapsboliark RARRGLE SrclosoR Fhp TR e ana e ond

184, Dow
”th°9’aé"§‘l"‘5 HQ‘Q‘]IEII&EP 2&290 %%pﬁésd&ﬁﬁﬁeﬁ’ oalf%g\rgggl %y@gkl ng at 65 C

for 4 hours. Slabs with guitable sizes and rectangul ar
shapes were cut fromthe resulting cured piece and the
rinsed with isopropyl alcohol and dried with nitrogen
bl owi ng. A specially designed stage was used to
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25 substrates to short-wavel ength UV |ight
%I ov\%gressure mercury lanp, BHK, 173 pWcnR2 from 240
WO 989¥B%hn) for 5 min through a WO mask pl acBel/PRz007/077759

(002058 R bl SIS SR AERRIT O ki el R Fopes: ¥t i

exploitBeait b tita-ast RaBRCGNSCciréhids teamaicgwiot dnatdé eclible, cost-effective
[ ns coated wi.th SiO2 were | am nate ai ns

.ribb d t the
and high PR CIRERCROPRSRECTON 1 AT iSRRI Il SHASE BRe 1 Beftpuler, the
chiplotFEEhIBL bcBeEoSilcth Frahdfstcrs BretessBa & B 01 fifdosian rule
to yieldsthedoeali pixehieveDM® cgesiag appdblities farthelHAgDé aystem.

rj. bbon. Enbeddi ng the buckled r.ibbons, involved f]ood, .
Conve gl BrapaR TS| {aghHW LS TS0 ORtnSAaLt v Rt ouaum hESp fevices.
The buriedUhdi BMvidiscpal sawrfisial Riyar Bhaddtut etching with HF) to prepare the

~ 72008/ 030960PCT/ US2007/ 077759 thi ckness of -4 mm .

chipletefor printinge TSuniptercennerts consighobarowiangzairf (o1 09 nisLmetal lines.

or at roomtenperature for 36 hours cured the

re ' |
rooz10f PRI ferhe SR teGaratSr lan e ERoRly B o ot
mechaBld@KﬂEi@gﬁ& &B@&Ie%gemdmlbtrpsed\lprhwair mcablemi?ha?r'g:gl tu?nsformation.
Qptical microscope tilting the sanple - 9| or .
ReVerﬁ'\tﬁﬁe'md‘é%F%‘iﬁp@sti%6@“%@%@8? FeUBRE aawe&whamcal
ool SRR 65 SSGRCIBSBANRE KA atreqy cspoc
is that sentgih dasascarnporeehtaiof theatrahsier paymssses agdl siratediesto control

sy ES R e 2080 B SRR SO T At A Bt nve

on SEEUAI400 .o OGBS L0 o rocess o

FIGs. 32 and 83. \KlGh 3d:shoMssa homekbuigrinteyuwith indegrateshwision syséems and
. bottom frame of  FlI 24B. A -0.8 mmwi de strip of
air presis BRI E R DI BRI LS PR sheet was gently
pl aced on the PDM5 with its l[ongitudinal axis

[0021 1*9 rpesyd {ypeaof pAnteheystents ardistl toad@rnonétrateseveldiepects of
his strip serv as_a shadow mask for el ectron beam

the proggap et BlGH%an egéo-ﬁlﬁ- BRISHRWSOIGRNING eleRireR Micgraph images of
e sorFEEYE Ko RAES b RBDK G GARER, 352 Bt sfor
islandshiotdrtommedted incklsqdatedisay withdvenvillzidgped siidbB ribbons. FIG. 36
shows R{fR o8P sc e FPHATER SElRORal TP RIoBREIoN. svgihpr
intercoﬁb%%tl.% [ﬁ%ﬁ\f\tﬁﬁ)t W@@r}ﬁﬂné}%’ﬂ:@eﬂhﬁ FIGP3ZDVR kb&a&ﬂé@ﬂ & these types of

sem con or par ameter an Zer. .
interconAgtts énthat,1\EBE) combimashwith éhe rapster of figlydormed chiplets, they

reducel}aR HERRIGH NErBROFHP SeErd PRECA I CoRpNEREkRr s of

processif cﬁz@éflf%n(t%%rﬁ@ﬁl@ér%ﬂgth of 850 nm provided the
Il Fum nation. [00204] Exanple 2: Transfer Printing:

[00212] In addition to materials and general processing strategies, full computational
modeling of the elastic mechanical reponse of the hemispherical stamps, the pop-up
interconnects and the interactions with the rigid device islands is performed. These
calculations reveal the physics of the process at a level that facilitates engineering
control and optimization. Simple estimates based on linear elastic plate theory suggest
that the strain levels associated with the processes of FIG. 32 can reach 10% or higher
for a 2 mm-thick stamp and a sphere with 1 cm radius. For reliable engineering control,
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[ 00205] CQur technical approach uses certain |deas

enbodi ed in the planar stanp based printing netho
WO 208/0398%1 y descri bed. Al though these basic t%ﬂ?ﬂ%‘éﬂ%g

P
s ne B ER s HEN P SR dndpSEthe a8 elsio el for
strains tipeodividd thiggesiue - itehe-208RDF |G HeTriskpWve rexpalim@ntad wiress/strain
ector for as.,described in

curves%,spg%a arlqrﬁ%%gﬂﬂ@%@}/ﬁ@g%ﬂwe @gvpﬁxggfl?gcg%aé{r]we level of bulk,
planar gur egb ﬁﬁﬁﬁ@’ Tﬁé Q%SQQ\DEDMQ ééﬁ?zﬁr@rto rd)\ﬂélé %didli) initial material

sur aces irst set ste
becausent ptovides highlydineiac and @lasticdeSponse pplttastremsojf ~40hi n,
spherically curved elastonmeric stanp designed to lift

100213, MeATEATREE EEmlnie P af 'l ple L e B Pues for

the motlili Ané geemaiRES b §wl ciipleReand\iisd Abiport popiUp intepeorwrasts, provide
is formed WO 2008/ 030960PCT/ US2007/ 07775 éhcaStln

informafien neaesaaryfor thpmedetiago il wesaPrreasitaihthercalsuationsare
I t
adopted 3 gr:?le?@rsggtfﬁﬁ g{:ggl f@%ﬁ%iéﬁ?ﬁf E’?ocfgf?@f’% E@’ﬂ?@!}?]’rﬁcﬂ gﬁ’é‘ details of
device end}iﬁbermgcbgeamtdye(e@e,sélze edpecirgy] mdltidaydre) oe the piadar
The sta has a no) ded cjrcul ar

d f
Substratg A7e REAVASy DURGTENE IANG) 4IRS Jo SAOR SHGORdREAGILTRStS) are
accoung@ég ‘r‘iﬁqiir%rcﬂng?tr%( Qﬁaﬁpﬁg A E%lgir‘él b gglu% ISEIﬁ'fpo%d i@ lgefdriiihe stamp

nto an appropriate si zed rigi circular retarl ni ng
and circuitsgontodhe desired tspherlsajisdaepealTrmtfame életrenh apsalysisdieel the

srain AR Gfor ety a8 st B ek S MRk Pecrs, and
non- unﬁbﬁﬁ%saéh PMdReceh *ﬁ'a‘h'sﬁir&ed%é\hcéd‘“ Thé aaeéﬁ@@e%@tsacn@ﬂ

hen peellng the stanp away 'inks' this element wth
approacheesmat ittcaptunes adittbe eMIsmfaeylce gepmeatry andanaterials, and

o 5 858 URE  BRet B BB SuElfrey gmi

proces$ I &rder &6 esduce t‘ﬁ@%ﬁéhrrRﬁ‘ﬁ%Waﬁgarﬁ@ ﬂoh&lrﬁfoﬁmn? Thixgapproach,
causes the PDM5 to relax back to its initia

howevere s epneuiabianalhiafrnsiveand Hiergtrentineaansyming piRg it inyolves a
wide raﬁgg T,I%l‘r?émtscgfég hgghé H{bo‘gﬁné i Ié}gbﬂu@ﬁbé}%rcﬁ)étruﬁﬂrés devices on

uces conpressi v rains at
the stamprface of the stanp. These strains are accommobdat ed
in the CMOS chiplet array by | ocal 15del am nati on and

IR ERICNEN T -
their m%&wé]m&éﬂﬁ{éﬁforh%%e%hgéaéﬁﬁﬁa@adh%é% EYebt&Iehtéd by a unit cell,

stral n-i nduced cangeS|nthe|r el ectri cal
and its pesguansei upon mwecharical lngdlnge(esg r bemding mnﬂﬁgnalﬁnMSGthdled

thoroughly 4 b8 e HHEen kR cashnEBES SEViteUS TTLroRgr LAY 1§ it cell

linked Eyaﬁh'te%oﬁﬁeét@e TRMEieREP hRice! isTienNResrpaestbd diterthe fidfle element

However, consunmes nearly the full pixel areas, thereby
analysip rt@)vesmlan@ the defeilpdmadalingraf devigestancainteroonnedts. F&E&\@Fmore

ovey TR FE oqd BB ke SRR3R Bl SRR A B3t n many

unit- ceIIPsf tan beheregrabe mpatifep pepfothante kah b@a\epc&@t@@byat@arse level
havi ng@a mat chi ng shaE_ed cavity (e. In this exa

model. sNganthe spliese edoe the s amwedﬂgmg m@nm@fma‘r U thal the  Jetailed
modeling of devices are still necessary. The advantage of such an approach is that it

significantly reduces the computational effort. The full-scale finite element analysis in
the first approach is used to validate this unit-cell model. Once validated, the unit-cell
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25shaped cavity). This transfer process uses an

ultraviolet (UV) curabl e photopol yner, such as
WO 205{08¥6? abl e BCB (Dow Chemical ) or pol yur et hBREUS2007/077759

I
model RGPS foterf 0P REGPPE Sheg RS S BEIEToi e IR Brpirgtion o
differehibdesigiis ef déviced, timescarinetts; madsheinispagingi qui d film
Upon cont act vvlth the stamp, this liquid layer flows

1002151 FRF: $H Bresnlsiraliingn R Mg ltsios STRETIE) 8 Bemeercal
stamp gﬁé%eﬂahﬁl';rgr aefr{)?erut;dri] is’dfﬂﬁfélﬂ HhadkuSty I?érﬁls%%ﬁéalté%pe) as

nd” t It 1nto a solid form
outlinegliin|FlGa 32 mddeHop ftamna showd a@pssaecmlwmofeMseracal

 starnp i SBRReVRE o B BB Etsh R NS Ta R ity 387 These resurs

show sfigRESPALHEE PoRfhifoRRItREdH esé efraMBlctthé@lfretdded membrane, as
| 't hographic definition of_the bus |ines to external

evidenged bydis ran-voifere th'*ﬂ@Z@@WﬁW@ﬁh@gQ@WP@ﬂﬁ%‘Qf the

stemp i BefPRECARET ofne'sHthays ARpth< M TET 15 Topped by

castingpaiadh au][u];eg ST @lim mgtéh &wsemoy?umfomﬂm@:bl kg wﬂxpc&tﬁm to rr}note
cost-effective an | erfornance operatign on the
hOWﬁV%rY’i‘%‘p?%W ean- %egmr%?a@&s?amqamawa ause &) <8 peRLP

mtercoﬁﬂ@éﬂssére a(?r@bbg@&ttﬂég %élg?éﬁt' SR (|f RgY Oﬁ{llzlé’cgl%g not have to be

processe esign ru
centerda@pel'fecw alebadhepizél Ipcatiars shedargappbotodetextorsarill filéhe pixel areas

with 2 Uniaren ¥k SREORRHOR GatY eHabIy §BF HerheeUoaEn Fachiciss

mdepehleléh?&tﬁélr%sﬁbﬁ!'vﬂﬂﬁn thepsaraiddsci al layer (undercut
etching wth HF) to prepare the chiplets for prlntlng

The interconnects consist of narrow and thin (-100 nrg )
[00216}et Ehe magsling [ceozisn) detesedumther levelgrad strain lﬁlathetSHeCMO chiplets.

o oy SSR0LH B BTG BRSSP 2052 2%t ol

changdteifi thpledsdtaedl propaiesrameal possibievwrichiabical fdilurgadue to fracture or
mechani_cs in the transfer stanps and conprehensive

delamigiomni bisimadeling faglikates s fesign of SiamesanAdrocessing conditions
to avoi@%bgﬁ‘r% &%Hé%ﬂ &ts'téﬂ str%rﬁé‘%ﬁcﬂr@t‘hﬁi%‘?{g‘r ve aspect is

certain c component's” of ansfer
processes and strat egies to control adhesi on have been
[00217]enExerhplet Biaxiafly Stratchainie Waty bBiicon Neramembranes
stages that have 15 been engi neered for those pl anar

rooz1a]; ' Phietane i 365 el AR ab|c el S 8 Eiaine
silicon Yﬁétfbohﬁfsﬁ%ﬁinﬁﬂdw&éﬁhawmda@ﬂ “Ravy’PEREGH hBnomembranes on
actuators suitable for uSe in this process. [002

elastorrrar@@ sURRIES Fabrication @rom@m@rah@smgwtumwm@ﬁc}r!aed and
varouE 4553 oF AT Bl RSB BAcCl Talfrd Byl spins iong
various directions are presented. Analytical models of the mechanics of these systems
provide a framework for quantitatively understanding their behavior. These classes of
materials provides a route to high-performance electronics with full, two-dimensional

stretchability.

[00219] Electronics that offer mechanically bendability are of interest for applications
in information display, X-ray imaging, photovoltaic devices, and other systems.
Reversible stretchability is a different and much more technically challenging
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20t he surface of a hem spherical stanp that is 'inked'

th an array of single crystal silicon island
WOFW?’@?(E’B%nect ed in a square array w th heavi If/C'HH§)7é'87’077759

mechatﬁl#ea'l Eﬁé‘ra%ié?f%%%h%t':vl/&lld %@a%ﬁ?&@xg?é’rgbgﬁbmh Qe cawggf b8 realized

anar to spherical tran ese ri
with electrca‘ncsathmms opiyrhenuabie tduehressmeart demicalegioves, Eldaironic eye

came i SRR D ERE o SESHE f oo,
stretch%Bleo\lvﬁ'é§ :nt?ﬁé%ﬁn?ét’ gl ‘Ei%vh:@‘?sl%ﬁﬁg td ?Foﬂ'l@ Brrétﬁf’l%lvélt dtRdtchability

curved surface lIthH ogr aphy or ot forns of
with dqyma:mpotgemfs rﬂ&attary re strle&ﬁa@iﬂ sipha alten@dige 2irategy, certain

structuf] Joirn B it FROR-63isTh 3B SRRy A RERE phironis matsrig's atiow

stretchﬂﬁﬂiﬂﬁlﬂl tﬁé|deK/Ri@§ﬁﬁén@blv{e@eRB@éﬁt&lﬁ?ﬁéMt?éhoﬁ‘sdﬁ%ved e use of
-‘up interconnects and the interactions with the

buckled; c@p@dm@@nsj@nals wanysgeemplriendp magorivhers (thicknesses between tens

and huﬁgg@c, &hrgz{rioﬁrg%e e%@@gvé&tﬂﬁ dr?ﬂ'\e/es W(ﬁ'gﬂ'f%%%gﬁ%ﬁﬁ?& hicdH afd gallium

arsenidepto achiede aniaxial atré&:hebmr:ymtmetdmm@ semicongactoefigidtaffect
Eqate t heory E&%est that the strain |evels ass (;

transiskrs VG F S B abpiopnductop g pHesh AN Sistre (VBRERIS). Pn

Junctlo’&gr fost gg} oﬁky%&r&% i @%a?ﬂﬁgrs?\?gstt%iln&ﬁ%rﬁ@mbﬁnes of

neering con
similarm%ﬁélfsmmmﬁmaw wordblengions (ABg e@vgrgeometries to provide

h f h d h
full 2D girglahep ﬁé&l clepiipsgh Bideealpes B Bupt svRers 9im dRstrioed,
togethér ith uéliffed e r:ﬁﬂ entd] QB SoteZ atiopnd i aﬁél&ﬁ@’n%déﬁn@ of their

curves of sev variants of PDVM5 w th which have
mechanicgeréspooseat the | evel of bulk, planar stanp based
printing. The 184- PDM5 appears to provi de a good

foo220, Fig” g Streiioald SRSl GerPi RETohiB thprshBapionaly
stretchiBleMSIMARIm MBI RNERSBHBEQSUBIET &R For Ohip lexdnmypléd, l’these
literature values for the noduli and geonetries of th

membr@na§|aé¢ sabyicatedtom silienn-peprsipaton (JPMonAeEs éSOIEﬁc@\WCdep type)
starin {18 M RESF S8drk U PO LB oD g e
dsametéuldnds-e:z& ] plmﬁ)ebyédeﬂmng smiidbllel pajte(rﬁsEM photoredisidiy t he

e e e e T
Piasmgrrﬁe@'ﬁ%# S‘i* 49 dcF B mTdheH b@'\ﬁ?}t AQ Fam%t StHP def;nels the overal}

’ Nt 8rconnect’s) are’accou or directly
|lateral dineersmiaiy/oi the rembramed whiobs forrtbe isanipigosxbried hikoara in the

sta and uits onto t edeS| ds ica .
range QGBa RS o 16 THpHTRsaES Sra PLTesTy b asdrdal Wt ligersing the
etched ¥aPhpied i b erf@itdd ﬁﬁ&%’ﬂhﬁné BRidRF 4999) $émdvEs ik buried SiO;

evices an |ntercon cts, an

layer (145~1000 nm thick); washing in acetone removed the photoresist. Casting and
curing prepolymers of poly(dimethylsiloxane) (PDMS) against polished silicon wafers
generated flat, elastomeric substrates (~4 mm thick). Exposure to an ozone environment
created by intense ultraviolet light (240-260 nm) for 5 min converted the hydrophobic
PDMS surface (-CHs and —H end groups) to a hydrophilic state (-OH and -O-Si-O end
groups). Heating such an activated PDMS substrate briefly at 70-180 °C in a convection
oven induced a controlled degree of isotropic thermal expansion. Contacting this

element to the processed SOl wafer and then peeling it off again transferred the entire
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15 non-uni f orm spaci ng between transfornmed devices.

The advantage of such an approach is that it r
Woaqoplo?qgg detail s of device geonetry and mter?éﬁﬁg%gﬁ@wEg

nanom&%ﬂ?drﬁﬁ@&@t PDRMS Ué Reirt e OA gelnttﬁé cBhiegioh &len for a few

ferent sugns o transfer printing process in
minutesrfeeifitated thediocratiore ofrattong adbesise boadd bebreemtffcomembyane and

the PORIS: BB R aT een; M aitsaempiA PRl BRite | hg8d ¢ foom
temper‘&t@r@ (cangs °9? td RNGAdE ﬁ%&héﬁna]ﬁﬁﬁdﬂb@d Riatdim FAE’IL{"H’“Q grocess

nbers of structures devices on the stanp.
led to ﬂnaép@atﬁn@ugp‘pmam oEtwo-dimensienal (ABYiwavy strugeves @fsrehef in the

st SRR GL8 rl F EAP 50 A0S o FEBENG T 1S o

differeftebéhaviord nciad tHee 8HES avharepngedihfsmsiaial beﬁddlngve(\esqaredommate
bendi ng and tension) is studied 25 thorou%hly Vi a

at the inPar regiens éare fiwetddmensigpal Bevingbone la a@awg@@Hy Byserved
and et Bbef ndr st obiec 5 B3R SRl Sl The

herringboakyegiontie cherdoterzdd ey thet a:stam:ertmﬂwben gdga‘cedépealesln the
and i nterconnects. Furthernore, fromthe_ edge

wavesy warcgmr@‘er inas the short wavelemrtfah e MRHLES ﬂﬁq“@uer% (not
shown Pl BB 2 B pRed AUl gl Bl gtind Mgboitea wi

the sepmdﬂd)n bbeesert hdjasphiciagsdythe herriigbanestrackure) which we refer to
uni form such that the detailed del i ng of devbhg
as the lgng waye lengibc £48e1 Gharasierighe aroeings WRVelSHEELE /K1

I t
eong s edfn il 630 o Y6 R G180 bl Az
the joghj thet jogamgm®hThe bottent framesalof ##Gc39 Riustrate theselféatures
nﬁ%g&y Once validated, the unit-cell WO
schemg ©30960PCT/ US2007/ 077759 nodel provi des a power f ul
design tool since it is suitable for the quick

[002213 X PbafabLIGT FG. d0fshehesiticde Misograthsledilee’Rs at dlfferent stages
i nterconnects, and their spacing. [00215] FIG

during ghefsmasiopras |h|em1mqnepwe%§m the gese oftar @ammﬂ@baane with 100

nm thn%@gg‘(lﬁgéﬂafal&%%mo $§5 4% r%%ﬁ'ﬁi‘?ng émLe{lé) §&F§in (gefined by

heatin@ts 150 8@? on~8§18%. 'B?eseTh%geQﬁnﬁ itat@st&hmm f@rmeusrs in two stages,
sectional view of hem spherij cal stanp

the firshebwaichyinyglkes prRJQIIBETHY @Hﬁtql@’&ﬂﬁ_@nﬁl wam QY%FJaFQ? areas
otowe ) peRnd U et ARl Asleold @b, BB, compgel nemngoone
layoutsmmfaﬂ zoeling ¢F 16: idded¢ e F 1By 40h shows-thaitifee evelbtiok n‘ébeth

cheraciIa YA IEERS s ShargRayBlanatn dhco deesagiirs the codling
leads tW?ir@‘re‘s b y% r%oﬂ‘?&e?%ﬁvé%%ﬁ bﬁ%é‘%c&r‘ﬂﬂb@% trﬁ“élfblattvely larger

hes non-unitformti es. 1S | rrpor ant
thermahooetrad:tm:mfeihe RDMES. sroperticataruihis mluesielceemsa‘m 17 18 umin

e ] SEREAN & BT o N RO AP S YERSHGs et anc

finally 16&123? dFﬁer?tHeOfuh? ceSRustsR. maid ﬁéﬁélﬁngﬂh i@@ﬁi”foﬁhxes% variation)
| ocation; the larger photodetectors wl

over largexateas: Bysconirest, dhe iﬂrfgowavﬁabgtfba@@tcraia@ wmhghemﬁnngbone

ovout VR BB FERS8 SpRR ATk SASITCHIIN g nFio.40m

Measu?érﬁéﬁts 4t00b6dpots acms@qhisrgarﬁpl@ yikld @ distributionof Vakies,
levels of strain in_the Si _CMOS Chl€| ets. The sgsterrs

summaizedi id the hissegrgntal FiG-140g Thekerripabene siryeiugs /3N bl ow
represtsh i FLbb RN ARATRTRA TR, GHIEA  oheosfirp) (FiG. 49),

fracture or delan1nat|on This nodeling facilitates
the design of stanps andggrocessing conditions 20 to
avoi d exposure of the chiplets to strains above this
range.
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[00217] Exanple 3: Biaxially Stretchable "Wavy"

Si li con Nanonenbranes [00218] This exanpl e i ntroduces
WOZ045/030968 | y stret chabl e for m of singl e cryst ZCT{YH007/077759

iero B LA, SRR A SRR BRIL TR et

211/K+ &8P e il maermg@ﬂhé@@gé Ql‘e dbtes@irkid Bic bl gsis doea partscular
descri bed and 25various aspects of their georret i e

membgae H‘é@ﬁlﬂ%e@epbaﬁlﬁﬁb&rpé’leﬁéﬁ%Ofﬁhﬁill"ﬁl aRd pUPHIEAEl HRY $hort

wovo L BEHAR9, 58 BOBIER o SRS rlh o

measiftead tiontcuril¥ed s wrdgicHoarrdMge myrstﬂ@mmés ogis thEngsslied prestrain,
cl asses of nateri al sggrow des route

instead jof e reraahrassain) (B 2N a'gle\,qqttpelfs@napn t%at deforms the Siis
yoial SoARTFRT B0k e e SRR PGPl g pogsbio

ioadm@@ﬁe@po’l ﬂheﬁ;uo:mmlel !ﬁDMS(‘j arheesi stralnu fsp Ie?amp}e i92.4% at the thermal
ot ovol t evi ces, ot he
prestragg + BoE By Erﬁﬁmme%wa thé: qffeéﬁeﬁ{ra@nanﬁ%ﬂ%ﬁ@em fields
Y
e ST A8, b, s o e e
theoryt ke fietdd id tbemmmmt@aﬁobﬁalmed feemt&&telaﬂmhpthel@ey
zed with electronics that, are o bendabl e
Minim{g st ot g P Gussist B oS BiprEbihe ey 00 &
energ)PrHﬂ"l%r@ﬂ fm'ﬁea"’r{d ihe”élﬁst‘icoéﬁer gy %PWS%%BH&@ gives A4, k1, Az, and
ctronics of this type, stretc habl e w res

ko. The Moemg@medulus@ddmlesoras ratio ahSsand AEIGiate ks rd30GPa, vg =

0.2, 548l T ARALABA Ve 2 0 5K S5oEARAREBNE ek v oo

angie etté et abicit 90er Tike Shott maveﬁe@ﬂw ghvenyisy e theohcie s ot at 2.4%
and other electronic materials allow stretchability in

biaxial prestedw. whish taﬁé&%iew%@’Ithﬁéééﬂpeﬂglﬁm%'tfﬁﬁ@“%ﬁ'%OY%\TJ]e\ﬂ@BQe

vanatnﬁﬁﬁﬁﬁeﬁlpﬁébons %ﬁgﬂ e ses ﬁ\m/e@%dt ﬂ"’é’éﬂ %Irdag&natlon,

from wftolﬁmpmeters and wwdths in the mcroneter range) of
silicon and gallium 10arsen| de to achi eve uni axi al

o022 B TP R SRS PR3] il st
mlcrog(ﬁogjgggﬁl\flﬁg{age%ot t%ﬁr?bglrés %hﬁi%cr%r%hesé) Mub#aRid iRthe fuIIy cooled

odes. This exanpl e shows that
state of FlGndOBLT hess imdges oiebedy shawdhatathe kernngeome pademsrare

Oty e M
the coffrE8dve afr8inds Temiierly batrapr! flfﬁé Héiri rhgﬁiﬁ"teasthﬁﬁures represent a

experi nmental char acter| zation and anal yti cal nodeling,
minimiam e!aeﬁlcr energy ondiguratisnpbatwedures e pvénat in-piane stress'in the

syt BB ) LRI, YR HREA, 8 Bl s, nersors

prefen@daé\ié?fr@r@ecaréé@,péﬁmpareﬁotb thBi“shévi@nipdard” tahdSHD wave layouts
menbranes are fabricated from silicon-on-insul

becausgthg herinabone sapde is themnly opewy fagse three modes t at relaxes the in- |
plane stress in all directions without incurring significant stretch energy. Only in the

immediate vicinity of the jogs is significant stretch induced. The 1D mode lowers the
prestress only in one direction. The checkerboard mode lowers the stress in all
directions, but it produces significant stretch energy accompanying the bending.

[00223] The two linecuts extracted from the AFM images indicate periodic, although
only approximately sinusoidal, relief profiles along the jogs direction (profile i) and
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zntlmatﬁﬂb’rféﬁﬂ Qét'mfeefr‘acth@ rhétnbARI8 ane Y PEMS cadbviiededd By the behavior
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of the sampbm&aj‘rtbe issall !’(Qie$ il‘h@e@bpctfu!ﬂl begh m%ﬁﬂﬁ%ﬁﬂd regessed regions

o o R} SHEREMSLL a0 PUICTEIR) BEVAR i A% Hitamy

uncorréBiédio thEWidrﬁoﬁ tﬁe@@ hek®) einee\the Golesize 30 2¢3 pat isdnibsh smaller
intense ultraviolet |ight (240 260 nm for 5 mn

than thegphiasactedstin wanglensahiso® the pistds raationdeedes a-ausgxperipents.

R it B

the silibon eah pravidd @ddBiongl insight< iy tus plysics and furtheresdlidate the
control | ed_degree of isotropi¢ thernal e‘E@ESI on d
mechagiss meeeiRgFIG: 42 shaws somey eshls pPelBgeRP L Migparantsen
vty AT AR L e Sugeros
thickndsset ifousichilae #térnml straingeFoph0@ o thickness, therAd and éw of waves are

mnutes facilitated the formation, of rong .adhgesi ve
12.6 (5paanss fler0uHa HirBPRRGIEN ARLOBARE T ﬁvfz"ﬁgﬁw Arf 45.1
(11.06%:"?@&93‘ ?%'ﬂﬁ?ﬁ”’gg@%(/t et eclégrraeggbf#ﬂ?eé ;e/ﬂ WithQRBdbretical
ca!cu!atbﬁecwdlth)&eldrthem érm_Al’,;are Thidsamut e@@smmon me ‘tQﬂ) mmecase and
spaont aneous formation t wo- di nensi onal (2D) wavy
45.1 ag@ Bt urgespectivaly, dpr 'ihﬁ* 3410 C3¥¢nomenbr ane and t he
near surface region of the PDM5S. These structures
[OOZZﬂXhTﬁéée Wafv{é Brati’f’e@ boie tFl%%trétEﬁalﬁﬂWr sMQiﬁéﬁh various in-
Mensi per| 0 c waves predom nate
plane dineationscgs opposeahm thetams-dinnenaional @Itrettdnabﬂltﬁg @r_cn@ded by

revil 8578 bS8 R Sl 2 PR =58, Wi urie

tensiles :%tél'ﬂng?% th %mﬁé%tQjﬁebﬁoﬁéﬁaélﬁgtﬁéalib@éiebynédfﬁan|ca| stage
I st anc et ween adj acent peaks in the waves, whic

and a 2Bfsietehabie membranernrepares! Wity eHhsrmalieingHped p[ﬁ:ﬁéfadﬂ of 3.8%.

Fic. 4455t s RO, et 6fe 80050 A8 4 fection o

el e o et i e, e gt
leadingiher R wavueeemelt at 4 tystreished siate f)seg §Vé%a\)§1 %ﬁtg%tﬁhmg
mduce%af)é ﬁen %E %@éﬂ ?egfcew ;%né%(rggjfésgﬁfg QF@W '}ffr?érzédqgﬁé? ﬁlr@&%n with an

amphtuldiegmuglhllyeeqq@g tamglfeofdhe T&Eslbcﬂmfhlanempoésﬂ@trae can be

accomgaqdiied Py GOTRISSHONA Hi9 waky ALPbP el BYFDNL RN lease of
the apgaécf %n%ﬂ% rs&tbﬁg CaSHé:h?QhéﬂFi% bBhERIHvVeR r@&o@éﬂ Itd @Rﬁiﬁaﬂ structures

a na omerrbrane w th 100 nm
quite sirhilarkoehs ofigatabr (#1Gd5 tehewsopbitacmicragsaphs mﬂ¢ctad@fter 5, 10,
pre ain (defined by heating to 150 C) of
and 15%“'@%"“@@@&3 mmages i ndicate structure formation in
two stages, the first of which involves predom nantly

[OOZZ%neTthrélﬁébpbﬁ’é’@ﬁa £¥figdnal Bretticraabelii),amevdaysimilar
endi ng of these wave structures to form uulmatee%a!onga

structmairqmngea@lmougln@h &l sitesohingdhe fll) wave siruplyresalign
d-f). FIG 40h shows theézme evol ution of both 25
characteristic wavel engths. The short wavel ength tends
to decrease as the cooling | eads to progressively
| arger conpressive strain on the silicon due to the
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coefficients, anplitude of wave Al, |ong wavel eng2 th
WO 2008/080960 j ogs wavel ength 2-rr/ k1l and the arrpllr’@'UH 0RHO77759

areci it 59 gy SR SEA A o, For e

perperificuléecdsd |m atedrdals Btﬂahrs@tt ’BS‘V'IjI”Uer@hvptbrtMas ef ﬂﬂgsémkile lose
(217/ki)sin(012). The npdeling uses the Si strain
compl%t@tyethmheémtmﬂ lgyautioureld nevhi Buvavesieng thg, af"%@hiftgo@fectlon
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Wi eddi MEA¥, G TENORS Sl PR BaBSR 8 e ey are
consistyt dofahesé baentdefl 1D nmvebeTlvese seww:)crabdw Csomeedh ate perpendicular
er t estinmated the rest ai

to the SRR OF G101 M Leen Talesenelney IAPBiReiipsreate 2
disorddrd8 I%mﬁ%lﬁt%}é‘!ék% Q/oéox%éﬁfvpﬂ:& all éa& Min IMPIG. hﬁiB”“%he wavelength

prestrail . such a di spl acenent w,
increasay witls tersileasitrain and relu:@.felrsae‘mrts:rmtmhv@ﬂu@un@h thet M®e even

tnougr bbERBNES RSB S Kb g hriRlad o B g poisson
effect. TR SRS ﬁs%s%&nwlﬂb@@efdquaﬁb@d B§ the uhﬁmd;hg@nhe

Mnimzing the total energy, which consists of
hernngmrn‘emselhet ylacget themthandeenaseyn this wavelsingth canlmﬂbby the

Porsol S TS NED sl MR BRI SRS Py breases o

211/K’ 4 HflGS'SZﬁldt é:’%ﬂg uﬁéeﬁhb%bpﬁ@é teSite strdif, &, dle tEE}El&/Bmsson

Bot h the experinents _and
effect. irmveg,u the qmr@spogd @ggo@ aegteoe be larpeuthanabe angée Qiietto the

unfoldigg é{f g@p\éﬁﬁ S iﬁ? géért x{]e?%‘lg‘tﬁ'ﬂ %Z}Zﬁ/k‘l)/&n 8/2)

becomB$hEE Vsaﬁsr'e]f @'sm"(ﬁ?%)' 9@ E’P’.bf@*& eTB@elr%ﬁQ‘F AWérﬁiHeOéﬁéd? of BRgle

["ong redi cted by the

changé beerfoetnemhed%chssdraeffem Olur tmacd6tical needed mivedh FOIR2,214.6, and
41§resents atomi ¢ force mcroscop

17.2 urs:lcfgﬁ fit T €1-8canbA. 8% sk safiragtyat thﬁgggst@;a'\@elgnnﬁh increases
wit 0 S S35 el ORRIAS E Shel, g o

mcreaéétﬁ\'}wth Repléd Btr@wh@rfstﬂﬂht $inos w\@smaeta&edmgame direction of
gzag Sstructures at define two characteris

stretchinig sleain oard theyiegsansigy (P iwrs eehghangsc sonit %ﬂfv kythe Poisson
effect. FRERiSkE! é‘[rétgrgéntglﬁt??ﬁ ;{RJ Pﬁcl’ﬂ@& rnHé\ﬂBFéﬁfes%?é‘ ﬁhﬁrlﬁ%stlgated by

represent asti ¢ energy configurati
thermet!lb!dﬂdumueasﬂe bizains¢FEG | 53)nThe deerirgbareswaves genwﬁdehy

and relieves biaxial ression i t irectio
therma‘rﬁt@|n9%lew1é&q?'§aﬁ>eearﬁﬁasetggrs@m $ias heed @'.ew"a?%\@fed completely -
upon cBb , conpared to the "checkerboard" and 1D wave
l"ayout s because the herringbone node is the only one
of these three nodes that rel axes the in- plane stress
[00226]n Ehésedbbsarvaiions appiponty toriberaentrgl ssgiond ptiagtmembranes. As

indicatB i i RGREh Rnes el 48Tad BHBPR A HemirShey fibu 10 wave

structukéé/\ﬁﬁtﬁ wWdlRVBERTS t:;@iiéﬁte@lﬂi:Itv!n%;1 theBeges AR ieageda@d linecut profiles
checker boar d lowers the stress in all directions,

of the edge ragign.dhe @@gtrgl waian, eastthedransitionesreadigtween them aré shown
in FIG. 44 YRAMY w%etst}ﬁapgﬂahgt% near the edge of the Si (top frame) gradually

become bent (middle frame) until they transform into the herringbone geometries in the
central regions (bottom frame). The A values in these regions are 16.6, 13.7, and 12.7
um, respectively (from top frame), with A4 of 0.52, 0.55, and 0.67 um. Compared to the
1D waves at the edges, the 2D herringbone waves have smaller A and A4, suggesting
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[00223] The two linecuts extracted fromthe AFM i mages

i ndi cat e periodic, although only approxinatel
WO 2008039840%dal , relief profiles along the jogs cﬁal’é'é‘izp‘ﬁ’r‘f"’ﬂss’

B 5O B A A TSR D 4d5on o

edges. I¢estregiaitateaadné edgels apptaxiratehausiakial BOmpﬁb&uﬁﬁwﬁhm
<£ respectively. The X given by theoretical anal )ﬁl
some gtaacgmngesbgcpqgaeapf tmpttqacp%-fr@gp%qgen@f rthgimempbeane. ‘This uniaxial

compr%%@mﬁ aﬂaréﬁlﬁ i Eglf%u@eé%% r‘?c! Lh%%fo?é‘ R B 1'E§\ABV8$ agi_ﬂg the

I gher v experimental resu
edge. Theestfédd statyg eowadvew bﬂc@més/ed}mwéxlalrmmﬁnesshrend |tmag central

region BGRER (6T NGPONR S TbGIHIES Rl ORI Wﬁ@t*ﬁ% pess Betwgth the i wavy
edge aﬁb'tﬁ&ﬁﬁﬁ[l@bgﬂbhwé\%% ; ﬁﬁ@al%ﬁ@ed BT BN RESINS chlisddg “semi’-

se Images also indicate t at t he wave
herringbbne etaveesitiathe laoge|ogt angle LBOD Moelehyiettist o and d\mfslited end 0.83
of these holes since t

um, reshagkvay (GAF § RaveNes 80d d2arne Bﬁe%ﬂﬁtf?%ﬁgﬂinﬁhg}fg Siructure.
These f{sfuﬁg%gg @Peé%gpu ﬂefPHﬁth%@"e&b@ﬁHeﬁtai%bb%‘éﬁ%cﬁ?a!@és

ndence e geonetry of the vy structures
on the thickness of the silicon can provi de additiona
[00227] nsTagnvesiigate furnherpmse edgareffects, wetabrightegbrestangslar

membraier AN aBe ar 00D sHPARRE VRS §F 10PER0 00, g 1000 . al

on the Qﬁfﬁ’lb' PORBSs st SF IS, rw&mwoémmcndgrmofanese ehrtibtures,
ferent thicknesses for simlar thermal strains. For

for twortm’ujerﬁm leNelsiafébermalrestraianAt jow Brermal peestiain (o 2.35%, FIG.

45A), tﬁ%@é)agﬁpﬂg(g gﬁw Eo% &é}rﬁgﬁe{)gfﬁ g)e]l‘l‘étgg’l ?Qﬁ%aegsoﬁorﬁ@\e side to

the othéhegith &, urGefopnedspgionsratdseonds yTrveanOme wide membrane shows
t heoreti cal cal cul atrons, which vy

similar 12 wayesiand det fagieRs. e DEvARTEYS STaA b@ 1 UegHEEE f the
middle %ﬂﬁee&'i’ﬁgh@ée With $\férr%ﬂ Bf‘dré%% 448 G ﬁf‘r[? {ﬂg%?%taﬂb‘?ﬁtﬁat are

provi ue“strefc ity for strains
substanmaikyaewtl‘mn fhe 'IZII]oiatanh 20dai |un~e cases Fordbe d POl squaltehé D waves

one- di nsion stre it ded b
are pregestin; tgg@e,nfrg @gl@@gﬁ% es¥5ﬂﬁ3@'&§f¢%sa%éﬁé %%gneur? the center
part of &%Pffem r?ﬁe REGHA" Y BEfbpkd h@ﬂ%db%n%tgéﬂrﬁé‘ﬂn@g E&sthe corner flat
al ong | erent directions using a calibrated
region,rtbetenisi arehpproaigeatalydsteessores sate duslie tm@m ifae edges. No waves

repared with a thermall 53 kal f Mo
form nBRER R B BB b B HE 808 nd 8] egons
all casésEgééreé@elm §&eah gr\aa\tmeww@qber@rst@fn t&étmo énmgo&@meabbons

caused the herringborie structure to "unfol d" 1)

but pronogeged heeingdong morphologies appear in the central reglon of the 500 pm
case. At the higher prestrain, equi-biaxial compressive strains are present in the inner
region of 500 ym wide membrane. For the 1000 pm square membrane, the herringbone
behavior extends to regions close to the edges. The characteristic length scales that
define the spatial extent of the flat regions, which we refer to as the edge effect length,
Ledge, can be evaluated as a function of membrane size and prestrain. FIG. 45C shows
results that indicate a linear scaling of this length with prestrain, in a manner that is
independent of the size of the membrane, for the cases investigated here. As the

prestrain becomes higher, the length of uniaxial strain region becomes smaller.
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ftect. (FIG 52) For case | the jogs wavel ength
-rr/kl (FIG 52A) decreases to 2-nik'1l (FIG
[00229] eThe mambrages thermeelver drayige iacepth da bigxgaliy stﬁﬁtﬁhaté@.telectromc

dewce?uglﬁﬁaég%gp eCisoiftln %cf %B%an 7 HE e Riqufe@%é’@éﬁﬁ@ﬁ%ﬂ'i@u%r

outconddthzt ehighiige abefuh forivertaimolasses of st tde\ﬂceél' He pahtioutar, in an
wavel en%t h X = (27/kt) sin(Q/2) beco

imaging Sygtert, hpes W(@ti-"zi') valigiire iafaiginyeg flah 58 @@ﬂeﬁﬁawdxw atthe
ocatoh B Y Ho8E RS To BIPRAS A RIES K g 85 5H0lngn nese
deviceahavé waymhdpes. EKb. 47 Oresends same rép&Eentativerexaodlés ob

o S She e LR IS8 et Lo BBl 100
100 un%(saﬂgrezzsfarn@lgzjco%%egd%? ngﬂ ggﬂﬂh'r%oﬁk (80 G RP10 um for

rarn, since wave al ong the direction
orthogorﬁals'tbbmshlm@estarmm andrhbrtzlmetaldg’ec’m@ FIGo7Ra$)natd in the

vortcof ARG AL AGN oo B e B hides E i ampiuces

and wa?)e?’&gtﬁé’ Sﬁﬁeﬂ\%ﬁé’s RythENsHams! prolide ur edahe 6 iabeomiiatiaé applied

The herringbone waves generated by thernal
straznssnamamewm@t !anwnsppwdadeayma’i@ng arpreeregignseithegpquare

slands. WY XSG L SHRIG S theds YRABUFELL dleral different applied

strains. Parts a and e of FIG. 47 show representative cases in the low strain (ca. 2.3%)
regime, applied by heating the samples in an oven. Parts ¢ and g of FIG. 47 show the
same structures at relatively high biaxial strains (ca. 15%), applied using @ mechanical
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[ 00226] These observations apply only to the central
regi ons of the nenbranes. As indicated in the bottom
WO 20050969 f FI G 39, the edges of the nenbr aneBCEHBHOHET7759

. ' | . .
stege. SGHE SR A2 0 S HREHRE RS RSB Bt o fftenty o
stramsr a@wemrut:h&eseegrnatb forgiivthestegiars. Gomsadhe@l‘omb@t&feen PDMS
tween themare shown 30 in FIG 44. The

and S'tW?@t mgitainggat afl siiains @seigunoin thadilted apggapSEMaw@ges (FIG.
I a
478, O T RS O Ao bTE e, SER et ot Biina o of FIG. 47
also cardimtrthe streggdonhd(dfd@itwith PDAM®) . The X vaI ues in these
regions are 16.6, 13.7, and 12.7 pm respectively

roozsal BSREH b hbfhes 7 1 Ror Hag s Pro i i phlBrinee

elastorhél*"é s05&PAes WG KRS8 BTE ' suciréd dithla rapig@dsigeohtktries. Many
WO 2008/ 030960PCT/ US2007/ 077759 that the inner -area of

aspectgjof the afechenical behavien ¢idhgss spsienscaredmgoedsgreesention

theoreti%gp @r?ﬁgﬁeﬁ&&ﬂ&% ifﬁé%%ﬁ%ei:i@tsqerg nry%%ﬁl h&e @gﬁétier’?‘s of electronics

in systétnstvittare fulhsipetchabiitisie reGuirde duriag Useor dueing entgellaton.
t he menbrane. This uniaxial conpression is parallel to

this free edge and therefore | eads to 1D waves al ong
Referefg@s 5 edge. The stress state, however, becones
equi - bi axi al conpressive in the central regi on where
r t
1. Dual L O M SR RRLSs of COfnpobfia seRnEbid RAordtowires.
Adv.Matee 14 298a32(P00I0AXi al conpressi on causes a
"sem "-herringbone wave wth the large jog angle. CQur

, el yi.el ) 08 . .
2. XianBodditt WoF 5 0, e Yo daA L en Gom, s porpyis,
heterodtRictlres delighqehRnants fieldiefectifanBiase. Nesuret 44159802493
reasonably well with the experinentally observed

(2006)val ues. [00227] To investigate further these edge

effects, we fabricated rectangul ar nenbranes with

of; h p2
5. W YeDPASA kA RINRRLet B Dot o v, pZRiroaRE,
semicosdooor otphowlesmad:longrgtplmsh,oéssdrrwp, and novel rpeeperft:es €hem. Eur.
i f vels of thermal prestrain. At |ow thernal
J. 8=12%r1é£f¢§ﬁpd(233. 2.3% FIG 15 45A), the 100 and 200 pm
wi de nmenbranes exhibit perfect 1D waves from one side
4. Pan!2. WheDé’it PeR, &vwahgf bat Naﬁesélwaﬁbrhieeh@@@nr@tom@s Science
ends.” The 500 pm wde nenbrane shows simlar 1D waves

291, 1H7d1942(20Q4gi ons, but the waves have slightly bent
geonetries in the m ddl e of the structures, with

5. Pend 52 Bl Re VAR, VRIS BB AR Ak visatos

A. P. Shape icbatrd0§(C B panatsstals) Natves 408p59-601(2000). i n t he
central reg| ons of the edges, with flat areas in the

t he .menbrane shows fu

t f .
6. Wenge Dol G5 erk hisbrie e DHUS0n FEFo{ERS BB AR Nifovires:
bulk syéfh@si%”i rﬁ‘@r‘iﬁn' et Pfu%hﬁ@élf%a)[oﬁt &5 Bah r%ﬁtrséléﬁﬁett
o The ree e Waves ormn ar suc

assemigpr hekrm. Chetrh Sou:ﬂé&'sﬂﬂw@?‘bﬂésﬁdizmﬁn 8% FIG 458)
the fl at regl ons in all cases decrease |n si ze.

7. Huartly 1, A3 B R HE: Tra sbndvete?  foford "’”ﬁf&éa@f’?ﬂwh of

zinc oxideen&ifiWired by @Q[chIﬂréﬁsﬂd'r*F AROMRITREABE 11 3¢1 1eh@obi gher

prestrain, equi-biaxial conpressive strains are
present in the inner region of 500 pmw de nenbrane.
For the 1000 pm square nenbrane, the herringbone
behavi or extends to regions close to the edges. The
characteristic Iength scgges that define the spatia
extent of the flat regions, which we refer to as the
edge effect |length, 30 Ledge, can be evaluated as a
function of nmenbrane size and prestrain. FIG 45C
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WO 2008/ 030960PCT/ US2007/ 077759 Therefore, shorter
rang:wlD waves formand sim | ar behavi or can be

WO 9883096 i n t he stress free reg| ons near t hePEMHBSIPEYT7S?

8. Gud\%g\gﬁslyt &8,35% X ﬁgétfe&g ?d n%drﬁou%ﬁ g:@fr?e"&‘iém%fter and

length gEsingler ¢rgstal smhcmdugto@lrranbmesoyaprsys IGheng 0B 05p4062-4064
triangles. The results are 5qualitatively consistent

(2001)wi t h observations in the ribbons and squares of FIG
45. In particular, the edge regions show 1D waves
9. Yu, HT,'LE”J ego iR Wenﬁh?_ HF9€ BUNWEMES ENTWY-VBBsUS three-
or't hogona or’l ent'ati onl'y appear’ at di stances | arger
dimendidrzal qulaetUmd:gafnﬁement indnditlge ph&sphide evirssraricedots DNaebMater. 2,
9 near the edges, with an overall radial
517'52§r(2§ﬁ{55ti on due to the shape of the nenbrane.
Her ri ngbone waves appear in the center. The ovals

10. Su )X RiRogkPs, JIIA. Favhiehang gémuairtdn@mhwandmmdrbwrreg agt amsfer
at the edges of the major axis, due to the

printing exdlened afrays of tham enfmplastis subsigateasNane rl-etthé h%&%ré 8a9 (2004).

and triangl e shapes, the sharp corners (angles of 1200
a rgs [ \ f
11, YrE %, G, B8, Yoot S fiod S8 ebricaon o
nanosthetaes s sm‘lf.jw costdibnes sm{:om dtht welbdgfiesd dimosndidres and shapes. 12,
nergig of 1D waves, for the |evel of prestrain shown
1426-1hePd2 shapes with clear 15corners (e.g., hexagon,
triangle, and tip of ellipse), there is no wave near
12. Kocgétﬁbék’é ner l—t%‘?ﬂﬁ?Hs.? B N qrdy FnM”@R‘é%s ng. 17 €BnfEOEISSi nanowire
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13. s B, R, g (000 B olBur S oL AR asS3recty o
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| tral Opf | for e, i en R &Y P. Si
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These structures consist of 100 x 100 pm square

15, Leé 3{ a.notﬂoréwrrﬂw eqlidny, MOARThiIES Qv IR), M SE( Shimmax K.,
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i AL Bl S B e Ao ATk g reve
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16, Ga h0R i SRS ESh ST, B L5 8 L Borversion o
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(2005)I ow st ra| n (ca. 2.3% regine, applied by heating the

sanples in an oven Parts ¢ and g of FIG 47 show the
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[00231] Example 4: Heterogeneously Integrated, Three Dimensional Electronics by
Use of Printed Semiconductor Nanomaterials

[00232] We have developed a simple approach to combine broad classes of dissimilar
materials inio heterogeneously integrated (HGI) electronic systems with two or three
dimensional (3D) layouts. The process begins with the synthesis of different
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some regrRsen y@@y@ﬁqmgmprqmconductors or other materials provide
high speed operation, efficient photodetection or sensing capabilities while silicon

CMOS provides digital readout and signal processing, in circuits that often involve
stacked 3D configurations. Wafer bonding (8) and epitaxial growth (8,10) represent the
two most widely used methods for achieving these types of 3D-HGI systems. The
former process involves physical bonding, by use of adhesives or thermally initiated
interface chemistries, of integrated circuits, photodiodes or sensors formed separately
on different semiconductor wafers. This approach works well in many cases, but it has
important drawbacks, including (i) limited ability to scale to large areas or to more than a
few layers in the third (i.e. stacking) dimension, (ii) incompatibility with unusual (e.g.
nanostructured materials) or low temperature materials and substrates, (jii) chailenging
fabrication and alignment for the through-wafer electrical interconnects, (iv) demanding
requirements for flat, planar bonding surfaces and (v) bowing and cracking that can
occur from mechanical strains generated by differential thermal expansion/contraction of
disparate materials. Epitaxial growth provides a different approach that involves the
direct formation, by molecular beam epitaxy or other means, of thin layers of
semiconductor materials on the surfaces of wafers of other materials. Although this
method avoids some of the aforementioned problems, the requirements for epitaxy
place severe restrictions on the quality and type of materials that can be grown, even
when buffer layers and other advanced techniques are used. By contrast, emerging
classes of semiconductor nanomaterials, such as nanoscale wires, ribbons, membranes
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a sinple approach to conbi ne broad cl asses of

joozse Fiahd 7 (TRIESIrp 8L Rl SQRRBEBRER g s SE A
systems. The process begins with synthesis of the semiconductor nanomaterials, each
on their own source substrate. The devices presented here integrate nanowires and
nanoribbons of single crystal Si, GaN and GaAs, formed using wafer based source
materials and lithographic etching procedures (16-21), and networks of SWNTs grown
by chemical vapor deposition (13,21). Scanning electron micrographs at the top of
Figure 57 show these semiconductor nanomaterials, after their removal from the source
substrates. For circuit fabrication, these elements remain in the configurations defined
on the wafers during the fabrication or growth stage: aligned arrays in the case of the Si,
GaN and GaAs nanowires/ribbons and sub-monolayer random networks for the SWNTs.
High temperature doping and annealing procedures for ohmic contacts to the Si, GaN
and GaAs can be performed on the source substrates. The next step involves
transferring these processed elements, using an elastomeric stamp-based printing
technique described previously, from the source substrates to a device substrate, such
as a sheet of polyimide (PI) as illustrated in Fig. 57. In particular, laminating a stamp of
polydimethysiloxane (PDMS) against the source substrate establishes soft, van der
Waals adhesion contacts to the semiconductor nanomaterial elements. Contacting the
‘inked’” stamp to a device substrate (e.g. Pl sheet) with a thin, spin-cast layer of a liquid
prepolymer (e.g. polyamic acid) on its surface and then curing the polymer leaves these
semiconductor materials embedded on and well adhered to this layer (16-20) when the
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[00235] Figure 58 presents a three layer, 3D stack arrayed Si MOSFETSs fabricated
using the general process flow illustrated in Fig. 57, using single crystal silicon
nanoribbons, with doped contacts (formed on the source wafer), plasma enhanced
chemical vapor deposited SiO2 dielectrics, and Cr/Au metallization for source, drain and
gate (24). Each device uses three aligned nanoribbons, with widths, thicknesses and
lengths of 87 pm, 290 nm and 250 um, respectively. Figure 2A shows a top view optical
micrograph of an edge of the system with a layout designed to reveal separately the
parts of the substrate that support one, two and three layers of MOSFETS. A ninety
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deflnedQEg@r‘ émhsrﬁb@ﬁahbea dxbhﬂ@éﬂvaﬁ@b(PECW? dtfpoditdd S0,

, on/off ratios >104 and thresh

(Plasmatenm, 600w, 90AMTETE gB0sAeT: £ %iBiHaerteisdse tehn250°C) as a
mask t(ggélgtg&%%ﬁ%ﬁdigdcﬁi?msle%ﬁt{o ggﬂ ﬁ:'rqé' deﬁr‘}éﬁr &FS MhadHa etching

throughP4 %ﬁdmetslaybﬂoﬁpl@btbrﬁmtdeﬁ&@d ¢he ecibbbas vihdereus etehirg of the
sem conductor, as 15illustrated in

buried @ége svinderncentrateth Hesalation (Frishan @h?fin@a||§>reke§8feg%ﬂ%rlﬁbons
rom e 3 RSl o AR LABIO R chaBRPbp roblins o

single crystet $rn¢omﬂiégﬂ1e hext s;epscmtac%%g alﬁlme)astdr@%ﬁaram of
TFETs usin N an I nanaqr|
olydimesiylatorane DM % il0: Syoets T8 ofPY Sommnaiyilbte

photore%@‘i%élb@ W:H%ﬂg'e{doctﬂbh ?ﬁés ﬁ%} ingk tlé?é‘ gta‘?ﬁﬁé}ﬁé{fedﬁ Ef?eg%bons from

respecti vel ing 2 evi ces
the wafblEWd Iefht['tdm atihesad, Ibwan dereValals formbetmegn the hydrophoblc

o i RS L S D A b e 31 i o
Si ribbd@! ﬁn wWater %@Wé‘l%'lndtt@d' %Bﬁs@ﬁ%d@rﬁ%@ (Pﬁ%ﬁeéh@f 2R (Dupont,

S are m r espect | velig Each devi ce
KaptonmeeE) mNcoauerm& edbmjaw ~3£5 p;m)tqf ligyigh Pspresuesoss polyamic acid

e NG N 48 556 1 AR RBLA Sroping

the pho%r%%ls"r |RiHeritbon? @hBS&dEw onandeelladhgredsoling rs&t'fece of the PI
VWT TFTs on the second | ayer use Si 02/ Epoxy f

substralte;eTrgag@teomene@trtqIauehw&@tﬁﬁk@fﬁday%@fr%l@z (iFekngss il 00 nm)

oo SR ] VB 40 En SOt cr o

as those shown in Fig. 5§7 Vari-ous ot her 3D
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FI GL devices can be constructed using different
conbi nations of Si, SWNT and GaN 30(Figs. 61 and 62;.
WO 208/03086550C presents the current-vol t age PCT/US2007/077759

T N g

Sources idrih andt gaté dsetrdddsrofGriyARd (SM Oohrﬁn Sfmmcm)ttmi & ®p Bhelectron
GaN HEMTs have threshol d vol tqﬁ% Nit) of -2.4 0.2
beam Q)'ap&ﬁ")“dﬁm Temessal E?O?SS Grverer g@aﬁam'aa@eﬂeepyo 6

Ts have Vin= -5.3 1.5V, on/off
photollﬁ)lo? %ﬁ‘y %%tgwgy\gﬁh]-r%ar mobilities of 5.9 2.0 cnkNs;

the Si 35 MOSFETs have VIII = 0.2 0.3V, on/off
[00239] at Gabl deMivbsafhN rmemstmoibures wiees falfrica(e on AMulk wafer of GaN

with hefeyBeiGEre FaLeANEN iy CARTR A e PN e Bl SHERD e contact

area défiHed B} AZWHIIY Baﬁcﬂére(s?s'i D theH Ve ARY With suemp@ma W & RYE

i nterl a ers , Is their nmechani cal bendability,
systemwii EIVAI{MOAAupﬁﬂ B5t56r nmp piataldayemeas than depaesited by e-beam

evaporBh &R LTINS and il By EPol-tBnIALT Walfino ayay tagpesist
compled§y lefemetd] coRtactd ohiGhe GV ST ahhgaled % 859 < for 30 sec in Ny
function of bend radius. Figure 590, which_shows these

ambiery d@raned e RIS M(Biaﬁﬁ@tlﬂe@hﬁwm&msorrn%wcm 2%
S[H4/H%29§§§?@f]1 @fe@%, %%65(2%” 'd&lﬁé%o%ﬁéaﬁg&ﬁo?gﬂoﬁdb%gT ) layers were

deposﬂlék:lemet thlecmlask nta&eﬂ@ls ri@rcwmm]uént imeldcthesiyeonplediglesrant(ICP)
in thes devi ces can Create [

I’]]I erestli ng?n

etchmgc.F’mLmtth%aan.| ‘iV?‘i @ghlnﬁh@nmﬁlﬁ RIecssRing (3R Bt 059&%30 CF4,

100w, §83hin déﬂné@ﬂ?’éﬁ?&?ﬁﬁ%@%@r‘%éoﬁ e@aﬁ%ﬂ@ﬁréﬁ"ﬁé\hm{ tﬁe?/Photoremst
evapo atlng met a es over a into |1thograp

with acdtefnen é0P ajre eicihgsg (FRgnierr605 premdbi2s Ssoom Ak atP0éRias, 14 min)

was usHil 3g Fempie 85% Breast Bal ars olch gty MCRas §9 Cot 5 umto
facmtatlaQﬁ@ sﬁbs&\%lﬁ&ﬁt a¥stirdpia e@hlmgﬁ Wé@tr%‘h Stich&8 20y from

l evel s th a supply voltage of 5V, this doubl e- Ia er
underngathethecGals)using agemletméﬁmmqmumahwrgxlde (Aldrich, 150°C for 4 min

30 secf, ReCEbI o Spbhb I EOmI6 1 MIE: AR IETREREC I fothe

PECVD BfOs b |aa’fe\ﬁl BeMh %t@éan(e%bord%ea 13@26%@%6 ep@suted on top of
nverter with a COI’Tp enment ary desi y use of

the GaNrftin@nat APBMSlaRdnkes’ WithstreTgahh tppr@fi‘éfafﬁénot@mwvafer was
then Ia%ﬁﬁtgﬂ%ﬁg rf%@lﬁﬂ?gi égwae%ﬁ gs%'f.ettdﬁﬂ’ﬁ@'# e F}fl.{??thane (P, Norland optical

adhesuwlwo dRBINTIdE Banth@mtas(éSdp@sed?nc) UVI'hghits(ﬂ @8 chme%) for 15m|n to cure
lected with . a 5 V hias to the

t I
the PUGReeiebea e PAME 71 fapoviadhe®-0eas 507 B jsameraian in BOE
for 20353: %Slﬁ% Tﬁ‘@ tr‘él’léfé? of W@%I\P@I@n‘@té‘% {H@piEFﬁ’@ s@@stf&ﬁé A
Ual | at lve consistent wmt nuneri ca Clrcu
negatweu phdtartsscst $AZ lﬁL@FZDEO) wes asadia mbtterarﬁ:dmttkmobtadts of NifAu

(801540 Iy o1 o S St Eh 2By A4 iSERPS (Y K el B

Pl substrates, to denonstrate a capability for

[00240f algwaer ﬂé\ﬁcé’é’ 'Ghé?ﬁicbﬁve%;ﬁtﬁ*dé‘r@éﬁtibnb(@\mﬁ\ﬁas rmse@ttc ggow Random

I magers. In this case rinted nanori bbons of
networks of iokividised single waled mdoarengmmbas opRDIOHST waErprerrtn

ioma BB g4 FRNEH I P e Sl B A5 gttt e

feeding dg‘@soﬁ% infetBEiné Neo0®beemid s ithdeS0d StéritHz). Phe Qualiz tube in the

sited on the ends of these GaAs nanori bbons form
furnacaowaﬁ flughecwithsthightfley af Haeas iwn slearipa baforg -arowth. 1@1””9 the

o 3 RSB BRI RESHELG 3940 PRAIEE] T e potea s

i ncreases (Fig. 60C), comrgistent with circuit
simulation (Fig. 66). A responsivity of about 0.30 ANV
at the 850 nm wavel ength is observed from1l to 5V,

wi t hout taking into account the light reflected from



10

15

20

25

30

WO 2008/ 030960PCT/ US2007/ 077759 useful for advanced

A(i/?stems such as curved focal plane arrays for w de
WO §’|0@9|5‘R ni ght vision inmagers. [00237] Pri ntBg/US2007/077759

roceci SRRV B IRSREE ks Bipyetioranraveponcles sany

dn‘feremtn*n e’dtrddqgmk')ﬁmle adbkickfAwizayer aadl izoP, pneou rson Ivs.;eré cobtegkon the Si0O./Si
ggest e

h
Substrale AU ne EbaR AT R E G P, Baiyinl siespedied Reek, Larigating this
layer a@ﬁﬁ%?ﬁsor@;ﬁ&te‘rﬁecﬁ 'dé%c%' SHstand Eé?teehﬁfﬂ Q'ttﬂn%‘ﬁbﬁ?rl?yser (SU8, 150

I ncor porate unusual sensing mater
nm) and thbncremwmtgl theaH’I amid Au dayerdyeokygeaceachiecionaiching and wet

. phot / t hat ' Light .
etoning fsmes el ool dhe BantBhaicns osp of boPIendiavires. the
substrﬁb%@?b@ﬂé& %r@éatt’érﬁé@@b%ére%%%@ﬁhéﬂilelébth%t W srticular, gate

O conmpatibility of this approach w

th
electrodas of Orjﬁgﬁ@m&/@aﬂ Optraj wiete patietnest kysphelo t@pggaphy and then, 300

nm Sii FRBRIP BT A e ne SRR (koY BBl Rbicctodes
of Cr/APQ%?ZUrﬁﬁ) weROGH ed\BifSERydrStopNY tNETLEXS: Devi ce

rication: Silicon devices: The fabrication beg| ns
definition of contact doped thin ribbons

[00241;1. i n@@ Eiguis el Sld‘ﬂMQSJWVeitébWWF'@UQE, geyiges were &qngﬁucted by
repetiti{éé‘@%@ éﬂﬁ%ﬂﬁg%néﬁgéﬂ?az@é\t ﬁr%igla‘gu r%% 4%%@%%0 ﬁt@%@ [Ph ia?@cu rsor

was spiri-cast art #e fop\oflaneskistingslalyer ofideices, regd subcon’gn!azbm were
sour ce, and 351 n- on- dopant (Fil nt

transfeR REDEY SRSt IS SANE Pradssee e g Ben et 18 il dfviges. For

vertlcaﬁlggfﬁl‘?ﬂgrodgﬁ‘n@%?crsﬂ Bé%%tgé}rf@g%at »I%*I_a aﬁfe?ﬁe& Bgscc & R(Eéﬂnlng

openingsaca ia;aera}le(zti%)kphojomsr&tr and Weewetcbmaﬂwasdtffe‘ Sikxsand P! in this

excose e el St 50h i 5Pt G o s

area esthBisHe cdr’ﬂﬁ’@c’s@#*th@béﬂbmg aﬁﬁ prb¢dBd nesleetdcary voritthuous

concentrated HF solution (Fisher Chem cals @) rel eased
conneation Vel on stepresige fosmegy themicked Bifezatd &Elconpl et ed

the fabrication of contact doped ribbons of single
ovz4s] YSOATT USROS R SRR pEABRECASBE H i
contact%th—Au a0 nigy lde&ngd b@gbhomlvkhﬁ%reph? on theltthbe hetworks. The SiO-
ot or esi st coated r| and .t hen peelin
(1OOH%Y%'n"ﬁafneéﬁ’éb%tﬁatﬁﬁgo\"ﬁ@géﬁs SRR etk e oot et S 00 om)
was th%‘f’gﬁ ﬁoag@éf oég‘gﬁtg Lél\,(&ﬂéeté Fﬁ]ﬁé?%?éSWNW%sﬁéﬂérs were selectively

otoresist, to the surface
coated (Wlth pbotsrems;i (ATBR14).dxftert U exposkredor suting otegpxy, a PDMS slab

ket e S S S P SR8 B S ppaverty

removéla gsﬁwﬁ Hiarhuhﬁ §él|n(g b é)rﬁﬁlbté)fhé ﬂré&h&fdr-b’hnmigegmc%@é, Cr/Au (5/100

amc acid (Sigma_Aldrich Inc.). Curin
nm) wqmeexsedmscmnmyu contadts fomeourcnBNgtdials, elaﬁuﬂo@@s ingpergicon

devicos, 108 D #as eel Fésér'?ﬁ?ét'tﬁ%@?“?ﬂ@ﬁﬁﬁ?%ﬁa%%ﬁdgﬁ’f'e'

dielectric |ayer consisted of a |ayer of SiQ2
[00243?t ha k8 MasSV- 1R0G:tadior @iﬂ@gﬁaté@‘ﬂWWYSPﬁW@aAs I\rﬂfets (@Byinc.,

ow tenperature, 250C. Photolithography and
Bethlehem, PA.) were used to generate back-to-back schottky dtodes The ribbons were -
generated from a high-quality bulk wafer of GaAs with multiple epitaxial layers [Si-doped
n-type GaAs(120 nmysemi-insulating(S1)-GaAs(150 nm)/AlAs(200 nm)/SI-GaAs]. The

carrier concentration of n-type GaAs is 4x1017 cm. GaAs wafers with photoresist mask

79
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WD 2008/ 030960PCT/ US2007/ 077759 pl asma et chi ng defl ned
openi ngs to the doped source/drain regions of th
WO 200803860 Source, drain and gate el ectrodes O?CW$3&87"077759

e R A BRI B B S BBV, 52 . e

(30 wt%) fwiﬁ&hﬂpd@lbn detv@étet hO’QEENAS |&yeds wedre etcmad@wagﬁ with a diluted
&GN devij ces: GaN m crostructures

HF so[étgm inc&tharoldi - 2inyalumedslayess oM ikand 28nm %102 were the

soos B PRTHEToloP A OO B oSBT  hs ver

contacigtiotocr yes bf Snilandisiors ceateddvith Ph(thEndsa)n Hopm).i Pealing back the

PDMS g ekt Stopey Bk blrfehpamalates, Heansiensf Saas to the
device %8931‘:’5’@ Nﬁétﬁl@‘(?ﬁt [1é‘!’#?@rhrﬁ)“f@r-tht)@!\@.-‘c%ﬂb’fl@;(1 é&%cfshﬁefeeééﬁdsned by e-

conpl e netal contacts on N. Ther mal
beam euapeaatm ﬁlecﬂﬁ@almifemommc@betweemtharﬁ%&bacbitwéack Behottky

codes Seie RUORT 53, BRI 51T B SR 2y D

photor@é{@tpmeﬂ é’tbmné»':tﬂrduﬁh thayieniny §siflg 0TS 4redOa pldshea MRS RIE

materials for su seguent i nductively coupl ed pl asnma
system(arghthestdenasifing=: 8061 B6GF-aphy, wet etching, and RIE
processing (50 mforr, 40 sccm CF4, 15100W 14 nin)

B L e e

41 SSCX §nd€ am‘&mventudr%l peoinghlatidn wersnuded for 10O ¥l dRitrical chdracterization

used to rempve the exposed GaN and to LEB
of the cgqaqj%en@pq trapgistarge leg Ilfrqsg)rﬁ% %) n}ecﬁﬁurqzc? ypden I,ﬁ source with
n isotropic etching. The Si was then
waveleﬁy{?ﬁed awaiy\//ﬁfrom underneath the GaN using a
tetranet hyl amoni um hydroxi de (Al drich, 150C for 4
[00245ki rCipquitBinsdalon: TFecempptetheamedsieddransiemunye of the CMOS

verihiih ks S PETRAR IF FER RS SeT and e

p-chanfél Smmpﬁmer@ég\brﬁerbi%@f@npiﬁcBWﬁrﬁés@WSPm@hod/élé lvere created

the GaN ri bbo om not her wafer was then | am na

based e &gdefaltiSBIKEe MQSEEEdadeH{MbraakN angdivieraakie v‘(q:{qpxtracted

peramQBEL ] GBS L Al B IO RIS 05 shoun

Flguretm che PSPICEgnbdal Kot GeAENSNmetbejeiectog walsecreataglaampirically

i mrersion in BOE for 20sec res
using bapkria Ack GonpREy diedosIcRaRGed] Series Mist MOSHETr at e
A negative photoresist (AZ nLOF2020) was used to
at lq.@!)g cts of Ni/Au (80/180nm. The
[00246Eho|:tﬁégfr%g%rl§'sgt§q§£§x?e vgd with an AZ stripper (KWK for
30m n). [00240] SWNT devi ces: Chem cal vapor
[00247} epbd{.tBanerieeyd) JwasuriskdKapurgKow. r&aﬂawtstﬁ’ra@t Nl 89, 602
of individual single walled carbon nanotubes on
(2001)-5i 02/ Si wafers. Ferritin (Sigma Al drich) deposited on
the substrate with a nethanol was used as a catal yst.

[00248] he e elinGaas, B ARt M. (80208 dERECFaNG, Corspdidhts,
sccm H2). The quartz tube in the furnace was flushed

Packaging.rand Meghfaatuing T eginajegy.fRart Bl An2 A49%DF ore growt h.
During the growth, the tenperature was held at 900C

02454053 7 S I ROF RIS MM DERAES Sk, ng, 5, . seo
Materigts Seteree dridkEngineesg Bs8TeSIGr {(208d ).pr evi ously, or a
slightly different nmethod in which a thick Au | ayer

100250 it .o T 610 Py Ry e oV Ter VAN, WAEOPY. Bk, H. Da,

Nano @&&.-5"4 wag (PG4 ed back. Lam nating this layer against a
repatterned device substrate coated with a thin epoxy

Iayer (SuU8, 150 80
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5 nm and then renoving the PI and Au | ayer by oxygen
reactive ion etching and wet etching, respectivel

WO HRBPEERd the transfer. In the case of bottoﬁ?HHﬁé’m’WW”
ces, S t PRI r ’
10025 B TCSIpdckins R PRIERBIBPR) AGfR; REfie R 843600)
el ectrodes of Cr/Au/Cr (2/ 10/ 10 nm were patterned by
[00252]h 06 .0Gi Rbelkeap ey abr@pttdsdexpras® 16 m Gl @2 (2a05)deposi t ed
on the substrate using PECVD. The source and drain

10025 °F B Simigo ¢t & L RhersaoaseEinohy 1 BsBhatadits
inverter: Miultilayer devices were constructed by

[oozsa]epetn(twmwe@epéyn Mberfrans 1% shabaéle 2Pl DBride3eRdPFSS Cryst,
articular, to the Pl precursor was spin-cast on

GI'OWth ﬁ@af'@é Matatnd &x1 62G00). | ayer of devices, and silicon
ri bbons were transfer-printed on top. The same
r S r u f e [ r
oozssf 05 3ERHE R SAGEY Lok SToRRee Y 555, 01, 000

(1986)def i ned by photo-patterning openings in a |ayer of
AZ4620 photoresist, and then etching away the Si 02 and

onz) I RAERRT 50, SRS MBS S

Denlm@é‘rt PbMaﬁBeﬂlaﬁQ@tl\ﬂétbﬁa%tStmg t m and provided an
ct |

trlcafly conti nuous conn n over the step edge
rmed by the etched Si02 and PI. 20 [00242] SWNT and
[00257!3| Vvids MnMerales,: C- i isherr Seiarices? $ @081 (§088). of

source/drain contacts of Au (20 nm defined by

ooasep L2, 080 APDYSR1E . BEh U8 opuh 3 savaty P

Yang, Stiehes B0bg126@1(20049. Epoxy (SUB, 500 nm) was then
spi n-coated onto this substrate after the SWNT

100259) 5755 4 KB HEF 50 e bk asbel . B lplese i B T e 305,
878 (@Wf sl ab 25"inked" wi th undoped Si ribbons was

nat ed agai nst the substrate and subsequently
renoved by slow manual peeling to conplete the

[00260] r s therS. MOwselﬂg' ﬁrb’c im, & MaMgrezaod ndifingweY oZhangd S. V.

Dubond®, 1Y o EEbPIiRiR e e, SRR Rhvpefiblebu o

connect the SWNT and Si transistor. [00243] GaAs MsSM

[00261] R ide e ¢Hzing, X Ewran ©d MV Ltibo&, SRRl 1, Caiz00f ers (1 QB
Inc., 30 Bethlehem PA. ) were used to generate

ac k.sch i odes. The ri bon
poze2f 2% M’eﬁﬁ%@n%a?huéﬁ Ruer s, bR {608 RaiG Nuz20, J.
I j I [ Si -doped n- type GaAs(lZO
A Rog% e 1Bl ?n%(gqn%aAs(wO nm / Al As( 200
rr)/SI - GaAs] . The carrier concentration of n-type GaAs
[00263] s 1Fx Eo Menard 3K. &dsee, ihneriéhatig, IR. gholezzsids A. Rogers,\Appl. Phys
OPCT/ US2007/ 077759 patterns were
Lett. 842%9’%8?@% ally etched in the etchant (4nL H3PO4 (85
w%, 52 nL H202 (30 wt%, and 48 nL dei oni zed water).

[00264] het AVAS U Be KMV VB /R edid) 9d AaWigers, tAp . Hhydities. BIF, 08350'1
solution in ethanol (1:2 in volune). Layers of 2nm T

(2005).and 28nm Si 02 were the deposited by e-beam evapor ator
A PDMS stanp inked with the GaAs ri bbons was then
c a roef Sk 1 nan t)o t ed I
[oozesft ﬁ:@ggﬁﬁégg P8 pl\h@%fe\gergym% %a@k&Qﬁ I°A8eSi08! $9a RbJe®! R. G..
Nuzzo, Appl. Phys. Lett. accepted.
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PDVS and renoving Ti and Si 02 by BCE etchant conpl eted
the transfer of GaAs to the device substrate. Metals
WO 2008030965170 nn) for the Schottky cont acts \A/e‘i"éTfU52°°7’077759

ouzsdiSPA 451, i 1 SPAERS RALRR B KCREAE ncph g et €5

5730 (Ro@tes and the Si I\/OSFET were defined by first
patterning a | ayer of AZ4620 10 photoreS| st, then

[00267 LC?Q“E f gtegéﬁs?%;g % he earleg%\%yufqung@sgo ngm%tgn on o Science

Onlinel 00244] Device characterization: A sem conductor
par anet er anal yzer (Agilent, 4155C) and a conventi onal
probi ng stati on were used for the electrical
[00268(}h£%\c;t erngatv.dh Meitlt ke Mtinade P arefreirsaand dt 6r Rogerse | R
unpubl@g@onse was neasured under IR LED source with 15
tength of 850 nM [00245] Circuit Sinulation: To
compare the neasured transfer curve of the CMOS

[00269] NVES L inddr) Ha B3ty At Gﬁﬁed:hﬁéﬂanﬂ PIPbéfngraRtet sIHEE Micro
f he n-channel Si MOSFET and t he p- channel SWNT TFT

Eletro M@ICE Srstems P, d8P4)-cal I y. These PSPI CE nodel s were
created based on the default PSPI CE MOSFET nodel

[00270? I'VEZAFQMM ih, Wpr ﬁﬁ@ﬁ) Rty ?%%@Ee% @%@ JIEEENEZES J. A.

he neasure durves’ 'and  SWNT
RogersPMEBE S ewinon Deviapsrletb 28, 46042008l CE nodel for GaAs
MSM phot o- det ector was created enpirically using

o027 3> e PR BE NS 41805 GOURBSES R Ard K SN . A
Rogerg QRBbK fisned K. Banerjee, S. J. Souri, P. Kapur, K C
Saraswat, Proc. |EEE, 89, 602 25(2001) [00248] 2. S

F. Al- Saravvl, D. Abbott, P. D._Franzon, |EEE Trans,
[00272F0Aforke B O Soniadti SehuraaehamiRERd: Guang Mmooy, 737
(1991)Part B, 21,2 (1998). [00249] 3. A S. Brown, W A

Doolittle, NN M Jokerst, S. Kang, S. Huang, S. W Seo
Materi al s Sci ence and Engineering B 87, 317 (2001).
[0027330[THEDOD ué.artrh:téi:tur&re e tRat doabies A radige @f defice architectures

and str?@%% inteigfing SlbGe %ﬂl@?ﬁ%@@%ﬁl%ﬁ%?ﬁ@é%g’afures
It is ang C_;LM%%%'S ﬁbé) génj?b ﬁf’\&th%et%nci%%'d@d“ﬁes'\{ﬂhﬂéﬁpré%electromc

el'kens Optics
optical Avpckamical3and el mmese) of [Lmaoﬂarza]i!:ty IrdDmaBy @seakive, syetem
designs exploli aahlerarcﬁlao?suc ﬁe&%o enable exél%q u%\zlce level performance
outcomes, although for simplicity we discuss specific embodiments below in terms of a

dominant mode of functioning.

[00274] Electronic Systems. The most direct form of utility in this sphere is the
provisions the described architectures make for the design of complex mechanically
compliant electronic devices that directly embed high performance electronic circuits—
displays, sensing elements, RF-ID tags comprising some challenging forms of
application that benefit from the integration of high performance electronic circuits within
a flexible system level architecture. The designs disclosed herein significantly extend
the full range of mechanical compliances that can be realized. It does so by enabling
the provision, at the system design level, of specific architectural details that can extend
range of mechanical deformations that can be tolerated—well beyond the general limit
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[00254] 8. K Vanhol | ebeke, 1. Merman, P. Van Dael e,
Deneester, Prog. Cryst. 5G owth Charact. Mter. 41,

WOJ?OQS*A%%? [00255] 9. H. Amano, N Sawaki, |. RKEZ&ISRY07/077759
o 1% YA0VO3E R 0P o B 0End ARk Bhcnens

The exarhgles rsgew a Bpeéiic krghitectlre Mhe@ﬂpleslf’syéterrgelemm ethe
Materi al s 3, 524 2004 10[.0025
intercQANpEIS. THEEN bk Hapth © wDStangUOMII GRS M5By ehSrang (> 30% in

the forhﬁ”‘Yégt& aﬁhroé‘lggl’f% tnhge*]c%gtreur{;ggﬁ‘ ?8@”5 ﬁa%g%g g@%ﬁ&fﬂn eBtsina

dlspla)[)(mﬁ\ﬁre i as:proﬂdmgcfng oth‘&r nToreSlﬂmarﬁdefor@a&efeﬂnlechﬁmcﬁl compliance

(stretc%gggr) ,\ﬁ'sg§%|bggeﬂt,§ Qeﬁ?%%% gg »&%}g?cbpzn 15£002gq)%q®v[ce level

hendad dlusPat
compohents 88 Blusta rc]agﬁebgpﬂ'%of@g@ fa%:t%gz §|@ é)%?ﬁgl%Yﬁ@deﬁceéshown in Figure

31,2 Gﬁo&ﬁ@/jSM Ilemiodejectar asi dassripedmidssentially(@@ng yunctional

compcb%gugg2 %, c%&%%elp‘ﬁtrg@ct%@ég C%?Lbe’&}{tﬁa?é@;lh q\g?ﬁﬁrg—speclﬂc,

mechaidegilyicantpliant B3 481AG khe AEREZSEughT hefein Menard, K. J.
Lee D. Y. Khang, R G Nuzzo, J. A Rogers, App!.

ett. 84, 5398 (2004 00264] 18. Y. :
[002751, npppcal,@@@pgaen@ ar;gj(s)z@;g)gpss[owﬁgl]cop}p}ggent_ggg g waveguide

canre ith 2 sensitiif 8RS T Roddhnd-syMeitd provide new
%?g}%gnar, %m : esida, J. .ggéers,g% GD

archite2fildes for, suhpdevidtyy/that tah bothatdeptednd, Mbre lmportantly, exploit
08/.030960PCT/ 007/ 0777
mecha@tqaiﬂewg y E jgaal ge %%égg]r%x%%@gﬁ of m@ologles that

can dife@t exgivit tﬁg %Qetﬁg@é)ﬂ}sc!osed herein include advanced forms of photonic
componentis including, but not limited to, waveguide optical couplers and related forms
of optical switches and limiters. Mechanical flexure at the system level of the integrated
étructure (via compression or extension) provides a direct means to effect these
functionalities. The loss in a channel as well directly relates to the flexure of the
waveguide—high bending radii promoting leakage in a controllable way from core to
sheath modes. Such effects can be directly exploited in a variety of devices. For
example, FIG. 67 schematically illustrates a waveguide array produced via the
controlled buckling of an optical microstructure partially adhered to a deformable
substrate. FIG. 67A shows the optical device is produced by attaching a component
330 (e.g., waveguide such as an optical fiber or other elongated microstructure) to a
substrate 30 by contact printing, for example. The attachment includes strongly bound
contacting regions 310 and weakly bound regions corresponding to raised regions 320.
Upon deformation the second electrode buckles and the weakly-bound region of the
waveguide separates physically from the substrate, thereby producing the raised region.
The device may operate simply as a waveguide capable of significant (5 to 50%)
stretchability (see FIG. 67B). Alternatively, the indices of refraction of the waveguide
and substrate as well as the buckling geometry may be chosen such that the device
operates as an optical switch, allowing light to pass in the elongated state (FIG. 67B)
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[00267] 21. Materials and Methods are avail abl e as
supporting material on Science Online. 5[00268] 22. J.

WOPRIBH30MP A Meitl, E. Menard, P. Ferreira an8C "USQP07/°77759

ot oA WA 10| BFRF i B B il 5

waveghleigs, Systems 349, (1994). [00270] 24. J.-H Ahn
H-S. Kim K Lee, Z.-T. Zhu, E. Menard, R G Nuzzo
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electro%csu:glf@&?:arggn?ggcg?ﬁ@fer% cr@’ca!'\&i‘é%és %’r gan@lﬁéﬁ@&imemal and other

forms Scloncamsamsars ICEEE')F[BB sgmﬁtamzﬁ@es that.are botty e cyrredtlinterest and

et EAe e e e o 0L
generétmtger%\ﬁ‘fd)rﬁﬂ: St SUtH diviGed. NRIG B RG HRésdntBie ékérﬁp@éfta

to achieve features. It is an architecture enabling
mechanigad system, spepificalic e entwinedanultilayer exghitestire for capaCltlvefy

coupleﬁ Lﬁegﬁsfﬁ' fh |§§e%h°ﬁ%%§§@£§cgg Fe lﬁ%cqg%&a@%%%ﬁwo%s of force

relateoesf@ismg—mértlﬂfaiﬁ@bbe%ﬁr@n‘@asaférﬁérﬁts rhostetashlg. éxehtkichse the
device | evel performance 20 outcones, althob%h for

methods apdisysiemswdisglosed hereiprpride aratatiieherirectyeeans tqqcontrol many

er f_.f .
systonsFE0B, Hpdb O aRS B8 LML o 98RKenge ang region
of optitbs semditivity mest rh@tabiye#whnl@&aabnmg thedrdntdgeation into compact, novel

ar chi tectures make for the deS|

form-fagiehayRieasI(§- gcamllpwmg tedaiegsafien °£m%2égc'>t?$m systems in new
ways).g‘gﬁggé Bﬁu@ﬂ@c&hﬁﬁneﬁf E%Eﬁé’r‘?@d ﬁiE?\ﬁSrHé%bS a?%&é’dﬁe% to devices

I spl'ays, sensing el enents, D tags conprising
of this fpee Refrtirgntp RHS.FE8, resmbhappbl «iemcemomoag benefit

s S A o B RIS oot
m |crosirr[] Etuilé Ay Hohehas &sla RfEIMarie 80bstra@d. Wﬁiétc%%ﬂ:et Aehitecture

range Of mechani cal conpliances that can
operate@aym@raitormg chengesdn Bye eapatiiangettatwpening b@ﬁomaﬁlectr@de 450

o 1 4SS L0 Yol B R D B 7l g b o

is displa@ad rél%ilﬁvb@o e susstede We écé&d@ﬁdntdﬁ?rméaﬁ tHe #direction. The
WD 2008/ 030960PCT1US2007/ 077759 of 1% St rain that is

dewcettgﬂ& is@Iroguredabyiprarssing-ae glestrode fbalferp alegtisiedddrprpihe
substr@%"%? i) B gghﬁéaéﬁaéﬁér Bais iﬁ§ ‘Hgfdo%té’dt?ginhﬁ t l’l”‘h%

'he SI enen inter nne
attachrnbat m@&rddsesgt)ngmgw tb@ulwi tostasting fegiond 349 sndrvdaldin bbane regions
strains (>
(e.g., inthe reglorg below 320). Upon deformation, the second electrode 440 buckles
and the weakly-bound region separates physically from the substrate, thereby producing

the raised region 320.

[00277] Thermally Functional Devices. The pop up structures afforded by the present
invention engender new capacities to provide for the thermal isolation of complex
electronic components. An explicit device class provides a general design for the pixel
elements of a long wavelength imaging system that requires the integration of high
performance electronic components that provide control, read out, data handling and
other capabilities for the system while providing direct integration and precise thermal
isolation of thermally responsive (and for this example) two terminal devices. This
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the formfactor appropriate for the construction of
bus lines and interconnects in a 5 display) as wel

WO 20080360 g for ot her nore denanding forns of HEW§?H°3’377759
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e 5oL RRER A GEb A B B s e

systen@éﬁ@ﬂévfé@ﬁ%‘réééﬁtéd’ thélﬁ PSS a aBﬁW@ﬂﬁte@ﬂﬁt[ng of such
systems provi de new architectures for such devi ces
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components including, but not limte

by atta@amgtg:th@ S@Esﬁr@fﬁ 3¢an ,ﬂl%qt@%éﬁq thed ceptaing ﬂﬁh%’fnoreSlstlve
meter QRSO B oSHEE BT The BB oot BGRRS orkl iy Bbreactin

regions 10 repsioveakip boart eegnons)comeepod@mg dodaised Wegleasl 8200 Upon
channel

deformiasph, Hie AEEH908 BPRLUSRIES arbie Usali G aung KGI9) separates
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r ol heat nodes
extent ﬁfefrmaily isalatederainrtbe supstaig, tarebly providingeiceusatefand localized
? ces. .For exanple, FIG 67 schematically
temperalirgeNNgL 4 wavegui de array produced via the

control I ed buckling of an optical mcrostructure
[oozmarEJI@IPateﬁﬂhsplﬁsétbﬁ Noglef191 mbb& wbas rsarme1 1AY8G, 54327A

he op tical device is pro achlng

60/86392)’-|ﬁ)dﬁé4ﬁ5 @537313114?3 287, 1\1\&‘\%’@1@%@@&:’!{4% Séﬁ aBphecehy
mcorpér'ageed; pg['%fgg%ﬁ{g tSltﬂﬁ %ngpr it é?)?l% otllrﬂng'? thtﬁg?r%se%descrlptlon

attachnent i ncI udes strongly bound contacting regions
[00279} 10 Adindferenkéy througlbutalisaplicatiorg fpoexhmplet pateai decliments

includifg 4o ed or afanied RRIGRE\ATIIPIFE: BAEDR SOREGD Sihigations; and
non-patémt Tté’tra%ﬁe%l)bﬁh‘l@'lté Bfﬁlé?‘@u?%é H'[ﬁ?}érﬁ%t Sre ﬁé}‘@bgkﬂﬁlcorporated by

pro uci ng t ralse regi on evice may operate
referersererginais theinenticpiiedeas Apaugreindividuaiyi :md:cm'antate& bweference to

NN e e e
apphca@%n%r‘ ex@tnpiBea 'Pé‘l%l‘éﬁdéﬁth@?%Tﬁédlﬁllmohﬁrs@?@@mcékﬂd?ated by

t he deV| ce operates as an optical switch
refererwlel emepgfontgepaﬁmllyaa@on&stehtep@m@ﬁgﬁtﬂe@ r@‘ear@ea FI G
67B) WD 2008/ 030960PCT/ US2007/ 077759 but not in the

ouaschOF KN 8 EudSir i s B s R e s

terms dfuieictiptioh ahd $ioe B8 limRthgon MRS Bege iono bﬁémﬁﬁmmﬁnem ofsuch
and el ectronics is fundamental for several critical

terms anchexpressipns &f BAeIUIEIcANY aav valgntsatthetfaiures shown and
described or portions thereof, but it is recognized that various modifications are possible

within the scope of the invention claimed. Thus, it should be understood that although
the present invention has been specifically disclosed by preferred embodiments,
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5 forns of force sensors conprise specific exanples
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literat re docunents or r, source nater
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use of SULATSAE Sy Sl O pgIRALANE 8t e Ritresshown
and degsaribed lor poriainsi thepad| stitabhis recognized thitsariosemeodificatitns are

oo FEEL T e BB SR, G | b psoos o
althou§i ﬂ'?é’bré‘s@ht H%‘énﬂé‘rﬁ hiagldewni dpeRiRaRY eRicidieidtbyofrePérrédne

reference). 80] The terns and expressions which
embodmeetmoehmajjeatum, ehedificatiansan ssriztiomef the concepts herein

csciod 555 B S3nP 10 B Plind S PR il 58 5y ofitions and
variatiéis &xCeortideredny beakitvialteatsopé of ires Irtehtioe aissiudined dycthe
descri bed or portions thereof, but it is recognized

appengemclaiipi ous nodi fications are possible within the
scope of the invention clainmed. Thus, it should be
under stood that al though the present invention has
been specifically disclosed by preferred enbodi nents,
WO 20081030960PCT/ US2007/ 077759 exenpl ary enbodi nent s
and optional features, nodification and variation of
the concepts herein disclosed may be resorted to by
those skilled in the art, and that such nodifications
and variations are considered to be within the scope
of this invention as defined by the appended cl ai ns.
The specific enbodi nents provided herein are 5
exanpl es of useful enbodi nents of the present
invention and it will be apparent to one skilled in
the art that the present invention may be carried out
using a |l arge nunber of variations of the devices,
devi ce conponents, nethods steps set forth in the
present description. As will be obvious to one of
skill in the art, nmethods and devices useful for the
present methods can include a | arge nunber of optiona
conposition and processing 10 el enents and steps.
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[00281] Every formulation or conbination of conponents
descri bed or exenplified herein can be used t

WO 2008{8399¢0e t he i nvention, unl ess otherw se st a?%USZWW{m"”
TABLHE Qofgga F‘sn&\’t ctéd ee*g%r@r‘u%f’ﬁ@ ah8 dali€ilations from the buckles
Speci f1cation, enperature ran

as shoWnﬁfeFﬂGnsm 'ﬁhe @ammmstas@nw theotreenidtied (i@, T @ngﬁfor the
all internedi ate ranges 15and subranges, as wel
sampieﬁﬁhqwmwhalﬂlsure/)anfdag activated sagions @e thergee @f‘?@nam giter
stretchmﬁtended to be included in the disclosure. It will be
ufder st ood t hat any subranges or individual values in
a range or subrange that are included in the

descri pti, he excd uded fro clal N
her ei n. x@P 0 &i&&ﬁll g@t%}@%&% %g] &;%s
int B \"e Sar e N v go h of
skil I tsfo\e slgb ed i t%e art o[%*o |ch %\ %b
invent_| on pertains. References cited herein are _
i NCbirjhér at €86.8y ref&rZnce hed®bn in tHEIG entirdt§Bto
indicate the state of the art as of their publication
or filing date and it is intended that this
i nfay gt i ofswan beigmpl oyed $ehei n, i Blgeeded, tHes
excl ude specific enbodi nents that are in the prior
art. For exanple, when conposition of matter are
claimed, it should be understood that 25conpounds
kn(ﬁm??and &4(il | abl B34 h the dG4prior td.3Applicartd3®
i nvention, including conpounds for which an enabling
disclosure is provided in the references cited herein,
ar esgypk, | ntengded topbe i ncl usled i n t hgpaonposi ti g of
matter cl ai ms herein. [00284] As used herein,
“conprising"” is synonynmous with "including,"”
"containing," or "characterized by," and is inclusive
or open-ended and does not exclude additional 30
recited el ements or nethod steps. As used

[00286] ch&B'sE i23 g’a(xjamege(aeg;g@gtegnq,rogp gﬁ@eﬁmegtse@wd galcuiatlons) from the

buckleiéggﬁ&hﬁrﬂ Fiets fpecified in the claimelement. As used
erein, "consisting essentially of' does not exclude

materials or steps that do not naterially affect the

basi c and novgl @hara%tﬂ%é\st |%gs of th&%I i m L:@ c\h
‘ 3 e

i nst anc g&w e@é"@* @h)és\ﬁé 7 %& Q‘Q \,b\. {& @@ \0’5@% *
\ﬁ‘o @ S "e@ ey C P “Q\ e '?}Q' o M

100 NIA 69 N/A 33.2 2.5

200 123 131 86.3 64.1 1.2

300 199 194 100.8 94.9 £.80

400 253 256 129.3 128.8 .61
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WD 2008/ 030960PCT/ US2007/ 077759 the terns

"“conprising", "consisting essentially or and
"consisting of' nay be replaced with either of the
other two terns. The invention illustratively

descri bed herein suitably may be practiced in the
absence of any elenent or elenents, limtation or
limtations which is not specifically disclosed
herein. 5[00285] One of ordinary skill in the art wll

appreciate that starting materials, biological
materials, reagents, synthetic nethods, purification
met hods, anal ytical nethods, assay nethods, and

We g ogi cal net hods ot her than those specifically
exenplified can be enployed in the practice of the

i nventi on wi thout resort to %rﬁlue tl%‘Fge’ri ment at i Pn. Al
1. 4 stretsbeblercompanenkef 2 dayigel aif stretghablgcompqnien
I'E%%fpﬁls? and net hods are intended to be 10 i ncl uded

‘nvention. The terns and expressions which
havan etstoraend sylsirade,eangdsed as terns of description

d t of.limtati [ j j iAat
P S T
any cSapbHémtaidnsorizing:he features shown and described or

portions thereof, but it is recognized that various
nodRffirgandons are possible within the scope of the

i nv i i . Thus, it should be understood that
{é%'c%ﬁ%bﬁ iR

15althou e present invention has been specifé cal |y
di salnskidnentrablegioredisposnsiibeiniees the firsh gnd §ggend ends;

; , qifi ) D
perelr e TP ic S, pOGhrEhet 6 h@'cofihoiep} 8 GHHERRG the
| ushatedrand snshst Aasortiore bf thediuckieatdentral ragibrvelithat i ons
are considered to be within grhe ﬁf?oﬁ-'% Frf this
i parapenest has ackananaipnodistanee JopeigetosfalSs. wo

2. 2?@%@%&59@?9%&%%%?6@&3%9, WhBlein fhe dtaimasgors of said

ext rom-experinments and cal cul ations) fromthe
benrkpeserdds shdswstian.FIl G 31A. The cal cul ati ons assune

o, | 1B shiEnsheibindnciyon dBER. Merdtccug ogieunesi
b@érgp@r@ﬂtjs afitved. stretching. "1"eeP, .6A\s,"0 65.°

* - . X ' 0 - »
4, \'(Ighe sﬁé{cﬁébl\etc%n?podfngent %\1 élgi{(ﬁ 3, wherein the central region of said

component is arc-shaped.

5. The stretchable component of claim 3, wherein said separation distance
from the substrate of a curved portion of said component is selected from a
range of between about 100 nm and 1 mm.

6. The stretchable component of claim 1, wherein the central region of said
component comprises one or more regions bonded to the substrate to form
a plurality of distinct curved portion regions not in physical contact with the

substrate.
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10.

1.

12.

13.

14,

136.6 170.7 37.5 37.6 0.38 25.5% 139.6 151.4 51.5 50.3
0.65 33.7% 140.1 142.1 56.4 54.3 0.380

The stretchable component of claim 6, wherein the amplitude of at least one
of the distinct curved portion regions is different than the amplitude of
another curved portion region.

The stretchable component of claim 1, wherein the component comprises a
ribbon structure having a thickness that is greater than 100 nm.

The stretchable component of claim 8, wherein the ribbon structure has a
thickness that is between about 300 nm and 1 mm.

The stretchable component of claim 1 comprising one or more materials
selected from the group consisting of; a metal, a semiconductor, an
insulator, a piezoelectric material, a ferroelectric material, a magnetostrictive
material, an electrostrictive material, a superconductor, a ferromagnetic
material, and a thermoelectric material.

The stretchable component of claim 1 comprising a component of a device
selected from the group consisting of an electronic device, an optical device,
an opto-electronic device, a mechanical device, a microelectromechanical
device, a nanoelectromechanical device, a microfluidic device and a thermal
device.

The stretchable component of claim 11 wherein said stretchable component
is a tunable device component having at least one electronic property,
optical property or mechanical property that changes selectively with the
level of strain of said central region provided by said bent configuration

The stretchable component of claim 1 wherein said component is a
stretchable interconnect structure of an electronic device, wherein said
interconnect structure establishes electrical connection between two or more
device components of said electronic device and is capable of compression
or elongation.

The stretchable component of claim 13, wherein the interconnect sfructure
has a bridge configuration comprising a central region peak from which three
or more interconnects extend therefrom.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

56.0% 124.3 121.8 63.6 60.4 1.2 [00286] TABLE 2:
Paraneters extracted (from experinents and

cal cul ations) fromthe buckles as shown in FIG 31D
"fel ..kti.4\4Sc o'tk'tS)tfr.1%l1/4 red4d. efrczs.

41/ 4.dS: ve.0 01/4- et' ees, ir 100 NA 69

The stretchable component of claim 13, wherein said stretchable
interconnect structure further comprises one or more contact pads in
electrical contact with said first end, said second end or both said first end
and said second end.

The interconnect of claim 15 wherein at least one of said device components
is in electrical contact with the contact pad.

The stretchable component of claim 1 wherein said stretchable component
is a tunable device component of an electronic device, said tunable
component having at least one electronic property that changes selectively
with the level of strain of said central region provided by said bent
configuration.

The stretchable component of claim 17 wherein said at least one electronic
property is selected from the group consisting of electron mobility,
resonance frequency, conductance, and resistance.

The stretchable component of claim 17 wherein said tunable device
component comprises the semiconductor channel of a transistor.

The stretchable component of claim 1 wherein said stretchable component
is a tunable device component of an optical device, said tunable component
having at least one optical property that changes selectively with the level of
strain of said central region provided by said buckle.

The stretchable component of claim 20 wherein said at least one optical
property is the refractive index of the tunable device component or the angle
of incidence of an incident beam of electromagnetic radiation relative to a
surface of the central region of said stretchable component.

The stretchable component of claim 20 wherein said tunable device
component comprises a waveguide, an optical modulator, an optical switch,
or an optical filter.

The stretchable component of claim 1 wherein said stretchable component
is a tunable device component of a device, said tunable component having a

91°



24,

25.

26.

27.

28.

29.

30.

31.

32.

N A 33.2 24 200 123 131 66,3 641 1.2 300 199 194 100.6
94.9 0.80 400 253

thermal conductivity that changes selectively with the level of strain of said
central region provided by said buckle configuration.

The stretchable component of claim 1 wherein said stretchable component
is a thermal isolation component of a device.

The stretchable component of claim 24 wherein said central region is not in
thermal contact with said substrate, wherein said central region supports
one or more device components, thereby providing thermal isolation of said
one or more device components supported by said central region from said
substrate.

The stretchable component of claim 24 wherein said device is a long
wavelength imaging system.

The stretchable component of claim 1 wherein said stretchable component
is an actuator of a mechanical device, wherein the central region is curved
and has an amplitude that is capable of modulation by compressing or
elongating said stretchable component or by applying an electric potential
to said central region.

The stretchable component of claim 27 wherein said mechanical device is
selected from the group consisting of a microelectromechanical device, a
nanoelectromechanical device, and a microfluidic device.

The stretchabie component of claim 1 capable of undergoing a strain of up
to 25%.

A device array comprising a plurality of stretchable components of claim 1.
The device array of claim 30, wherein the device array has a grid
configuration, floral configuration, bridge configuration, or any combination
thereof.

The device array of claim 30, wherein a plurality of device components are
connected to adjacent device components by a plurality of stretchable

components comprising strefchable interconnect structures.
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33.

34,

35.

36.

37.

38.

39.

40.

256 129.3 128.8 0.61 We claim 1. A stretchable
conmponent of a device, said stretchable conponent
conprising: an el astoneric substrate; and a conductive
conmponent supported by the substrate, the conductive
conmponent conprising: a first end; a second end; and

a buckl ed central region disposed between the first
and second ends; wherein the first end and second end
of the conponent are bonded to the substrate, and at

| east a portion of the buckled central region of the
Crhepdevice aras obclaiep 32 avhensirdaideastanefiptafiganiect structure is

eRlchina wrsthe fud f BbESRor MRS Maftonfiedt Fubtre
StHeAddvice3arrdy6f Slhing BoNhehéircarpastenportibn of Hienartay
wherein the central region of said . . o
comprises a plurality of interconnect structures aligned in a direction parallel
to each other or a plurality of interconnects are oriented in two or more
directions.
The device array of claim 34, wherein at least one of the plurality of parallel
interconnects is out of phase with at least one other of the interconnects.
The device array of claim 30, wherein the device comprises two or more
adjacent layers, with each layer comprising a plurality of said stretchable
components.
The device array of claim 30 capable of undergoing a strain of up to about
150% without fracturing.
The device array of claim 30, wherein the substrate has a surface with at
least a portion that is curved, concave, convex or hemispherical.
The device array of claim 30, wherein the device is one or more of a
stretchable: photodetector, photiodiode array, display, light emitting device,
photovoltaic device, sensor array, sheet scanner, LED display,
semiconductor [aser array, optical imaging system, large-area electronic
device, transistor array, logic gate array, microprocessor or an integrated
circuit.
A method of tuning a property of a stretchable component of a device; said
method comprising the steps of:
providing said device having said stretchable component, wherein said
stretchable component comprises: a first end; a second end; and a
central region disposed between the first and second ends; wherein the
component is supported by a substrate, wherein the first end and second
end of the component are bonded to the substrate, wherein at least a
portion of the central region of the component has a buckled
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conponent is curved. 4. The stretchabl e conponent of
claim3, wherein the central region of said conponent
is arc-shaped. 5. The stretchabl e conponent of claim
3, wherein said separation distance fromthe substrate
of a curved portion of said conponent is selected from
a range of between about 100 nmand 1 nmm 6. The
stretchabl e conponent of claim1, wherein the central
regi on of said conmponent conprises one or nore regions
bonded to the substrate to forma plurality of

di siconfiguration-anderoa tevehofrstinasd has aisepprationaiistance from
contact wi.th the substrate. 7. The stretchable
conpBhEStHE @™ m 6, wherein the anplitude of at

| eaghodudtingf sdidh vl 61 dtreth of sdid @trefthablectormpeiant Syi s
different than the anplitude of another curVﬁg %ort i.on
el y tuning

r egicemPressinger elopgziéieasaid sisicpahleRomponank;t
Wrssld"brbpggg OFRAR Rt FHRANR ESHiSorfertt bPEAIR dBlvidect ur e

havi'ng ‘a kness that 1's greater than 100 nm 9. The
41. sThetniladd of daimpdf eviterein saicpropsrty ishenePhmone Prapshiyn

t t h t hi ck i S
Shresefom B SrobBiERlfa br 2hdslisaubpeRy. S dbere "™
cgmg,@}tg,im ameedhanival propeitgr i al s sel ected fromthe
group consisting a netal, a semc nduator
[

ng of: | al , ! an
Teimathed otcigine 48arhereinisaidaioBpriyls Seefier faa i group
idtid ’of?régﬁﬂﬁﬁééjﬁéédléﬁdy}’sleﬂﬁ&ﬁ dblility, #8sistance,
electrostrictive nateri al,'a superconductor, a
f eonductanvet refractive index, thenmabcansectivity, aod the analeafi al .

11.. Th habl i Ml
cBissBAEn D" B ey ceB e dectuRep i Aoy pR FRa £ °
Caigace dfitbe @EnEl repRBLldfeAICstediatie campopenical devi ce,
an opto-el ectronic device, a mecg%’gl cal de

ice, a. )

43. rAJPEEPE Of FRAKAEA ANB A MRRTGISHEICNAbIe-SRRBPRAANIS RLE KRN ioesFald

dew I G Ll evice and a thernmal device.

1@1&@5@?&&@%%#%@?%8%0nent of claim1l vvher\é: n said

st r grovidingencelagstomeanic substiatelheviigea trogiviag suifpemavherein

havi ng, at_ |.east one el.ect ' .qpti cal

or ot b g igvisgh fisPleRBroratiag s

sel ahiditR) 3aidvohs of Atork @leelcedfontionents tofsatdiretebimy sarface of

regi on provi ded by said bent cgqfi

said elastomeric substrate having sai irstqg\ge?tolf gGain; and
applying a force to said elastomeric substrate that generates a change in
the level of strain of the substrate from said first level to a second level of
strain different than said first level, wherein said change in the level of
strain in said substrate from said first level to said second level causes
said one or more components to bend, thereby generating said one or
more stretchable components each having a first end and second end
that are bonded to the substrate and a buckled central region having a
separation distance from said substrate.

44. The method of claim 43 wherein said bonding step comprises the step of:

generating a pattern of bonded and non-bonded regions of said stretchable

42,
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45.

46.

47.

48.

49,

50.

51.

13. The stretchabl e conponent of claim 1l wherein said
conponent is a stretchable interconnect structure of

an el ectronic device, wherein said interconnect
structure establishes electrical connection between

two or nore device conponents of said electronic

device and is capabl e of conpression or elongation.

14. The stretchabl e conponent of claim 13, wherein the

i nterconnect structure has a bridge configuration
conprising a central region peak fromwhich three or
neorapoimerdy whensdt said donded regiensbf said stra®hablleecomponent are

et chabl e, ¢ onent C
Sboie el FRRRPRSR: st BlHR fiferall St ordBited segions
Obfs A stfefchakledonfiorieAtiard Motalopeled it€ shidctastamerivistibstrate.
saijd first end, said second end or both_said first end

aﬁlane gathod atelam éﬁ avhefgin safknonrpandeshregiqnsgorgsgend s
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a transistor. 20. The stretchabl onent,
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t mmpcmmﬁg ase bendsxt iovatl Igaewuqnle af isaid régié regions ancwhesgin
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<98 cE Rl Boich 3 sn R Sl el LitoPHfhE iy fongell e
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stretc | e conponent e stretchabl e conponent
oThe hEthodof olhien 48 wwhesieio saichfilst keveleofistrain sajsberaand level of
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s§lRiteiabl e conponent of claim 1l wherein said
stretchabl e conponent is a_tunabl e device Ccﬂggnealevelof

al e metkod ebelaim da amesciBSaibivshievaLRfistigin s3

t | t |
CRPAlcE i el Qe 68818 B8] Sl bt e
blib Imetibathof gainaé8 svherain sakhstestof applyiiig said torpe tesaidof

claimil mher n S. conmponent is a

ﬂ@? erlc%i rﬁ%'%@gﬁﬁ&ﬁghﬁg}g%"g devi ce. 25. The
stretchabl e conponent of claim 24 wherein said centra
region is not in thermal contact with said substrate,
wherein said central region supports one or nore

devi ce conponents, thereby providing thermal isolation
of said one or nore device conponents supported by
said central region fromsgkd substrate. 26. The
stretchabl e conponent of claim 24 wherein said device
is a long wavel ength i naging system



27. The stretchabl e conmponent of claim1 wherein said
stretchabl e conponent is an actuator of a nechanica
devi ce, wherein the central region is curved and has
an anplitude that is capable of nodul ati on by
conpressing or elongating said stretchabl e conponent
or by applying an electric potential to said centra
region. 28. The stretchabl e conmponent of claim 27
wherei n said nmechani cal device is selected fromthe
group consisting of a mcroel ectronechani cal device, a
52. ndheehetbod mmmmmmmam stegpnaf ampmlmg sditl dordéedo said

device. 29 e stret.chabl.e co one
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configuration-under a level of strain and has a
separation distance fromthe substrate; and nodul ating
said I evel of strain of said stretchable conponent by
conpressing or elongating said stretchabl e conponent,
thereby tuning said property of said stretchable
conponent of said device. 41. The nethod of claim40
wherein said property is one or nore property sel ected
fromthe group consisting of: an optical property, an
el ectronic property, and a nechani cal property. 42.
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claim43 wherein said step of applying said force to
said el astonmeric substrate is achi eved nechanically.
49. The nethod of claim48 wherein said first |evel of
strain, said second |evel of strain or both are




68.

69.

70.

71.

51. The nethod of claim 43 wherein said step of
applying said force to said elastoneric substrate is
achieved thermally. 52. The nmethod of claimb51
wherein said step of applying said force to said

el astoneric substrate is achieved by raising or

| owering the tenperature of said el astonneric
substrate. 53. The nmethod of claim43 wherein said
first level of strain, said second | evel of strain or
both are generated by thermal expansion or thermally
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devi ce conponent to said st anp. 58. The net hod, of
c RhipfP¥dingvhedeWee subsieate Saybaeneurved suriaeq shARg that ¢ he

gro gpah&ﬁme@‘ta icﬁ%géroe?ggta! sem conduct or,

i nsu plezoelec tric,
mhy rmipd),amg amadheswatoe adhesive pesursastto ithe deWcestbstraie,

superc ferro e t he e

The GrorarbBTACe P dereame Aru i e AR RN B i reale
deviG8eiraBPen Bl evied SGh&Fhté amadd)angr oup consi st | ng
of active or passive conponents t hat provi de OE ﬁgﬁ%

elck crontaciing the siranp sufaceaied the @Qp-pﬂépﬁmonﬁu
layer of adhesive on the device substrate, wherein upon said contact

said adhesive liquid layer flows to conform to the shape of the pop-up
component and bond the component to the device substrate.
The method of claim 70 further comprising removing the elastomeric stamp.
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72.

73.

74.

75.

76.

60. The nethod of claim58, wherein the substrate and
the nmetal have an interface, and the netal and
substrate interface is Au/ Su-8 epoxy photoresist. 61.
The nethod of claim58, wherein the netal is deposited
by el ectrodeposition. 62. The nmethod of claim 58
wherein the netal is deposited by: a) providing a
shadowmask; b) contacting the shadowrask with the wavy
surface; and c) evaporating netal through the
shadowrask to generate a correspondi ng pattern of
nEhalmeihod hEchaiw Y0swhéreirethessihethve camprisesdf photapolyser

wher ei n_t he tal i,s d i.ted ] aphy and
ceen fisphelipoing" bl Bet R ea B ARSI oL
pektiromaghefidadigtii dirihg ¢ruwffende stamposurfacéandidevice
nmet hod of claim 64 further conprising snoothing the

\/\@W“ﬁé%ﬁﬁ'ﬂt@giﬂ!ﬂ/s@ﬁi n-coating a polymer to partially
Firhé nifo@bf SIRIE 70CRRASRIN AR 4tf dogiRger at e a

smoot hl'y-wavy substrate. 66. The nethod of claim 64,
whely slimethytsiloxans)rhavinghalinear ans\slastisaiegpense for sawsitat
ani s opi. C ghing of Si (1 0 0) or by enbossing
Sﬁt%ﬁsg&%t%@t@od of maki ng a pop-up conponent on a
STREPnethsd af €lalmoTOr wheren the) camponiaht itgpart obastretohablen

rabTsoe St gesnd yiidy Ebfudl, o ArTaibeost
CR Qfﬁ%ﬂtoffrﬁdéﬁﬂé Q%ia%éiﬁ]@@tr%‘t&atb% sd1RicehaiRoPihierbrane

applying a ormng force to the stanp to provide a
sapypasingal |y flat stanp surface, the deform ng force

93}“%&8\%%8 aaséc‘rHc%inuétgr h%rﬁé&%ne material on a first substrate,
wherein the thickness of the material is between about 40 nm and 600
nm;

b) providing an elastomeric substrate;

¢) activating one surface of the elastomeric substrate;

d) applying a biaxial strain to the elastomeric substrate thereby stretching
the elastomeric substrate in two directions;

e) contacting the activated and stretched elastomeric substrate with the
semiconductor material on the first substrate, such that the
semiconductor adheres to the stretched elastomeric substrate;

f) removing the semiconductor off the first substrate by the elastomeric
substrate, thereby transferring the semiconductor nanomembrane to the
elastomeric substrate; and

g) releasing the biaxial strain on the elastomeric substrate, thereby
generating a nanomembrane having a two-dimensional wavy structure.

The method of claim 75, wherein the biaxial strain is generated by heating

the elastomeric substrate.
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ii) contacting the substantially flat stanp surface

Wi th the conponent on the substrate; iii) renoving the
conmponent fromthe substrate by lifting the stanp in a
direction that is away fromthe substrate, thereby
transferring the conponent fromthe substrate surface
to the elastoneric stanp surface; and d) renoving the
deforming force to relax the stanp to the curved
geonetry, thereby nmaking the conponent pop-up. 68. The
met hod of claim 67, wherein the curved geonetry is at

77.| dhetmethod iohclaym TSnivbprain thealasloarericiasibstratepcdngprises

78.

79.

80.

81.

I . T Y i. .
8ot RiioFoSe G gl Sl oY RE R e ot R
melipsteate itorerlefroinaghetic radiatioarhgving awtagrelehgth betpaehi 249 nm
a radial force to the sta duri ng the deform ng force
appi2eamny a'“PG.ZO'WfSOW@tfP\'EEEBY*T%"g‘?% 67 further

C ARGt T8 %ﬂﬂ@faeaé\hw, et B BorRGEIey Y steps ef.a
device substraté€, the transferring conprising: a)

pr owirdvidinoea siehatiate prebpatterned il ong or roare/devies eprapenents
sha r \, geonetry,;

o) NPt B EERRTuhoe A oi¢ B 2P OT! Y
devi ce substrate curved surface to generate a liquid

dev (AsoR a8 AR of duiBtati 5y CoaaRERE I SHE R N St
sur f%@trﬂ@%;ﬁﬁoﬂtg@( BNy RafPpRaasieisemisdhdueeor elerpentfonto

adhesi ve on the device Substrate, wherein upon said

conts@id resgivingaaniéade ef the gubstratgyns OneIo ROTESIIHISHI®S m t o
t he - .

coms380E Riorblif B E AR o DS ERnEBR o
cl ai smrﬂieorﬁdudtdri]reaflemeﬂts:jéreifmgiltioae@sucmtvr\]hbhmegIanetspa@ﬂiyc
st anp. 2. The nethod of claim 70, erein the .

2 eonedd siser BT camariar S0 Wil P sl e ob AU sYiCPmer
adhegpnsoneAlesuppdried by dalys @Rkt at i on of

el ectromagneti ¢ radiation during or after the stanp

surface and device substrate contacting step. 73. The
APk Bl Paffh 78 unehiih 2o fltfaiie 38R RIS Shoments each
r esimprise afumitast inargemid derhicanductpr stoucbelitaviriya eéhgth The
nmet ho f claim70, wherein the copponent is rt. of a
S FrIEEieA e e Erael abouf 1B pRtamEtes I AbattdEPimictens: a
dividth @¥leclid RomtAE PalRice6t AoLr T DBandmetéts 1B BBOGL PH00

maki ng a biaxially stretchabl e sem conduct or nmenbr ane

corigions, angl a dhickneassisglasiediirarvihe sangr pbabal 1manemeaters fo
”?B@# 'ﬂjOOOrﬂic?orQ..rSt substrate, wherein the thickness
0

e naterial 'is between about 40 nm and 600 nm

The method of claim 78 wherein at [east a portion of said printable
semiconductor elements comprise heterogeneous semiconductor elements.

The method of claim 80 wherein said heterogeneous semiconductor

elements comprise an inorganic semiconductor structure in combination with

one or more structures comprising a material selected from the group
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82.

83.

84.

b) providing an el astoneric substrate; c) activating
one surface of the elastoneric substrate; d) applying
a biaxial strain to the el astonneric substrate thereby
stretching the el astoneric substrate in two
directions; e) contacting the activated and stretched
el astonmeric substrate wth the sem conductor materi al
on the first substrate, such that the sem conductor
adheres to the stretched el astoneric substrate; f)
removi ng the sem conductor off the first substrate by
t hensisting ofivan inorgats seatieondunter Ssyingraadi§ent Cagpeadon

< RS 1RO SagRARHTETRIRAG Sickhe, 4, RIS Sbmicondyctor
ehagihgedifferentiispingtiean sdid irehyagie senacamigictor structure, a

S BRRR B i St =aate Semibushiaine
I &a@éﬁmr@b@ﬁ’dmwaaﬁétag at dEniBbRRICHOE bh GnsudisE, 1At e.

77. The method of claim 75, wherein the el astonmeric

sbigzoelacksiccapirogiectripa yegnaiastiotive materal) an slecimestrictive
[ y t

o P, £ 9p5e Pl e 2 RGBS emostectrc

wmatdriEigt h bet ween 240 nm and 260 nmin an

ozone-contai ning environnent. 78. A nethod for making

a device, said method conprising the steps of:

PTRY infith&d 8f Slalte B attferein&afhéRFdRmMhedus BefiiorRiuctpr
devi ce conponents supported by a receiving surface of

t ﬂ@@fﬁ%s@@p@se arr@nm@%m qfﬁ\go airffﬁranfa?ramlyomucé@r matesais
SEcTkERAdHi M GitiahSistifla SPeTlaRHIMEL fodi FR8ESE, AP,
sAIAS, MBSk @aNgGaBr ads, GASbhinF s, rGagh,dnP pindsomSp Za0,

t i d i t
SohSE T S Lase 2k e LS GBeabaIRRbn g, Bose.
PPBTE] AIERhsS WHRAENANINR NBAASP G5lRAL! éhlnP, A IGanedb, AlGalnP,
el ectrical contact or both with one or nmore of said

deiFe and &iaboMet s supported by said substrate. 79. The

-met hod of claim 78 wherein said printable

sem conduct or el enents each conprise a unitary

i hbe gaethed stdamo 8d wdteveinstt least arportiary ohggid hetemggéneous

sel ecte fronPthe range .of ag ut 100 nanone 535%0 ture i

aDINCOTBHFORFIEMSTLS CAMBiYt foIdIUERRY SMERPTIGHEGr At e In

abembinaflén RAROARNEESE BhaASG! a E8RGLATbICHAIEh acdiledtric

t hi ckness selected fromthe range of about 10

nenaéeral and aePnalystar. 1000 ni crons. 80. The net hod of

claim 78 wherein at least a portion of said printable

sem conduct or el enents conpri se het erogeneous

sEhde owiblod obelaish 8GwviteseinGt leashef pettibo df shiddiederog@beous
ere S terogeneous sem conduct or el ene

Iﬁogﬁuéﬂr? DI PUNRES QOR QL EIASF PUPARS ﬁ‘?’@'mﬁa“"mr

CMcé@seléavefdm fHegrelp rmhgusﬁﬁg UEA dicRRe, aqrEmkistone a
materi al selected fromthe group

photovoltaic cell, a light emitting diode, a Iaser a P-N junction, a thin film
transistor, a high electron mobility transistor, a photodiode, a metal-oxide—

semiconductor field-effect transistor, a metal-semiconductor field effect
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85.

86.

87.

88.

consi sting of: an inorganic sem conductor having a

di fferent conposition than said inorganic

sem conduct or structure, an inorganic sem conductor
having a different doping than said inorganic

sem conduct or structure, a carbon nanomaterial or film
t hereof, an organic sem conductor, a dielectric
material, a conductor, a netal, a sem conductor, an

i nsul ator, a piezoelectric, a ferroelectric, a

nagnetostrlctlve material, an electrostrictive

nizarsistar, a phatogetectondlogis gate deviceoard)aaerticalraavity surface-
electric material. 82. The nethod of claim

8%%mﬁg§g§épgald het er ogeneous sem conduct or el enents

conprise a conbination of two different sem conductor

Sl LG SLnh Lo B A
C?@mlc@ﬁ&?cto%hceé B, aés@ﬁﬁeﬁi@*&onld&?pnh%sudﬁlﬁbt they are

O, ZnSe, ZnTe, CdS, CdSe, ZnSe, ZnTe
mldeﬂggelmal powact Wit eleciipdesare-patteingd onsaith,
g%ﬁﬁﬁé Gal nAs, Gl nP, Al GaAsSh, Al GalnP, SiGe and

E? 83. The method of claim 81 wherein at |east a
portion of said heterogeneous sem conductor el ements

cORPmeliedl ik Pa e in SEH ke RS dlat eemBts o,
b@érhpﬁséﬂb@hﬁs:ﬁéms ofBldRUicalsefitte AfrEPNAE Grodp cribistifgeof an

hod of claim80 wherein at |east of portion of said
heleeironje dewigs. ar aTray vl gleckpnisideiicas sar BRIAl devishcaryr
"DEEPoRREA %lc%e@frﬁﬁfbglﬁﬁﬁd&&e\ﬁ@%/'§ﬁ%r§@€8ﬁ6lﬂgcﬁ£rﬂéﬁlt he
grotp c nsi's ransi stor, a
ptyﬁtempda hanoe!eeirbmeehdam@rltsyewm tal semsdr,caeintegyratedenircuiy, a
P- N %unctlon a,thin filmtransistor, a high electron
nRNRTPRIOre3$AL AN A SPEMIVARNSi ode, a
nmet al - oxi desem conductor fiel d-effect transistor a
net al - sem conductor field effect transjstor,

phiog gwedhed elelaing 78 wihﬁrg;gﬂwn@m, the stemef %{ssembllng additional
I
SRR T 8| 44 RA by Rom i s
padditiard] prlamhle:serdmhductd eglerentaortodhe seivlichduictor

cP Bt Biovitlshrth. 46 ededha sle e ot Slibstiale 1 anig one or
Sitofe FidIeiddrte strdliurdd SrdWﬁie'ﬂQfét@éeﬁ Lsaidr@emcmmmm

said printable sem conductor el enents conp

c@ﬁmm@v&edapruwd ceceidng stidace phbyaid Frlalbﬁjf’q\iﬁ @nd said
c?%dr% :Bgnge \I/?Qerﬂlc%ﬁ&ﬂ&ﬂ Q!eﬂfe\ﬁ d%‘fher%ﬂy g@ﬁ@?‘atiﬂ& a multilayer

edi@nd:af strugitirecal device, a mcrofluidic device, a

m cr oel ectronechani cal system a nanoel ectronmechani cal

system a sensor, an integrated circuit, a

NTRE ARARSESFEAIM BNvHRIER @rd’mdﬂﬁ’ayéﬁ defide sTr’O@tdﬂ@bbﬁ’@n@és a

claim 78 further conpr|3|ng the step of assenb

apldralioefgeviga layars seraeaipd b et Bmeredmenayesh Selaud?wce

B &l Aforfiing Bt a6l SHhiBbAdIGAIEMBAR ¢ | onal

ctor elenen onto the
sen1conductor el ements provided on said receiving
surface of said substrate or onto one or nore
i nternedi ate structures provi ded between said
sem conduct or el enents provided on said receiving
surface of said substrate and said additiona
printabl e sem conductor el@aents, thereby generating a
mul til ayer device structure. 88. The nmethod of claim
87 wherein said nultilayer device structure conprises
a plurality of device |ayers separated by one or nore
interlayers; said device |ayers conprising printable
sem conductor el enents. 89. The nethod of claim 88
wherei n said device |ayers have thicknesses | ess than
or equal to 1 mcron and wherein said interlayers have



89.

90.

N,

92.

93.

92. The nethod of claim91 wherein at |east a portion
of said additional printable sem conductor elenents
provi ded on said receiving surface of said interlayer
are positioned such that they are spatially aligned,
in electrical contact or both with said printable

sem conduct or el enents provided on the receiving
surface of said substrate. 93. The nethod of claim 91
further conprising the steps of: patterning one or
more openings in said interlayer, thereby exposing

r e omathod obalaino Bsmmeaemfsmdewge layerbhavesthinknesericiess

CHERT LB Aol et Rerb Ol i bEe R i etes tess

t fRIresEq u%ﬂfb163hi@kdrts$hl ng el ectrical contact through
sai d openlngs in said interlayer between printable

sem conductor el enments provided on said receiving
S§hE }5&n84 of Blafin ?Bgﬁﬁﬁ & n ﬁeos'?é’p Bf edtBbMshing electrical
structures provi ereon sal d sem conductor
etentant lsetpeen ipdietabds ssmiqwnd@eterwmmgldgdnm difterent deyice
[ Flayer 94. The nethod of claim 78 further
c%‘% sing the step of providing an adhesive | ayer on
sai d receiving surface, wher ei n said printable

sem conduct or el epents are efsgnto Fal d adhesive

I gpg,metbgd ofrAlaIM &y HEdhes car ﬁ‘ﬁ'97 FR$HEY conpri sing
the gﬂﬁ:ﬂil ﬁrﬂ&ilﬂ&%nﬁﬂp%%&ﬂ%lnﬁb[@geh%tﬁﬁu@for elements

pl anarizing | ayer 'on said printable sem conductor
el erprinted pntors=dt) remmgsamréaqee@aaw sidpstiate greaidongrdnore

subs re structures provided

thersé'g’% u?ggbr@ﬁ%ewgeog{ gﬂgcl aim 78 further conprising

the step of patterning said receiving surface of said

substrate _or one or.nore printable sem conductor

of orAseULlRg seiskadsiiional Rrittaplecsaryien Bisreleies ypeptact

SUbSﬁrfrﬁh%s@[g thbi@%nﬁéoﬁmfcﬁrﬁém%tﬁr&% BIrevdiciag surface
one or nore thin 'ms of conducting

mat efitbe inkerdayerdeposi ti on net hod 97. The system of

claim 78 wherein said substrate is selected fromthe

group consisting of a flexible substrate; a

stThetrdtabl of &lahﬁig“la.tllﬁrem aitileay aqodmdrr oftszid amditlma! prmtable

cont our ed sub rate. (@%dev ce na

C SomydnAiogY ShuheniRBraed e’ SHITBTNG S e s] SRoTaraver
thRe €6£ éaoélﬁhstﬁéﬂﬁe@fare spatialeaignenl ; dleathica cotact or both

arra 'ectronic device, an op i cal devi ce, an
emmaaai prmtaldmsend@nd@etor elements pravidedondbeireesiviag surface

chani cal system a nanoel ectromechani cal
§%|ﬁ]sﬁ§§t£§ef 'sor, an integrated circuit, a

m croprocessor and a nmenory device. 100. A method for
ng a nultilayer, device struc d nmet hod

canﬁrm@tmg Of Flaig S Juhe" COEPERsIag N SoB Bt r at o

pre- rgﬁg%ﬂe"éﬂrtrﬂor%’lf‘peﬂfng@qﬁ %amme?lﬁxép M@Bﬁbﬁposmg

suppo y a receiving surface of e substrate;

assene’glqnag)f aneior snoreaf said rp“mtahialﬁemmmiwtmmwfs

or - Mo aEPT SRS Tl SfacRo ffstie Bt 448 Gh' &t more

structures provided thereon; and
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94,

95,

96.

97.

98.

99.

said receiving surface of the substrate or one or nore
structures provided thereon, thereby generating a
first device |layer; providing an interlayer on said
first set of printable sem conductor elenents, said
interlayer having a receiving surface; and assenbling
a second set of printable sem conductor elenents on
said interlayer by contact printing said printable

sem conductor elenents onto said receiving surface of
the interlayer or one or nore structures provided

t heestab|ishing elesiricgboentact thepughseidbopenings tesdidinderiayer

e ST e el Fiesmys

sai gduffadesdf st balbstiay of sailorsitradd struturgs peovided thereon
el ectrical contact or both with at Ieaﬁi a portion of
sai g saick spsnisordipteiRiaments Pravidgd onsaich recgiving 8 of
devisg ih@y;gy f102. The nethod of claim 100 further

conpri sing %e step of establishing electrical contact
between at | east a portion of said printable

. e . e
-8 BB o1 THeE chiheBSg s bR Aol Gim B CharRfe
Glhfwﬂiﬂ't Saitl fecsvibg safacs vimreinesdidyprntableCEmidonductor
nH tilayer device sa%ﬁﬁtagg,na%e by the nethod of
GlameNiscRye PIpked afie PEREYE @YS-m 103 sel ected from
the group consisting of: an el ectronic device, an

array of electronic device, an optical device, an
elhecmethashefi daim @ further camprigingfthe steipcofduoyidieg an

) . . h  cal
O} 561 BTBE BBl R S BB ABGRARA
nalemeptsomriried bntoosukd edeiving gudand ofesaid 8bbstrate or said one or
t wo- di.nensi onal ,stretchable and bendabl e devi ce
dBﬁf?r$t§4qji‘¢r§3£r°‘ﬁae‘éF ®Yheric substrate having a
contact surface; b. a conponent bonded to at |east a

portion of said substrate contact surface, wherein
sHhaimethasbefaaiainh a3 further sagpriging the stepr offpadlerniag saigi on

| ; A .
e kr 3 SaBLABER Ak &/ e 0 AESIhctor
| lemepty prirted bnionsaidirebeining sudaee tysaid salipstrae obosaid one or
) o

daxierl (b LddidsitiPametpoar ei n said at |east one relief
feature region has a two-di mensional pattern of relief

features on said substrate. 107. The device of claim

1 ' [ ' . [ r

o BRI 4 e RS o A ORB R o
seorgistind of adlexibioshisatiate w §tnetehaldlo SubJtinttefe vigitks uifstrate;
cl ajm 105, erei.n said substantially flat region or a
2 GANIGHrecsUPStiaie-of feature region corresponds to
active substrate regions.

A device made by the method of claim 78.

The device of claim 98 selected from the group consisting of: an electronic
device, an array of electronic device, an optical device, an electro-optical
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109. The device of claim 108, wherein said active
substrate regions correspond to: a. a pattern of
adhesive sites on said substrate contact surface or
said conmponent; b. a selected pattern of substrate or
conmponent physi cal paraneters, said paraneter selected
fromone or nore of: i. substrate or conponent

t hi ckness having a spatial thickness variation; ii.
substrate or conponent nodul us having a spatia

nodul us variation; iii. substrate or conponent

t deyiee,aa miaofisidicrdevices paniceieleatropeechianical syatémt aon;

iv. suybstrate or_co nent i.1d.on. ' a

s ettt haicd] SR Aisehbh 20 iieghted Rt o

NRfiérbprozebseY, @hd aahemenpadvied.e surface; and d. regions

adj acent to free edges of said conponent on said

substrate cont act sur f ace. 1_10. The device of claim
1001 BnetB816! rﬂ?ﬁiﬁ?% mﬂ%@‘? Abyice sHALERd, aGid FRAAISorEpRing

consi sting of ofle or re of: a nmetal, a

sthei sfepslott or, an insulator, a piezoelectric, a

b SR GPRLS LRY o componenss

f er rsopponed by areceiving surfacd of thdsubstratect ri c materi al .
111. The device of claim 105 selected fromthe group
consi sting of an electronic device, an optical device,

an %%Fnﬁhﬁ%tagﬁ@ﬂ Set SEYHRBblRIMBONERor0%INeRis Gh said
ui di

m cro evice, a mcroel ectromechani cal system
a naubelratet mosantactirinding sqisk wintakle gemieonsiustar efisnents onto

subSP RN FiHos er3hE s it RE RS Br WP stryofures
r ecqiruvidgd theteyh dheby@nerdting alfiidt ddviee tyer;ce of

claim 112, wherein said relief feature region
conprises an interconnect that electrically connects

at | Radling¥h infdr2EPon 3a fird ot O plifbRY séthRbAYIASK

wherein said substrate contact surface is
subsilements| sidfinterlayarimvinghe repsiNiee seifacs; &neth 105,
wherei n said substrate contact surface has one or nore
relief features. 116. The device of claim 115, wherein
sai chssehmlingasecont aet ofprirtaisie sbasconductdrietementatoni said
d : A .

eur Vir?terlg{lervﬁvgontact printing said printable semiconductor elements onto

said receiving surface of the interlayer or one or more structures

provided thereon, thereby generating a second device layer.

101. The method of claim 100 wherein at least a portion of said printable
semiconductor elements in said first device layer are spatially aligned, in
electrical contact or both with at least a portion of said printable

semiconductor elements in said second device layer

102. The method of claim 100 further comprising the step of establishing
electrical contact between at least a portion of said printable semiconductor
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103.

104.

105.

106.

107.

108.

elements in said first device layer and at least a portion of said printable
semiconductor elements in said second device layer.

A multilayer device structure made by the method of claim 100.

The device of claim 103 selected from the group consisting of: an electronic
device, an array of electronic device, an optical device, an electro-optical
device, a microfluidic device, a microelectromechanical system, a
nanoelectromechanical system, a sensor, an integrated circuit, a
microprocessor, and a memory device.

A two-dimensional stretchable and bendable device comprising:

a. an elastomeric substrate having a contact surface;

b. a component bonded to at least a portion of said substrate contact
surface, wherein said component has at least one relief feature
region and at least one substantially flat region; wherein said relief
feature region has a buckled portion that is separated from said
substrate by a separation distance, and said substantially flat
region is at least partially bonded to said substrate.

The device of claim 105, wherein said at least one relief feature region has a
two-dimensional pattern of relief features on said substrate.

The device of claim 106, wherein said relief feature regions are wavy having
a plurality of contact regions in contact with said substrate contact surface.
The device of claim 105, wherein said substantially flat region or a portion of
said relief feature region corresponds to active substrate regions.
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109. The device of claim 108, wherein said active substrate regions correspond

to:
a. a pattern of adhesive sites on said substrate contact surface or
said component;
b. a selected pattern of substrate or component physical parameters,
said parameter selected from one or more of:
i. substrate or component thickness having a spatial
thickness variation;
ii. substrate or component modulus having a spatial modulus
variation;
iii. substrate or component temperature having a spatial
temperature variation;
iv. substrate or component composition; having a spatial
composition variation;
c. chemical modification of said substrate surface; and
d. regions adjacent to free edges of said component on said
substrate contact surface.

110. The device of claim 105, wherein said component is selected from the group
consisting of one or more of: a metal, a semiconductor, an insulator, a
piezoelectric, a ferroelectric, a magnetostrictive material, an electrostrictive
material, a superconductor, a ferromagnetic material, and a thermoelectric
material.

111. The device of claim 105 selected from the group consisting of an electronic
device, an optical device, an opto-electronic device, mechanical device, a
microfluidic device, a microelectromechanical system, a
nanoelectromechanical system, and a thermal device.

112. The device of claim 105, wherein said substantially flat region comprises an

island for receiving a device component.
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113. The device of claim 112, wherein said relief feature region comprises an
interconnect that electrically connects at least two islands.

114. The device of claim 105 wherein said substrate contact surface is
substantially flat.

115. The device of claim 105, wherein said substrate contact surface has one or
more relief features.

116. The device of claim 115, wherein said substrate contact surface has a

portion that is curved or wavy.
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