PRI NTABLE SEM CONDUCTOR STRUCTURES AND RELATED METHODS
OF MAKI NG AND ASSEMBLI NG CROSS REFERENCE TO RELATED
APPLI CATI ON [ 001] This application clains the benefit
of U S. Patent Application No. 11/145,542, filed June

?ungo%?alg%@%%ggﬁmqn&wﬁtgm@%ﬁ O‘ggg w%égqﬁﬁp Mg THBBs oF
PCT/ US05/ 19354, fil ed f which are

hereby incorporated by reference in their entireties
to the extent rRROS$HBERERENEETORELATERAPRLIGATENr e

h C
e;gns i W EErrIst’,E’b\EﬂeﬁNf b@%lateﬁt Rsificatdr Nol 19145542,

d
100160535 8005 48 PpriRplseden N NRE TS AR et 29p
pot aftbinatiordEMC T Apsisatioh Nel. ECTIUB0EH 9354s filedrsunecd) 804, sll ofgvhich are
fl e;i‘tef,‘)elgeel érg:glt'p?%ae%tb?/qefg Egé rnQE%F?n‘f{?e\l’!é&%%eo%t ﬁg’tt:ﬁ&)nastent with the

sub rnrer
and dBclogarethareln, P., Sci ence, VoI 265, pgs 1684 -
1686] Recently, substantial research has

directed toward devel Eﬁpﬁgm%gﬂﬂ\fwloﬂrocessabl e
mat ggo! %lﬁ@th@ﬁl’@ﬂié(ﬁ’(oﬁéﬁanodbﬁé BiHtéd, alspayiakr transistor in 1994, a great

ZF?&%?'?PE i e bt BBy Bl TR BV B S ppis syatprs
el ecomprisiasfexiiviaegnried elestronie deyitley od piae@ﬁubyrqtepge [Garnier, F.,

devej a@&éﬂ%fﬁ Bfssaren as—,elsméaa\,apposaa&%b{/a FBH, gg?s fdsa -bueae]
al so HGMIdeVICG conﬁonent

et iond dexsl ut
e Ros s a AL S ERB REhrooD BERELPHES drut RNt tpton
hi ghprécessblethaeraiabt e@nticors] dielboticswed sapipbiduaiorsesi¢roents for

Pl asblifie yé%(t?]p‘ J&BRic d!e\ﬁucés PréghORTH £ sbB R} nedtfielectronics, however,

evli ce con ura ons an ricat
met lisots only drives| bwh@q!fevel@@@@mqf 6w pejytioniprpoepsbledpatgniajs but also by

e e gy HBviBEWridonsst g%mét'n@?,( idlcRnt dbvieg bAd @slice] cfipb Rt ﬁrocessmg

£ emistiios g Bt reo N SiUes sl B Plashe selfates. 1
| Npexpeutdd thatduanhaigeals, pevive dedigirytiankiasd fabdtatioh sgthods will play an
Fir %‘ésernltttggolgﬁﬁn@ E@,I erh é’rgigﬁ Iﬂgﬁ gﬁsaor;f ﬂQJa@é fdt€grated Ql%&t\"cﬁlﬁcedewces

r oV ect evi ces [ess susceptib
to Gﬁﬁﬁ@%a@h@$wﬁ el ectronic perfornance degradatlon
caused by nechani cal Second,. the

P30 | etbrestin the ekl < isas slegime e ot A HestE et
t 0 havantdgeg pavided bynthis teetmgiogh affiest theomechiadicalgudgednass of plastic

| ar AGp B Rls H5AY e dlBhE Be iR 0NN AR 1 iinage andlor

possi conventlon
el eelectenicpeariovnanss degradation gagice, vn@ﬁkmﬂaéstfq%xﬁ%d the Inherent

e:c e%inany ef thé’&\@uﬁﬁfat@ﬁwateﬂm@ afdvdhdrh teiiblegratealifitc @@iny Oapes
0 new. eV|ce elecrironi c a
com VB eiioies PED 45 PR SO R R APl RAge Wit brte

t hatomveationat silieas based elchibmiv delvicsist Rorasamblei kanddbls figxilealectronic
bas %?\It LRGhE &nggté 21 erabldahbrbatid ¥ nSR BRHRAL 4 2R agltelectromc paper,

solution pro e conponent material s and pl ast
sub gqep@p@g:oglﬁatg[s(@gdﬁaégﬁ-gn@aﬁgyﬁeqﬂptzon displays, that are not easily
achieved with established silicon based technologies. Finally, the combination of

solution processable component materials and plastic substrates enables fabrication by



1 continuous, high speed, printing techniques capabl e

of generating electronic devices over |large substrate
areas at | ow cost. [004] The design and fabrication of
flexible electronic devices exhibiting good

el ectronic ﬁerfornance however, present a nunbe

si gRPHtnEeHs: high gmqegfgj@gng tpphniques P?fg‘b'e\ﬁé peneiing Iel?ﬁW'c devices
nmet bestsargd suBkhtn @rezeamenicbsinal silicon based

el ectronic devices are inconpatible with nost plastic
mat {04kl The Hesigrearaifpirieationrod téxibloelatirdnicgievigesadxhtbiting good

'(::‘Oérggﬁn‘ﬁ; e fﬂx&n@@%ﬁ&@r ed?QéEﬂPé‘ﬁL%Eer oFéi%rﬁfcf%ﬁt éhbﬂ&hb@s Jirst, the

ty pwglbqie;vylolggq)g@gé%of%ﬁk@g@W\ﬁ}@thrﬁ sifiqon |bﬁ§edﬁlectromc dewces are

t en@le?rﬁﬁaﬂbﬁﬁmﬁﬁnds@ﬂgstlcmrﬁ%s FGEbﬁrMﬁé trtadﬂﬁﬁnal hlgh quallty inorganic
si-gni

¢ okt afrtoRg . Sl A St aRER S o
m)ssemlmdgetmscarg@rnloa&rwumsmbswrewmthm films ahtemperiatuyes (> 1000
sol yhyr&es YiePLighficad®) ék%éﬁasthé hﬂhn%“ﬁ&oﬁ‘\bbéﬁgﬁnft%peratures of

sol ut’l on ocessl ng i ver

al t WB%F@'?SH‘éﬂiPSH‘g%? oA 6‘8@“% moéfd‘ﬁor gwgﬁw'ﬁonawfw? §Fq Rpt intrinsically
or geohikle inon@aRNCsolve At wduld v fo selutibbasdd frb&syihg Bnd
Lpggetehg%rg a%er?c!ﬁd é%lﬁ'l?u@ rﬁ:fh"y'a?no‘?;ki%ﬁg éﬁéaot%z rggrqc ?ﬁ@bﬁc?organic—inorganic
mat aniegnguefers @ cqﬁa:@@bi@w@@ mp@“npr@tlommt@péaem aubstrateg pdcan be

Of ;&bééé‘sgd BGelbtNefab R icRipeRingSs, ik %éﬁ&féls%&o@l@dﬁé@ie@v&flc

0 opTapecti <ePRIS Pl HBHGR SrovaNE ABNTSS cABRH orgod lectronic
t heseformadreri &brsexarpliebthin fifrn ehiubisidrs e_amgrsﬂnmtqnuucﬁw elements made

ap p&f%s@%a@éﬁélsté}ﬁﬁﬁf iéld g[%c? mB{)lllt@%gFltomte[J e g‘i’&@yof magnitude
COﬁp enentary single cryst all'1ne 'l con "base

deViFEsdhan gamplemendgly singe C'Eyﬁfé!i'@e slliGoribaged dayices.f Apg rasuigof these
el emt:m@nsqﬂéiwe §ledronic Ge\ﬂc!ie&%élbﬂeyedtﬂyﬂl:cntt@ﬂtotsﬁempfdaﬂons not
app i cations n equirin er ne

co Fehfift Pt RmarcE iR a8 o ST SRIEPICS: pye Mt et
parmsneldispisya yéth won-amissive pinéls andvie liphtestitingdiodasn | i ght

em tting diodes. [005] Progress has recently been nade
i n [B8&Iendicargss has recandy besni roaqsdn pgendingiae e perfofraance

of daaétﬂﬂbabﬁﬂtegiaee@téi&ﬂbfﬁc Q@){deﬁ ®f p@étl@é@%irétés @@Qﬁéﬁd&ﬁaﬁ

|
ol PR yao & s e brestetb aplrgots. Ein e aprel new tin
t hifim tréndistort (MBRsiesigoy ha(vé"lé"rﬁ)erg;édsmag ase dompatidergitiy pocedsby on

ar idsf %rQJg?néf%rfaE. ant %Qrﬁéiis ly Iﬂ#l%?‘ Hé\ﬁc Hé’#c@

materi al s it Sig
perchdiPRgitiss tr@ﬁé‘?“&@ﬂ’é@@ﬁ@@@’ﬁﬂﬁwmw ?"’q‘?ﬂ or ga"'c or hybrid

t r %F@dnﬁilﬁé@amyédﬂ@:rﬂﬁ@érmmt@ dmes:@ass dahgaéh perferiming flexible
ani ¢c-.i norgani.c s conduct or . e

o HechoniCi\iims i ta3d o Raen AT RPaT bl s B ictictor Bements

devahriested by bds@laserranp@hgg:owcmﬂmqua sllisdr thipdilms:. MW/ hilefthib phass of

s erm.-;asae @%&a{;c @ém Plovided fm{: gs&tfé@acgweewr&ew@ﬁﬁam

anneal i ng of amor phous si nthinfil
cl §8@agp St'f’? a6 i Féjlséfj lserypRingdiniite & qaee apdilaxibility of fabrication

en bk deness, GRradl ei@huﬁ@mu@mp@aémg BE9s; €Another promising new class of

ﬁ&l wgﬁ'@ § ﬁé,g(iblrl 5?‘%998 \‘7?? d, tsl % écf'es%ﬂaq(%%ploggolhﬁon processable

r
2



of such devices, thereby significantly increasing
costs. Anot her prom sing new class of higher
perform ng flexible electronic devices is devices that
enpl oy solution processable 2 nanoscale nmaterial s,
such as nanow res, nanori bbons, panoparticles and

cargBescalg el lﬂ)’*e%“"hé‘é NgRGWIeS NA(IPIEPPEM apneearislen apd carban
a mandietiespis AMies ttpaiircompencaisdn a Rumbealf agitroeRrtitonic and

de\fht&r%éectloﬂ%@ewygse of discrete single crystalline
anow res "or nanori bbons has been evaluated as a

de 3&6 | %s@%’l’ ]§cr8{e %Vd H]ige Hélll u@plo?nfrlogﬁtgd'n h%%egg (?vatuated

S on ast IC Supstrates t .
dePB 8Popdhle meﬁﬁsqgf@rwﬁia}gawﬂfébiieﬁqctfgmc #Ryiaes ap pigptic substrates that

de%ﬁiﬁlblb@ﬂbhd:d&i d‘evicabeﬁdrmavﬁde%h@ﬁctdmbg NSudhast lal) Gestribe thin film

SI | raesdﬁo q?gl Bgﬁ? emﬁur& f%g%gtv% k%'ﬁ gginglg%%ts%h%cie glﬁcon
s e ma@yigs ot Ca natveihlpams @is péuieenduding cNannels(DuargahINiu, 2., Sahl, V.,
Ch@ﬂlen JJ PaF,%r §eEm|:]edocl€§maegﬁ’&é§1§mal$ J. %rﬂor 2 rpgg 274 -278).

Nat ur e, 'Vo pgs he a

a fIABRYtRIET %H?ﬂﬁrfefaf@éﬁo“aﬂf?céﬁ%%ll%e%b%%ﬂﬁﬁlafﬁ‘éV'%SP‘Hf'On Pmcessmg
sobnpiastic qobmn Rgich engip kastailice silidoainaadwitesion Cdb inaforibbons

si nal. | o) r . .

o BRI LS 0 L O SBeRlrprse o spgir
15enthagsembled optodhesuteepefiasubistrate wsinglow-digated glighment methods to

?ls Oﬁ%%egg% eém:eortda@nr@laé‘n%fsof@ﬁ thih fﬁM *a%hésa&e Ar‘ﬁddﬂﬁlai micrograph

S RO S Al DaraERE ORI qoHrSd AP A et arerares o
op ticoatayenbtnamgwingsor nanaisbatedn b pulistentialiyt gaoalls! Giegigtist and

mg%ﬁcws A RAARIA0 ARG %&éboﬁ%ﬁﬁ@@ﬁarﬁh%&% AithBugh the

a er or nanow res or nanori ons 1 n

o LBEbaIn{9PaT F il Aiahdntinsia fisl atiergrobiiies By ndbidualsapewitss or
abﬁéﬂiortﬁ%ﬂs mmmmﬁgarss Y Ghaberdll dlav@@ﬁelﬂl @ﬂé&ﬁﬁbﬁﬁ@ has recently been

£} it o i ietel S Girtan e sl b fe i et

naaffact ibllity vélue feporter iy Diag eilé)I MthleDcﬁ/ &psibar, LdleyiMemery, C.E.,
fl ebag ., Amfahﬂ.ﬁet vonh@z% 59%92@5 éoe] bﬁ‘ﬁé‘ oA nf%ﬁ@fﬁ@tqn&b%ty is

lElﬁrOXI mat e orders ltu
t hsaqs(e e of f"'ﬁgmté'd? lolé’Pb‘tha%lWPé’@‘('C pifqcy mobilitigs of conventional
r eginglé eglsthiindvagansit thinl film Eersﬁsthbrs dnd B liKeRsuatio practical challenges

Mu rdh C 428,
pg#' %B;Je!y p%ﬁlﬂ@ ] éi\l\/élleé:tg{c oataAt%rpeJ\%{‘e% ﬁal}omlas or
_ semawboms eing thefmeiagh aomdi@llqe@MMUfaﬁtam dipglosgd\n Iaw;an etal.
field effect nobilities of conventional single
criP8Tlal Vsl nanes i iselulianp as PrecyRsers dmeelyrstaliine dnpigsnis
LII é&@’udbnd&tﬁorgﬁin Iﬂrn%(}tad bQFb bséwé)dpm a ;bd%s?lel rﬂéué\e @f prowdlng

ens i.ng and e in cre

Bl PO e cBmite 18Py el bl bstettisifen Bofarmance
c ochfaragtﬁlsttcso Rllayiet el disd@ateiasobiiemprotessing fg@ioatonlusashagfwherein
”aé‘&&idt%ﬁEédmiﬁm'skéﬁehfggﬁax%%rygﬁ%%yﬁ?B&%Qiaﬁ&{)fya%%ﬁ@nbh%rs is
inorganic  sem conductor ‘thin fiTms has also been
exprEERy %giaatfcp%ﬁaﬁ'?'%feﬁ’éﬁﬁ?f B o praxided srpicqpeiipraineent for a
el L drfettiteansister. qafmns P, amA, IBC aﬁdlhéi:’bbﬁtntes M. raﬁeneégmobzss 746
r rf or mance i CS
O R

wher ein 3



a solution cadm um sel eni de nanocrystal s havi ng
di mensi ons of about 2 nanoneters is processed at
pl astic conpati ble tenperatures to provide a
sem conduct or el enent for a field effect tranS|stor
[R| dley, B.A, Nvi . and Jacqbson, J.M 6 Scien

Vo. namstaygggutlon o?gzgfn'(qg %?ﬂ'deﬁgv'%ﬁﬁtwfesw%% 8eas gncompassmg
WEthhﬂcﬂeWthdd:rﬂstm& trathpeiharidisycet g, adportdnmatdu électrivaProperties
nan clyst

%iatggio aogqu?abgr%egr%eg Fla %goqialﬁm s%ﬂlﬁ%ﬂb%?or%fe%bgetﬁe device

enco
nam@nbﬂly@taﬁhgved@wth@ﬂﬁgmhmqw%? Tem A" s7) apdeverphaesy eld

el %ﬁgﬁﬁcﬁ@ howR 2R filtd @ice figlh BfrdoY Fhobfﬁhe%Q:F&ﬂfvéﬁloﬂaf@ﬁ@jle@:ﬁ%tallme
havi n ani ¢ senj conduct or

el e
o R BT e Bl e S E SaR e oo eschiafed pythe
s- Hpvier @nfgnstioas and @bicatiof methedpruf Ridiky dt elvere lkdp o dride from the

de\é‘eﬁﬁa’ F%l chtht %gttaﬁlfshe Q{v%én |hqﬁ\ﬁﬁlt&f n&w% é(:fﬁéléé qf‘é?!ncuﬁw Whfuse of

ani Cc n1tra sistors
on Ofgaewfentég@uew blhﬁ@a@nowstelssob@msaﬂéwrwn&%’OW@@\?%@av

C onﬁmu %thbl%ﬂ‘rﬁg ga@b élé’vﬁl'dal?@inta@fbdméd&%&c@ﬁt nBhéPaRitie that is

esws%‘%s?agia@a gl S R T ABaR ol os.
iﬁodaf u lf\ﬁ{lchléﬂ g;él 9 gtj 51 (:“an%]c |dl &%P 'pFov@Q gne%o%g KPc)sr fJb(r"catmg thin film

al~so | ons
ag dengisioravh plastieespbstiatgsetie de\g@emnf M$t|¢@$ gwdbesl @enloy trampistors

CoRbRARAsi %é&ﬁ&rﬂcaﬁ!?h@& @%cé’lﬁﬁ‘fb@ﬁéﬁté §b&§astéik§iroﬂe% semiconductors
necessar

o dacrae o Rt LSy B i ol kb ropsries may
aI pravide eledieoniaddvinds cdpablefoferfocaitg inglekén or distdriad orientations.

Fovtk Qhsh ABtid 8 8kde te @%@%ﬁ@ﬁec%ﬁﬁat%&in% the individual rigid

con | uratlons descr transi stors
co#ﬁ'ﬂﬁ‘%‘?fﬁg‘"%@ﬁ@ﬂ"@@? | Thig mg?“@“lﬁ%‘\ﬁ"é"é mayripiee damagedty individual

as c&h&ﬁbﬁt@ GFSﬁexarr@m @Mﬁﬁ% ,@ing alsa ikl degidtie bedigript@fectrical

Sel e IB vP astic substrate with good nechani cal
?fé ¢ @a cﬁrCSW%'?ee ectroni ¢ devices capable of
peg@@fe”‘u ﬁ@%nmﬁfﬁg 574 agég( ﬂ/ﬂ{s‘%‘i %ﬂh%'ﬂaoh'ﬁﬂéz 2005, disclose a

neblgaweldaiabr@atnoaupiatfgnn ugieg ﬁ’rmﬁb{ﬁ S@MOH m@r@lemqnéﬁfgr ggkiig

g e ¥lebfonfcARPEEE Bbt%ele&ﬂ:‘nﬁ dé'@i@é&[h'd %@ler fintfinal é’@dt’rohlﬁ dsemblies by
ama

i’y
Rt MRS TE T IS P I 580086 sefrogg
C O ndramisitibredt pendde fdetne d:ansfmamhl;mnd/pﬂ@@l] intelyrStiorRd memosized

K ST

dIS ose rircati rm usi
pr boletien panting i pitercreviding avel plasemeHt B regieiration and pattern

fel ﬁtﬁ%]lfy%%r?arﬁ@&u@ise adHs0 ﬂ’h@ﬂ'&é[&é&d@néﬂﬁiﬂb @&Sﬂt@ﬁﬁp@fahﬁirocessmg
un | onha el ec on SSE

L B en RO e g A PIeErRSS e SR YerbShatalot e Mpricated
netsiapmneendonat bigh tesnpierature pmceselrmenétmdsmm@ subairadéshy, printing
aSAEMLs Afh ey BAthdeBLRBh  dafiba Ol ATrERRI Zf&gterrﬁ‘)@%lt&és (<

nanosi uctor structures us q transfer
Qﬂémau

c omoa&‘ioomepmaﬁ f§isisosatinie with # &09p £f sEelRmaRIEs
Pr p¥ildhdixprosiadit agRarRt. Rleaute day filmregsisiorabaated nding

8 ?é’%&%@%ﬁf%{ell ICE%T ﬁ%ﬁ%ﬂ%ﬁéﬂﬁg u{)eﬁé trg];llg glrféer%%nce &%ractensttos




advant ages enabling the integration of high quality

sem conductor nmaterials fabricated using conventiona

hi gh tenperature processing nmethods onto substrates by
printing techniques which may be independently

carried out at relatively |low tenperatures (< about
400SusB g6 é%\éce@ldsqff%t)m‘tbé%%@rﬁﬁ%th% 90 o r‘érf'g e2ron{pd &tigp
subgrbaiaf a1 BRI Elhel 6 flexet AR HEH-Meked bentdriviaorsl asti ¢
substrates. Flexible thin filmtransistors fabricated
usi [ago] pitimitbalzberesiert Gomabe foesgoing trett methedesfmdking hiphaality

| ect ron|
geSﬁ‘r FI%Fg%ﬁ&gég?%ﬁgﬂ&qﬁ%ﬁ8®%£$2%“&§aTﬁ;ﬁg%g%gﬁhfnmﬂmeﬂm
V' lcasmnergipldtitnafivenessial pliging t@he%l@gﬁs forganerang iajgeaes fiexible

fl eé'l@ﬁroﬁi@@n@@ﬁ’coélé&ﬁﬁﬁi@ déﬂéﬁs&.fnﬂ@bh@é"&my& OgtHhet, tpnmablb be
appreci ated from t

Tty conposbas pEd SN Hrrd Aptrn BabederApkhion
I ov»ziecgoaetqf ctrdokovet the phymicahditnensiarss spaitiall orienthtions @nd registration of
CONIE; nﬁuct te‘e%ﬁ{s' leﬁfé@ ?)ﬁtoosL Bﬁlra'té%t\*ﬂpélsé &'ﬁ{éﬂ&! tﬂg LEsticatRhy of

gener at | ar ea, ectroni
optfb@%eé'&‘?t Qﬁﬁlf‘é}” %Fé'\??tt”@sa e rgBeAR @@’EP?'@{/%GV'OP&H her
printable sem conductor conpositions and
printing-based assenbly nethods enabling a high
degr ee of control oversUNMMARNOH RIWENTIONNSI ons,

abllﬁn ducetp“?gseﬁf lh\?gﬂlﬁ?l@&gwﬁ % @bﬁ ﬁglh%gth% for the fabuc]elt]ion transfer

or el enen ubst
aI sandesprinribeofthioh iy pmfa@h@ ﬁQWCQSﬂUGtPWﬁB@”éB'ﬁ%'ﬁYwSSQIP@‘Pd physical
f amtﬂnﬁt?s‘idng,gsh@ & Qﬂ%ﬁsﬁaﬁkﬁar@f sphtitl 6fidr@dliohs. dEHél dfpositions and

t
or GUPS o oéﬂﬁ.p@%%epﬁ SR SRS b PR RE FR e B ond
t r ansfretion efadawss endibgizedfantifoghangaiadd se]nlqmndmt@ﬁﬂtrectures onto
send, GARALC E&Dﬂﬁ%@[ﬂ%%eca QR¥-Aigs é‘ﬂkﬁ‘%ﬁﬂe QL“BS%'&@@' in addition, the

di nensi on$ ) osi t1ons an

or i REpeat iMsation Hfﬁ\éld‘??dﬁ?fbgqstqf m@g'"&ﬁ'&f“afﬂ%g a%“da?*mi ${gments from
Pr 66w Bbst billk Biaterialg, s@xl’cﬁ)m; Balk biligh waif@s,iasd emartegitaiatrpastessing

trans LNt e el e} i i o
an ﬁrg{egﬁgﬂgg?rgg % i §rd cer eéc ‘2 %?tglsa %F'&?' 8'Zb%g9d fabrication
s u lygatiosrn &g making b @mad gangaroé aingiosa!l septiponduptarsleviersl ghe present
fl es’éh*?éoﬁdﬁ:‘t&?%bﬁ@éﬁ%ﬁ trahSfePSHY lﬁﬂe&@t:or{ Sl&ord rpﬂﬁ/ﬁ!é& a number of

i nvention provi
AR odsn s YeT O S o B b e e g st
S ucdiientatidnEnld okjahizatinin, dadirerisvelscard reatenias pusitysof thed [sintable

pro ies that enable a versatile and
%%?02)!1 °r§t‘n[ tﬂ}rrg%t ive printing-based fabrication

pI ﬁ]b‘f:éjr n?'ﬂce s@@ﬁ’h&ﬂoo@ é%%&q 6&[&@ of¥bid #4B§datidNé range of complex

VI Ces resent SGH]COHdUCtOf
£ ao@BeH Slpsrarie S EpeaFANG Javisas atdesice Arass BFkging large area,

Pr eékige shigh Mﬂhﬁnc@fnac@dhéaﬂﬁir&tmlcbﬁl eihibitimgpaioraancehi gh
g?%&ﬁ%ﬁ@{%‘?ﬁg gchrrao%éar Vtﬁ Irskntg[é c&%?acl)lmsts{a%lco{ ?‘ bé’seedgﬂelgés%labncated
matusing abm/epﬁmnaltrygrdfmpﬂgtqm pmc@blng meﬁpms chP‘F'di@I@%émi compositions
Str, VIP b t@cgme{hgckz(lf a %}?nlﬁiﬁ& %%Qiﬁorfﬁ?gt B@Qﬁizﬁ@ GremSERPAG) Joktrning

ena rication ran n?
andfor integrating printable semicon uctor eteme S onto or info substrates may be



i ntegrated el ectronic or optoel ectronic devices or
device arrays, including |arge area, flexible, high
performance macroel ectronic devices, exhibiting
performance characteristics conmparable to single
~crystalline sem conductor based devices fabri a\,tm%gtor
usLseyl to Gabvieate Vigwally any YHCKERFRIPRISTE 8N% PIJRYE SPREC
bR, ’fh@senﬁ&ﬁﬂetbrmmany ugutsl, hoaredery brm?umqﬁw
asse pos 0 [ g of
pat@%’ﬁ%@ec"tg’ﬁﬁ/ob?pt?ﬂ?c gr atﬂ Fﬁé&a‘ﬂ dé\{ig%?rra% %E}n cgs;léd udgt or
el aiRes, g Rinttirgrdiddes, @o@ug@lﬂaﬂdé@nwﬁywdg%f%@a tgpsistors
{ QLR I LI HoPtd fdokfdriloRrs GIESFETEN BEDBRY lipolar). The
u

m-conduct or | enment s~ These
paptesetlcampysiisss s oGBS T AS) YT L D Epiemelove
' nfrﬁéﬂrﬂﬁ@ dicties &[Fcﬂﬂ’d guchrastiD A ehceBAND fdois giéasi 3@@ §Olaialementary

emca gl et Pigpdl =B e fAE R prtad o 2 substate

t hiwell Hiefined spatiabireniatians a@crmr@'yonnﬁgtpgfo femng deslnge, gl{cgﬂ désign.

field effec&ransistors ( MESFETsS ET_and. bi
Theo13pr ds ene aspestpibe P@ﬁ@fﬁ@“ﬁﬂ@"rpé% &E@ 8’%?%‘{1%5&50‘{3 Usipg gulk

US efiibidn Ji6r é%d?ﬁatéﬁ‘aﬁ aaEmdyShelepediatiegparseet! tolpayideinichl y|elds

t
i 5o U A0 s
semriemanine sabctel wittegreat sasuwsagy; iimererapadinent ol s epneckofthe

We' | e BEf iheHorsPicbR wafRF h& (1@Wor%ﬁﬁtnd:rf&rﬂﬁﬁ@ﬁ@ambﬂdrna!
p]regﬁt g%lreéﬁemrcuH C?aél

asputece nr@wsecbsl@ AEomRGEIAY BeHNE e "%Pfo*ésﬁ%%f 5 @ low cos,

Me @A $1 1y Shicth vRidrk A pirklipcefrevatet festurests gryeraiadanthy external

;Pgbﬁég%y%& 5 fﬁ tsi%ﬂ%dwéfer%ﬁé?@ﬁ S6ch t'Sthé)lre@é/ésQ@feEiu% comprises a

e sem conductor el enent aVv
phmmmsumme sidesyrfaseapfexpencd st YRIF- %fﬁa’é‘rﬂ agYop e the side
sel gL &d ornk he&E&atfea%ﬁQQQ@Waskéd} iae @neadhf thindesofiption the

Levwageior mepse e PO R o 88l

S UlrhaikSndtériaR capeibiiad prelentiag coimhibitiog aﬂchlpg ot ¢apalkle plagcreasing the
ybdeséekiidat tched

oi ﬁ;\%&ﬁ's%]h%gm%\ﬁ%? St aFe?s %é&ﬁaﬂﬁgggleen %H% sﬁ : e?f urset: ::be che

gereriathetietoting opsus ploeg 410> ditgetons of Bp H?SS‘E en y

si lhsRBupdRlor nWbQirﬁtaBle%@ﬁiboaﬁudtdr@Imés)mmpﬁm apastially or

¢ O%I N dpqca&ﬂlc%ggxf&r%§ A€ §n Qggefél'e%oﬁi\-”eha?e%ﬁmgf)emeen

ex I"'ed ortion (ﬂ>d .
s urddpeestlyqiositibred wwe@é&tmreaam@ge@p@ym@long i irections

?g?g%ts(llf&r)n hifeP g@?&ﬁgbﬁ%@% thd Srmt&i(@éé?ﬁedrﬂnctorlmk?ﬂfa)

e ousionsit, bposiichpiTeRe A1 selppehtiin §Edaf Bugt Bleiectad o
| Nhh o ﬁllgﬂﬁmeﬁtt BIhtBEn0s clempats) suchbis tedgeaiamant qoneectm@th@
?;d?g{%‘ k}n% %Oaa%zorggem%g tg%e\ﬁafeﬁegl ons between the

ched sSuch that etching occurs

al SBgﬂ<lllooz18I%}n@§§H oy 8{104 B6t r(oHlI]r)of &b'sld@%ﬁrfél@fa Bfthe recessed

I'n e or nore
Serfosiord a0t DSHel @w&%vegqerewﬁ‘%ﬁ‘ﬁ g" “’B%?PF?"JPP%?“S g the side
entd Jg%&éé YiAd ehebsked lrelgﬁdﬁ@ﬁf b rsw@tsuufa(es)are diched, fuseamiple via
o

i i O S

di rections



of the silicon wafer, thereby generating the printable
sem conductor elenent(s). Optionally, the position,
shape and spatial orientation of recessed features is
selected to fornlalignnent nalntenance el enents, such

brid I t
5 o WAL RS BEERR FEo a0 [SRRegs AL P iefof o present
enmreentioanétehisg paxitsibehweeh the raeassed featutss slang <§1Qfé]|rections of the
Sur Za,c‘fiﬁﬁaf&f thteh%g dé%g@:ﬁﬁ& grintétﬁ@Eéiﬁ@&dﬁétSr saake@) ddnprishy a

gener unmasked regi ons of the side
surpﬁéfé@soreWQ'Yl&Wﬁﬂgwélﬁlcng? of the side surfaces

tched, f t
e bR, " Aite PESATRE: 1 Gralieteel e e ap
th Q:o(nﬂ:lbﬂe)y rsadked amd Gginad Briwerydhe recasagd ereeeafe etehedsgiel that
f eaii r g3 ccdr@e[‘bﬁ# 39 ﬁ%ﬂgétﬂﬁﬂcgf tﬁg sﬂ‘cﬁﬁ V«Bfe‘? sf&rgxample by eiching the

in e occurs etween th re f 1
feamanerr@tuvweothg mepkeLrogpRM RSN HsTUEng P gf&ﬂmwa? de (111)
t h%ﬂ.@&-vwéf&%smaﬁémww.eh Récabder feaities OMils ptoowssinl dabecatés )

gﬁ&tﬁﬁlﬁégmlceﬂfgﬂc{of ﬁfelglﬁ%t rg?n?[:gr}njglrg% rtﬁ)qg{ ﬁlwelgﬁlnh&%@tr%tllcon
s ursfractares.olh spbine embodigeeld, atatial tietéeréheeﬂoot@‘ﬁlpﬁ @p%qsyj features is

ﬁg&/ ﬂ“ﬂhéﬁﬁ{p% By Qr%dﬁ%ﬁe elchfg HRARES & DriemlIW RSl the

G Fecserahige e PP et B DR Ec wheron e
et Ghis arel ﬂb@ztxorﬁ@tcﬁf thé@floosfescebivel famsiesd Falggatinnsnaliidde Wherein
glelssfu d;ﬁrf%&%e EJF %g rec %s‘,;edq éﬁ:}% %l%%ﬁ’lﬂ%tew mggkgd QM{% thicknesses of

positione recessed features.
Thitse mmb&@em@w tatheidefitedand seleried FloE: RIERFLHaNBEgMe methods

el ety RiAMRAdKigRPthe sRiBishitdeby Or entirely undercut
S|I|conﬁéé?ructureg In some enbodi nents, materi al

u ncts{s]t f@pt%hél@rthefprds&& netieds ses firthat cmmme the steprod vediding the
for ex

i sotro
oraeEar. prosrl PRy oBF ol BAnTRBRERfesros pror o
parfabrﬂhiioyl aftisleeidiabletsemisbyduciongipmgntsn Refiing ip ,thi%(fqgufeéhr@fers to

Shbribl Fe?r?ovaa &ksin f%u:@éb‘éé bi 98 psbeSdbdtiburbs, @0cisasthe side -
recessed

b t t
e o o aesEeb e IR cShlp B
”aséﬁ%@th@* leoubsbl Ratuné althesssaa/op procedsingpesuliingliy wecessed features
m\?{F%S gée urﬁsnﬁﬁ@a@% rﬁtﬂ'ﬁloﬁg Lu%&ﬁ%c@ﬁ(oﬁah@(ogiﬁé ftt?éréfny resultmg

oyl ng partla

S| de pétatfiesarsicoridodte) eiqmﬁrﬁ%‘?ﬁbﬂr’wmﬁ’%r $iriasesAnd R%?( ‘I‘f‘é?j%"d%r
rra}ﬁa(nHﬁ hloRd urﬁ"@m? Bhg%}%altd'}ﬁerﬁ;toﬂg afd mbghbbyisg ivee embodiment, the

I
r g%gf@rg(\ay Pg)é%qsijll} @glenﬁqlxqge(ﬁrﬂ g’[’]‘g'ﬁ’gglf’?%'g{%ﬁd Qg%Pﬁ&rotpﬂeetchmg
pr itadhalhues, &enkarapld eichiog usihgeie O saRdionn Methoiipoftthg rresent
Cont Sihord KGR bboolSidhRlnE G KRR GRRIcR, st

eatureés, such

< Urdimersiona e MOEHPGOY teeaassed Rl ATe gseflr!éé?f??ﬁ“ﬁ%m" pathways
| NGhudBndth i@fb@ﬁe‘éﬂr&iﬂeehaﬁwa bystegng (VEMS)R@H henodeeterssshdnical
feature %m%ggﬁes and/ or processing resulting in

r ecEERy res having nore uniform physica

di mensi ons and surface norphol ogi es, thereby resulting



in printable sem conductor el enents having snoot her
surfaces and features and/or having nore uniform
physi cal di nensi ons and nor phol ogi es. In one

enbodi nent, the geonetry, physical dinensions and/ or

t ecﬁﬂ%ggéﬁéﬂﬁﬁ S'géﬁgﬁg?r\éél%{l@%?ﬁgﬁwrﬁgf ﬁg Vﬁ% V\{g%% plurality of recessed

s ol fehiures halib] sxtetsedfhysiba djmepsient, positone and miative gpatigliongntations
o‘%%é&{.(l'?rgtgﬁta%ﬁéct bPMQ g}@g n{e@'deF‘ fdr ginlu &)ﬁgﬁ%ﬁ&étmg arrays of a

ogy af th recessed
feafeme@ymae@f L&;@fihw? bi(‘i@af%? %ﬂ paﬁopa?wmsemw uctor

MekéiBeents ﬁl*bﬁﬁécﬁiﬁtpbélmféﬁﬂ isetial @'béﬁﬁam seEB)with high accuracy to
nan L ectronec

Pt BaAE oot cerreFR et honfe SBR[ Mettode ofhe
Wi t presenpinversibn are capeahieclgsperdting asaysipiasiniabie segicsadustor elgments

phy&ln%?éongfn $ laffeSoortRSe b, Qitsut P4V - BEdLRDEX CortRPdkathal surface of
orienta |on Is useful 1n this aspect of the present

net WBGYCHOYa’&i nul t aneousl y fabricating arrays of a
| ar e nurrber of

101875 iR aereet bEsrtob A ryPe e C L oBha gl T drectons
posoftthef1$1)ailidorswaler prbceds mompletiorsbefebacadiateni re¢es$ﬁddﬁatu res,

ac Ct%r%ﬁ%/ erlitﬁ"elg{ u%k&gh&?'ﬁ% %ggﬁsre or%s %G(R‘/L'f“}%hzc&ﬁﬁm&wéﬂ fecessed

h
pr e’@@iﬁtesl theraby makingithe PEBiBBIB PeMIGPRdYERES'SNEME- a’?‘fe&"ﬁ"%‘f the
Pri pesddt Rvsftoh ReNdshehod \mmam Stchis@aloas PN idigctibos af the

Ie)e(l { %’l‘cﬂg éeﬂ Eer{ﬂ%een %qdéce{lﬁom | féa%tHre% %188'& no%?;éa{%?cfrqé{gﬁn thereby

pr epswitely bndegnitting the Iegibotiefshard f Hodisonmaieeheiweqnorrasged features

al oggy iﬁ%&%né”hﬁr%q bty uﬁcferélﬁﬁrlr(téﬂeléerﬁbdddﬁaﬁr é’l&fx@ﬁ(s in some
proceéds to conpl etlon bet me‘ﬁﬁf?é?']‘éacent re

f camgieds wherelp ety R sPEIcg" GER rPRL o Bt
Of stbsind ﬁr&déss:ﬁg bﬂeﬁ Gifle Wedtieroribetbtimesmd ipbysie dichensionst of resgssed

et D S Sk DR S BB 6n ELARE Dl

resent I nventi on | nc
V\heseemuwndumﬂ m@t(a}fgbr@@gﬁera@m eenesiad Ocsfiowq%l"tegrqlw gRsipected,

}Naf t%fthé’lﬁﬁc?ﬁ RBfeRH] R hwofe?@rfata EMe bﬁiﬁéﬁé esmidoRiicopélergant. In

O CO etl on, [ a n erc

- cgtamergrodiis oy nepplRepiro ey SR EE kel atitEea to e
f eagifitor vafen ol |nbhmsetgmmt|theg)ratqb@raem0h9uqtm@&ﬂ@at s

pri &tnﬂgét%iﬁ% SQIQ:B gf[%e?(na She Hﬁﬂ&r@%)lgnnlléﬁt faMeenah®d didikts, such

e sem conductor element is
entas’rmdyeslﬁ@]'éﬁféut by this etching proceSS| ng step,

the spatial orientation an di.nmensj.ons of .
" ecioaBhqUsg o AioER ek PR APt A G ER g1 lering
vaf istepis®f Hhelpsbrdmantidn providestandntpmsicetatbstep useful for at least

S oL rEY B CHRiay g bARGRE BbAflod okt BfiBRB Ehd ftonally

opt¥ i con
at aligement mmﬁemaenegiemﬁnts Rechyssi bggmPlemertp Ebﬁ?&l?ﬁ“’t?Pd‘me"ts for

el eqgy ﬂﬁ Mlam&ﬁ’rﬂﬁlc %{HH;?.Q ispREh %5 seldddMidt Riodlles for preferential etching

¥ Tetmal B dRdrROurR BB RE KRR B

s enpeesds et Diastel @ERdng te <110> directions of the silicon wafer than <111>
directions of the silicon wafer, and preferentially for some applications etching proceeds

8



connected to the silicon wafer via one or nore

al i gnnent nmai ntenance el enents, such as bridge
elenents. [019] Use of a silicon wafer having a (111)
orientation in conbination W|th et chi ng systems of

t hg’\t 5{1 g? !ggstt géonq}'ﬁ%%%s%grﬂg{eth ﬁéﬁ %’G 0|> h;%ﬁltig@q I ﬁet s?hcm? \tﬂgi%r than
unden Cudlitdctighs pff the stibdrewafenarciom skurod embeelireendsieishiaghptoceeds at an

opt g%aeé 40}5 t.ma% #a%pra@é alﬁvgg b RS cﬁreSt'io‘ﬁE?ﬂhé b 5 than <111>

enmbodi nent s exanpl e,
an |d§@@tloappfdh%¥rkq9n igfesy Yndanspee @QC@%SEF@&OB%&HS@P@wisa‘&NG etching

f orsyﬁé@f@ﬁééatsu@l thﬁtemir@gjoegharsgbgtmawlp%&%ed |aroagtne0m1>
L hents,

or clggng ol FERelf neler, nta® SR SRR Bl g ey "o
of dbbﬁnﬁlsbb&tmﬂalwmeeﬁ Bleng tttb1<ﬂ:1»1> diractiars! efegs t@fanth@nt of etching

si Iy
ap that jat a?l%gtﬁ%r aebo(ﬁ:ﬁjfegrr p%?c%@gfgl; % ?ygicé(l Jﬂﬂfabl%‘%gﬁuconductor element

P at  an | east 100
ti feksicatipnnagcepstseR 8'&9@’”9 ﬁ»é%femfegh&.@é%rfvftﬂ?%me?es’élﬂ%sfep

Si Igbﬁ@ﬁtevmﬁﬁbaetsaanondﬁl:fbi 2lefich tkiinns smboth hadeiclit lotiom surface,

er _and. in t
At @ PgsynOr G LSRR i S p AR RERES (o Fbaue o
di Odcndnonstest Arfisotrani¢ flclant aegtems m&%m&!ﬂa@senﬂme&\?% Betyde, but
of awﬁot%hﬁté&tem&@ﬁ&fmanl&mfg L%mg% lﬁrsie%aaﬁdnngmﬁ@awhm amali
an ani SOth ic etchin e% ‘
ot SRRy SeI5ULions EE (BRVianE FATTY RyRshaEg ﬁfﬁ\%ﬁt he <111>
di esamethgiaminotitie hgdrbiidenamiak galiatd fyalitecid, @ttaesiamik, pyrazine,

t hi Srfgc?%‘f L #%%hé)%l&%ﬁ)d Sﬁé{l’ ﬁ)%‘?‘gﬁlr%g at r?&rﬁ @n%rat&@%? af Wiemperature

BSTE rocee 11> rections”
re’@e&‘aéeftﬂaﬁﬂé%%%xtent of etch| ng that is less than
about a few percent for a tgpl cal printa

5 B0 HReb B G B moS i e s e e s foatues fplude angled
et @lchieh BaLii EpBsific of initisk matatiar, ezumtasrsgnaalan esmbmgtmtoemetals

ST 5 A R S1RD St s

ace
unézemplaniboetiasininclude Axematal angledsaledtrae bedr gw@@% of Hiéw

t N, RfingGsbal c&uQraQQ 015£hé1 3e gﬁﬁra%%f thé«raécégéddcr&t@rest Theaghadows”
systens _useful in t

0
Y GoHGRIG TRl ET PRSI PO BT MERC Y I DP geli g pipkress
s 0 Ioﬂmle@ﬁntasm eémiasndiCicr elainkiatsi Thdprdsent imdthodoindtideprocessing

(t g Sjamat h %%%mgh'ﬁ]ﬁlﬁ%yegﬁﬁ%ge @%P@lla}ecegé\éa'szatures and, aitematlvely

am ne gal
ac pcpcegqrrrmﬁensélpﬁt galy pgnshplgrzrp@fg the glgﬁ §Lﬁ'@p%ﬁgﬂ f t d features for

S 0lldh@B brocadsidtdpy ez Alabk sel@dted S¥MBNk erﬁ@iemsatawae obdiepis o the side
tenperature greater than 298K [020] Useful nethods

f oPUTREERI ng si de surfaces of recessed features include

an el ectro ep e

S ug(#e'li !%o%?rglfo we n_ﬁls oﬂﬂ? Snfes%‘?gﬁ'}g?%hh% hﬁ&lggq of r‘ecessed

vamaturdsepamgtsebﬁed pm@mhdhmemtm prismtationroansiglogitiprsrs provided fo

dddrd] sﬁ’ﬁac@aﬁﬁhlgﬁﬁ\%ﬁaﬁeﬁt rechXRARAIYs FEthBegSmal surface

|nc etvvo nmetal an l'ectro n(gg %gsgosmlé)ﬁrﬁp p

Ti hma phypisdidimangiopi-fi éﬂngt&lév*élﬁfaa angfent RS, BOFYPHR 8"

of rdiktRepaRssRetalieatdticetd td Bedss batallysiéfine the physical dimensions,
shapes, positions and spatial orientations of the printable semiconductor elements, and

9



cast during angle evaporations, in this enbodi nent, at

| east in part define the thickness of the printable
sem conduct or el enents. The present nethods include
processi ng steps that conpletely mask the si de
surfaces of eatures al t

o DRSS GYat BREETRal IR APaY (- ool Radish 4 foata
s uofiatpnobt ddzeent emessddedtaas are@}ecfed to dedina thg! Séape width or

g: g?gl Sbf ﬁwgzypﬁtﬁblg @%mﬂﬁ%ﬁcﬁ?éi@ﬁEﬁrﬁ) ggi@éx%g:e th& %a‘éfr‘@ between

enﬁ@im%we%?ﬁd fapfucesdofiers the Mdiher lenativedite ¢ rW’e'?ﬂ" ag
pa&érﬁt&éhd&f:tof S6R&A, temhtd tHeeddptit ﬁsh&&umgd safatteestrs@ wspmcteﬂlto at
nsi on orien 1,0 S an OSl |
¢ hEsasheg AL Ao B e RO B Rl eleffont n some
f eambiodsens, r@antess@xfeﬁurnaha\etug cﬁrsaccer mdﬁav@stﬂny@wallfom (i.e., within
di QE{EE Eﬁ a!edim rls%ﬂgﬁltéspref‘éfrga 55 a0 ek Pidtabie Q&B%ﬁnductor

posi alvesatlal rlentatlosseb :@
toelsmenféagvmqmetqrmq@/uraf@fm RRYSIRLIIFRHRNSFUCH PRENE Y UcKness,
S hﬁ[@%ﬁﬁor I@r@&lst iReBSssadiakipatrhal beofabratedtty@ng mefing kmewn in the art,

g”ng & Buct R RAN ShAbrRbRIRR &océgﬂﬂsu@%'n%%ewphase shift

s pamtaiy)ogr@hm seft lltaema@mm%ﬁssmsf||ﬁé1ﬁla¢fh®ﬁsd%ﬁ*'%}>%@ﬁ°ﬁtﬂg

r eﬁl%%ﬁ@ gtcﬁﬁétv#!{t @I$en§éa¢ et%ﬁﬁh& Gﬁ:@l@)ﬂfa@hlﬁiﬂﬁ |d&trbﬁ@eaﬁhﬁmﬁlg and
en of
o Eaaive ) oty e gaeiael BhA RR R SO Satpms of,
r emessed idpatiiahgdelbitae physivel dingnsiorarant egiefivi spdtiat ¢rientations,.

ther\l:?eppcff Qllie"mlgﬁ foﬁ¢§ 5 HG8 Qélgs%@d f@éiﬁfég ?{1 ngaéigerﬁéq @ur%%@ ohihe

he re esse eat ures may e Se | east
pamtmoalwajer cgmpiserihecstans ot (i raasking Sne PT AE "%Q"P'ﬁ’toé Hlegxtemal

S eSirfRB By GppNindh REE therdbl g&ﬁé\"ﬁtmg&ﬁﬁkkddi ragjivhs and evesskedregions
or e sy bst 3

af;tHé g&ﬁl{?‘lﬁ Vs:lfll:}g%arlﬂ (o )5%}8 fog eéaqu ah‘%«!ﬁtsc%ég@ é\t&l; nﬁ or isotropic
pr éfyestahind technizges, ot lgashe rpattlen pf tha uabeked sedians ﬁél’ib@leas‘iema|
eI SIRRL Srdaykfg one or nore uniform physical

| mensi ons, such as uniformthickness, wdth or

| efp@bS 1n cﬁ%ﬂﬁ)@ﬂ]e‘l?ﬁt’cﬁlé §§péiﬂ3c)f tlﬁtﬁpr@éﬁ?ﬁ ln(i@itlﬁﬁl rédessdttfoatures

k
T Bsea s Az Pt e SETa bk Rl b ke
s hpthyisicapliaeresidnt hogitiensrand rglefive dpitidi ogendations fr esaByé.rfgsessed

i fe%tu?és co Egﬁgﬂﬁrst 4l 3ée&|?19 %Qﬁ'lets‘e&&f‘bé‘&tterrﬁh Bfd8ne silicon wafer

hi ng, m cronach

C1 sshios how At AR e BORRRAtBR HOm08h PiBeT. dPE RPRGE otphing
Onﬁetws,@g #élfces%a@féatumnﬁ tmsaepﬁisﬂlden@ft pwcswsdwongh@mst ehansel ¢d the
recess eat \VAN]! ect |

antFPR 8?%"\‘7% agoﬁlg?rf -Tal 1g g'éec? rt'ls %fﬁﬁe Q Pc)éﬁ w%%r tﬁérglgﬂﬁ{dg%ﬁﬁmg at
geleeastat pantipnan the geglanod dher silisen s@ferpe‘atqmeébefmeﬁ griiacent channels
exé&é%'fa&fg&%&%ﬁ&a@é sdfi€ondiicok SB&eM‘@J)eJnd%fﬂ?fal 5o ERenents,

exb%fWﬁ%ﬂ f rsfsamﬂ paeaad sia %Egﬁv%@gfﬂrﬁﬁéﬁc&n&ﬁ%rews processing
?”kﬁ‘fe?étéd"@ priRSHEShrii G Bt Orer eaasrdenn(rsmmﬁmg egaialy orehtirelye
an'i"éc{‘? BE)IFCC,W § c%ér? %ﬁ?ﬁ[e(neh )oet\gn}eg ltﬂ?egﬂrst aﬂg s&?&ﬂma%nels In useful

t eehbodinends foatmakiegisn araaypzf Mlnf@hte@ﬁwcn@dugmls;k@wsf%@at@ﬁs
of the external

10



surface of the wafer. [022] In one enbodi nent of this
aspect of the present invention, recessed features
conprises a plurality of channels in the external
surface of the wafer having selected phyS| cal

di mensi ons, 03|t ns and relativ

or FeTBIsEGHEBe AUTbEE pimaels PRl ARl Risfgue and dimensions i
cogpRdratbdien fhislestermnsliraeediitk girannefes, therpbbenaplinotsimuliegeous
onto .10 ARbndulRY eloh@hts i £sing]
phyag)lnﬁag'f)f')%/%as%g WSP%P gﬁgggc% otrllﬁer g)I'he ssep omgeprcmsswlg
et pratasg. betvveen recessed features in this errbodl ment
proceeds fromthe first channel to the _ second

al 6¥g1 t treonererepodinens dirst apssesend shanesis pr e e\ﬁ?fr@} su 308 gtj the
t hQuaph ¥reUsdREAIRAIY ioREntéd in alsabstantiallypmralisbeongurative. fnethison

f the sil f :
cnaongen 8 ek B Py Bl d/ i i Il Bafften  paialy o
el entaly (8Jercud ndntaipe semiadndurtpiigbor pesitiared between \R@@ﬁf and
fi %ééoné?rﬁarﬁéﬁo P& iR ksmd smBadiAEnté, kAd dositioh edphysical

IS

rocessi n

se ﬁlinwﬁlggﬁ:@f(g Fst ép%ﬁ@ﬁp% gf)a%e%]ﬁﬁﬁ:el sgﬁaﬁ%d gu%hat}:?t%ef Pnntabie
enisbmibtuctondision uémaind inegralls¢anoedien o tpe)glhqonm&ﬂn until further

bﬁ”}? \gée e%g{q{ﬁsg cé | rgrtoc%gﬂa %EQWO;&H&‘@&}&M with 8 tlﬁ%ﬂdi'evace including

cSs arnay o l%)rlmafr xamplg, the first
serwa@hhmltﬂddP a5 elaptamesic siempatn S erPdEBRRb P SAYPIS:

gﬁﬁmn@%{%ﬁatéa‘ atGTRGRARN Bnd @Y sa®niehanndbintindespd sisebadsnd,
of ap%@g%ﬂﬁt{aglgﬁem?% c{(lj{ H@): ergame"; geﬁngé&? rdﬂ@%ﬂe;%}‘wg 2 Slignment

2napt
f alidintatancxeterhert sbishr gpen lmgigbe]en@ht mﬁhﬁﬁﬁmr@mafer ata reglon between

S€ e%%HgFﬂé%rllsF%%é ahcﬁ‘a@hé 5A3h& e RS &laRgel. Add|t|onaliy the
pr ot ocol

one embodi nent, tL 151 d@gl%b d y s ectivel
chdirshehasne)end gacasd caamgl m%)ﬂ?'ff%{aaée ghthrgan g0 878 P 4
| ongh b;bﬁé»hagrlthé/ pz@ftétﬂmie’ﬁdcdnﬁucﬂozﬁlbbslt aay alsb by cpamedkd,alirectly or via

conf i 3 PRl fer at a
et @i ﬂ‘{:{' WE@F?"?'PF@ eﬂ%?:eggseg%mﬁg%élgggner ates a o
panégia hepweasn thethird ped fpudineisiScut  printabl e

sem conductor ribbon positioned between the first and

sedodfll Jhamedosls oFfhisraspegbphthe presens yeRiRR JeRY e cophiize a

P Oﬂanbinrbf %ﬂﬁi‘)nﬁfﬂf&e@ﬁhg st maIading duifot fimitext to anateria depudition
channel s are

s eAE/BLRATEMNG ?r wsﬁg?%%?q%mWE%n%U&lv s’gﬁ%@rﬁ% gjé:h 3§ electrical
t heosthdts,daealatiad siructunestdanid/of edditfrasl sepv@gﬂguggq)rﬁgu@gr@ﬁorgg the

pr gx?ﬁtgﬁlé g&n‘%%ﬂ&o\' Qt‘éﬁ’lleﬁﬁl Meﬁﬁ?ﬁtﬁk Méfb*bl@anﬁrfg?élﬁf%@é processmg

I nC not

St dongramble Esce ISR BecasP Nacaipngss fHoe pAed Sidcs
chand@lal dsping p?@ie@ﬁng’l&raﬁsféﬂ, patterremy] assedhilyhandéoe intsgtation of printable

g E%EE%H {05 F:l@:meg% Sisihg & 2 128G RD guch %’E\i: Cﬁl&%ﬂﬁ&rtb @faﬁ*&'

mal NS connect rect
VI aomtrorenrmgmgmmmqwa,u wefensairiece refinisie: f@a‘&ﬂalgglgéh%wrfag%of the

Ble gE)ﬂchlli}ﬁl ﬁ)’{ LlefBhts ‘f@fe%mpﬁé b rrfaﬁigg ﬁ?drb;ﬁﬁlme Rydrégh@bic

I rst channel ,and a sec
of afqﬁlés-efﬂ%?ﬁ‘?é remoxaldpt 9xgmate Ry stqig: QFPWF%,?"%E"IH 5%""?‘ g ag“e"“a‘
seeRRe Ia@rbr%rdiﬁ&he praticedemictatiacterteldntent dndany doobinetiorend wse

e%%%e onal proce}é's,mg steps.
11



and optionally the printable sem conductor ribbon may
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present invention further include use of kinetically
control |l ed separation rates to facilitate registered
transfer of printable sem conductor elenents to an
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I ntegration processes involving a contact surface of a
transfer device, such as a conformable elastoneric
stanp, thereby enabling registered transfer froma
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sem conduct or . e

o sk b i B0, EYBEmp UL, AEBOE B
by rfava@hlamagmdmelecheeﬁomnleecnanmwof@metﬁé pRRQIRfLers to about 1000

telr Zﬁ%?"tﬁ %.ue[vjeﬁge ?fbgﬁ%%tse@&gé fbm ﬁﬁé’r@ﬁ@é’ﬁf aﬁf)utﬂ hnometers to about

r exa n r
conta@Btmigronsandrey. aVF’P%%PﬂQ;E S@'PF‘%h ,g g aOZf @ﬁé‘ﬁ 100 agnometers
be t‘é%é&t%o@mnmdlrﬁn‘on@cﬁﬁmﬂmmhe pl’ajasalehmq@mn@ grdl shape of

such as_ el as ‘ﬂ‘g? rgt(% ﬁ'ﬁed ?%H%Cyh?élcah HRRhLi6A di¥he printable

cont® SIegsF! acilitate transter
to sdmcmm:taoaiemmmegts tcathtz gther wateh dedisiereq Bafer fy be

one, E&g Bmﬂl@ Jsrhb%f BRERL cldtherk haviny @seetage width that is at
|nven

tial rrangemen
co n!p@@,&tgn@q@n@pm :ﬂq)pgqf%rgp yfgr ﬁ&rﬁlg agﬂlgat%sg qﬂn@%s smaller, than the
el egRRAde VG of BEbebie séraicpdovtoridernen AN PR %fﬁ@ﬁe thickness that
reg) St% ed s?rfga rstﬁaef{ the L&br&#&%@ﬁﬁe&@ ¥t th@prirftdbie semiconductor element.

des®€r' he” expr ess
r egBﬁd@rm‘nqmsan@f 0 by prpdded with qh%@ f?:ixtgrﬁg ?oef?lcllggte their fracture and

pri me%’& orcd ML REHHE tpﬂﬁtalb esmidbisiuaiot Slembrtigesthe mother wafer to
theirr relative sgﬁtla or| Btlons and rel ati ve

pOSthPIt'@ﬁgfequeVP%g PHERF A S[}ltb % Hi gh precision

register dtra sfer for & ;

or i WB8h| 8%“?8 of?ﬁ’se %Jr?gtlr’] fhe p‘?mtaBt(e %Qﬁfc@ﬁddé or emenI

subesdrhgrises B(pruaaltle sartgicenductgeiibea egﬂxagt@a ;eg%tg @&pga principle

Su bﬁ)"\é g\’\%)&:he n@ln@ﬁgﬁlﬁﬂ 206 e ¥eawy entti 4lfirspbrisge slegent
ere

L:t Lémc@ﬁhquﬁ%ﬁggg tgg lg%ﬁ?t{{%ﬁ%ﬁfgqntgﬁct& Fb@ﬁiﬁ)tthgrngﬁler wafer and a

t r aBsoRl HAGH de@ndrbchnnects $eaicvontgend whthe semisongucter BRRog to the
patternf| el PRdYoR, dt bi I t and
S G, Oy ik sharaat ot s
undescnt bidge ierognéare eBF"eHg@d%‘F\étn%rH? 4refis é’f"’lﬁ‘l i W]e

Pr Bk éléméﬂtée@&hdlﬁﬁﬁ?&ﬁaﬁem prlmmbfecn'ernlwndld‘lnrmlbbta'l and mother
systematically variab d d
PR oS A Vs SHECR R sp A, S Smbbdrint ﬂg‘tv"’?"a o
f r agfidgeselerhent haveaverge widthsiihat are H@PUbi' fareueOtimast %33 than the
have an aV%E acg d Bie%%hﬁ:%ﬁ&@tJr HEEOrL Mead aB&iiraént abefirst and
100 HHARSHWEE, ﬁ} \(Ijﬂn % cron a o

{ hi skoapdrided doTEM HPEATH ?%‘"?%h%fé’ I B p 2pout 188 % of the cross

nan %Hﬁfoﬁélsaréﬁ o@@x@ kst ercDAHY sacordomels anshegiivelyy efrtbgerintable
gt

| | t f
t gnggwfaﬁ AR °8r gﬁé pt%?er{t ﬁ{\}gﬁtlog mcﬁ%@%wﬂ%ﬁm@ﬂ@ﬁzﬁ&%ﬂrﬁa and-

phy skéad beidgeelshentshaved sphtig) gor@“gurailcpféprg}ﬂmabtg néptgtﬁlé(ﬂfaach other.
are defined relative to the Eh ysi cal di mensi ons

pri me3pl dn treqmeseotioee e thel ! sylfacg%ﬂfr%ig{agletssqcﬁ%&uc%r
ot hﬁaméﬂ?sf &tldlor B?@e%ﬁe@ﬁe%dmﬁf Eélﬁ.ﬁ@tionﬁmed lxeenhance registered transfer to
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achi eved, for exanple, using of a bridge el enent

havi ng an average width that is at least 2 tines

smal ler, and preferably for sone applications 10 tines

smaller than the average width of the printable

sem uct ar el enent - Y%

is ?L quqggcesﬁ%q: ?rar&ﬁﬁ%g& ngg{év rg{@&% én’ﬁ %E%gﬁé?ésqﬁ&ml for

pr i regiateree temafeciotudraddingdlydmphilic andmf hmgept@bl@mrpg torfagysurface

al sg tptﬁ? e\ s%?rﬁco\%ﬁé?or%iéﬂ{eﬁt fo%héﬁc@%aﬁ(ﬁn 88hd ddnBicEsurface of a
r

t hel racture an st transter of
or | FAsT Gevisem AR R GT B FSH o R RE RBF G diepriactng
t 0 surfagesdt trarmff@cres@awammaabwmmmﬁ:md\(mng theurbetiviragt srface) with

L 938 et @08 HRAG (¥Rl 1 gm& e 8 HREH may irdd Ui

Ses a prin
se ma&sembﬂa@ tr@nolayetmb?ﬁf rast ‘éﬁ*muﬁﬁy Byidge H;ft fﬁcea\ffwrface to the printable

pri él&héﬂt@ Inla@ @b Mélneﬁtxlinawba&e 568 Biyfates Ry fdima rhétalfd welded
end and a se¢ A first bridge el ement connects

thebcfnfjr”??" %9?56%? Qh"éa #9 ¥%e'dB%%e sem conductor ribbon to
‘ : 22[0 Hﬁt%@%?%‘gl@@ d ggt r SSHiGnS onI[lé gr% rbkﬁgﬁ%ﬁ n’%ﬁrﬂg Eblidated

conducto
ot frren a wafeerange@jmmmSl &dseﬁlmxew $on maksirials Ser ek iening eripieble

ri b&‘ﬂﬁconﬁb&tﬁe@ﬁén‘?ﬁﬁd@de@éﬁﬁon&%r m&?&%&ﬂ’céﬁr Indlgﬂ’ ing bulk

el ement are entirely undercut struct i
enbesaigAsAyctoryaiers sychyas sidlefiystaling ﬂ?" W%f%féoi??érf"w‘ia&a%ﬂ icon
el ewarsis, gdi’lhbllﬂtualwa%rﬁelmaaﬁm demaiconduciobiyefersasudh aptihie thin silicon

waf er. co

an & %x&ﬁ%d ?Sm?o elégsglérﬁ%lg E}ﬁagﬁ' Nsthf Ud;tr%»% @lafaets;hnd wafers
av ewithelagted shatial ﬁiatﬂbuitoes alisiopenty (qem%glmtor@o insuilgios welggsssuch as
t haé’ﬁlcbn ‘é‘on n‘@ME{oﬁ&E‘g \8‘[-§fd2 Sl@ei BRd fenhiednalbtier shestibaeneiwgeBIsuch as

el cHle on ByEveRavmers Loteanof kvt (i BRADE pdfpdtcior
100e18madts dittke presss inverdioh ey de fahrieated Gémishraps pwwse&ﬂdgh quatity

and, s, %bgg&%%%?m%c{?@&&&%étyr%l@’that% ke feR v rioRt s%h“u%nductor device

sem'c resent _invention incl ‘#‘é
o TSGeaTBINg Ysing eapRon! rEhogn wlitiphPripiaplg gamiPatHSHY glements
havg g ;ﬁ'@ﬁatnt iﬂ{lerﬁiﬁlﬁl f'riag vé ﬁbh@zﬁedﬁ’r@ﬁ vafiety of ronwafesdcaitcet csuch as a

2)6(1;: il Lﬂt‘] s of ame gs &D!yn %t%lf%«%%n%ss e Cr%ls\(% @%ndu%{%?matenais (e.g.
anddotycrystallidg ellieineamorphonsysiliven, ooty stalling FarspdemarHgHE BaAs)

r egh, 1§&§ﬁésuiéd%ﬁ5§ ﬁcnﬁc%l pa@el%rfsﬁ@éﬂ%feqé gdsiw &%;og Hﬁdh@‘éequently
an elastoneric st . Functiognaliza d!rsﬁ ISH ge Lod

F oranneas. eri pler bR TR IR Ty fses
andftRer taksiophebi chalgsgEnass, tand tytiduns biarfuarceopperfoxidee

printabl e sem conductor elenent to enhance bonding to
the contact surface of a transfer device. An

al gﬁéégat En %‘éﬁg}laﬁi tr%f?s?ér%@@lf@% théprte rft R3EniBR %orﬁﬁns@? b @nQfansfer

ntacti aces e Ssur aces on
pr i sianalh |secheRseaeriasionsis tepsiesiame ar@&&wowerfﬁméf&f $iaop)2

W t&nfoﬁﬁ&lﬂé ﬁanslfé?r@bﬂéﬂ Sgh bhlta cﬁﬁfbrnhdbl@ di@forhaicatdnth, afdwaski-layer
eat e ass

hekarnie vicah pben 7y et CBRieegE SR TP g PG ARARE b as

t heelgutonmdriaistaenp, atearsefut for cdntechgifiting processingneen aa diyytransfer

bar &80 HinfitY. [ BS5TFeriBYicdsYr MetbrERhahldrfioN & Bfonally conformable.
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bond upon contact (e.g., via cold welding) [038]
Printabl e sem conductor elenents of the present
invention may be fabricated froma w de range of
materl als. Useful precursor materials for fabricating

sem
Fﬁﬁ E%\{EC@F I'}?Hﬁé E{egcgrlstﬁr?ﬁc tdé;ﬂfale ltl'gﬁslf?(r devices comprising a
s emlwﬁmwwmemym 8s dersiibesln Hith EF@“E/?%?%PP PRgal No.
si l44¢QB, gb‘\@feﬁﬁt&-d “@&h%{ f it¥ Phifdrhihg DedbdsiferBoft Ladgesshy’, filed with the

0 R alon o Feom g ApaE p SR ANEh Rl FEApae by
vvafrerefbnsemhs astirétyl y\p exmplawpymmnm)g@@pe\mﬁ@mgmémﬁjﬂethods of the
(s éi’n? : gfnl?éwe‘iip kﬁ)%&:da ?Jﬁ?ﬁérﬂ\xﬁfjﬁ@%'a%\k Neliy' Q@Io&iﬁ@aélicﬁ as a

fers such si |
i nmlyammthxs@ioganes(PDM@zayes.p@sra lmsg'aﬁ?%'ﬁ%rl?e% ?WW
su Qﬁr&ﬁréésesé&fe%rf&nﬁtﬁs Par@é of Stidut € Mitrato abbg ti 0@ ieranaf &iss of a low

and sjilicon o ins Furth

se rﬂ'\(&dblhla BE‘@’@F a)ée]r a':};éeﬁlﬁgclad ]be(f%lge 1‘? oglgcr%&lt @%n%%é ﬁewces ca ab!e of

be e‘saalbushc@tgedd sanGmsbeoafzet with Q!'ﬁl% mrqﬂr@ﬁﬁb!ﬁﬁ@mlqoydu%}f
%é?r?e%?&sg %%%9%&8%@%!%&f0¥ abfmehtb Abvidd urtedf fough/ @t

f romsem uc

devi ce rocessi usi ng., .. ..
c orfmeath afaer contquRsbaxPossy sana‘gq:qs, %ﬂq caﬂgql%fnJae&?a&hshmg good conformal

S € NioR@ BB s0pshatcaiiiziatss havkhg bivtdgrangeoftsuifaveemirpleingiesysuch as
be f abr i cat

f , h
22 SRR R ! O S =, 0
poI %(ﬁyg{%ﬁ:‘tr@ents‘?%nﬁ&pg%fi-:@l[udé"s'arﬁ&ﬁdﬁlt:%néf@mgg including high

I con annrp ous Sil

pol pregisjast ragiptenieansiensf awﬁatﬁwrwmgct@a%g?enti fo4 trgngfer device,
denggh hesh élé‘st@nérﬁ:cd‘térﬁp Shatbr rhéfh@cl‘s I asseibtitg aidéor (rdegyating

SiN t

b Iu| R('%?PVSSFQ?CQ" c}% |e meﬂ{éeﬂ%ﬁ%‘ ngr]lff\@?ﬁr@,: S ?n @E@er&g g’s%émbly and/or
gr apirtiion, MoSeeking substiater Anvagvantageot thegriafing methods and

ch aéoﬁwggﬁ{ung BPthe g Nttlﬁ\fehftﬁn P ﬁ{a‘c wﬁeﬁﬁ P Bint&bié signicdraddrs

er devi ce ent. i nvention

e
C orqj@mqéssmay l@ﬁtyaqsfegﬁg Aaq as%ﬁ:ﬂ O"E’lf{;'ﬁ tg %Jﬁfaces il & manner
ASTE SR @btcfearsﬁém ofidnétipns & semitpodictoe elemants fwbich defing the

St ar%?% g Pl‘é%gﬁ) %@%ﬁﬁ%ﬁm&én@&%&ﬁﬁn ﬁjseﬁc?rﬁbﬁ\aﬁ)lr' B%Beﬁéial%r applications
t r awefain a glulives pdntatie a@;mgomayptp; lefpeits @'Iezi%t%rﬁﬂté? inawell defined

st gﬁmmoﬁ@ eﬁﬂ%l@ﬁve@ﬁﬁﬁa@@ﬁenta‘il@ﬁ&wﬂﬁh ail‘éctlyed:cﬁékmm & selected device

su ngn@.l?%gg; lé? gréﬁl';(soﬁ gg\.rlcqg(gzﬁ %?tlo% : %gr le’lJfl g e,%%}h@& of the present
deVih@dgorOdre Chableras srandferring @nsnmmm asganikying, prinable
g?géegﬂc{cr:%guc%r fe?ne-rq{s?ﬁﬁ{o? énrqué ﬁ!ﬁ?lloHéﬁifeViEeJ iREILdIME but not limited to,

nven rans eV|ces conpri si ng
a tpineistars, egticaliwayegujdas, micalackomechiaicSYBedSi n U. S,
Pat ebeiAfidhicsiénicalsySRisalasdWatioded, b fullipfofiadd cirnlts. t | ed
"Conposite Patterning Devices for Soft Lithography',
filpgdw tre ﬂr@eﬁént Moéisssﬁ@h@ﬂtodaanﬁ donapebsition kre@pblloaeie(bmbulk semi-

r e; rlgiletglrz{ee’gene% " Fgg@% tP 8@0&%%{%’#&&1&8{? alfgffcﬁga&grg&é( the present

devinethodss exiositions dridestnyettieatizy tz@qupﬁ with paregfageous materials, such
I nv (?cf'@"é RS, ShdSthf THbrdd yRérialPaich Bs MidaOW
You%gﬂr%gu ‘b such as an‘@%m y(di net hyl si | oxane)

(PDVS) | ayer, pref erably for s@ge applications having
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t hi ckness selected fromthe range of about 1 mcron to
about 100 m crons. Use of a | ow nodulus polyner |ayer

i s beneficial because it provides transfer devices
capabl e of establishing good conformal contact with

on nopr e [ nt.abl.e sem conductor el ement .
a8, [ Biere Cpb e s® BRI Poro o8 At dod efyppggorne =
c urpriathblersemdgonducton elemestio atttansfatidayice comprisinudbe sigpoeie()

SUr f86&itg ?ﬂﬂasu éo%deétmes‘iﬁ.amé c%mpngngggsﬁhtmwﬁ.aahuaor

cont act strate surfaces havin (? ?
surdeentAsH shigry gne bridae Alamens cornngrtod e h Lr&'rP S $qmy Brador
S nosiubtu b @bnroRt wa& adtteywsier, atherdrithé adreésble f@ém&}ndﬂ'd:ter

PL% egrgctenﬁ c#fa‘nn n(?%r doﬂeﬁ'g %Qﬁé?tg‘éh@@%dycﬁﬂﬁ%fﬁmé dher wafer;
pr i (i cawmaetmgém wﬁabimewcoeﬂmmeﬂ%n%ww 2 ranefar devigrhaving

SU%%%% Rta&), ﬂﬁé@%&h@cﬁfemn ti ikt SIhE0sR tRE rmtable
asse |

n or -inte rintahl e sem
el SYPHIROAC 9%%818{5@%@%“8%%%@% S seéeé?eéﬁ% *E% 8?Pf5?fy
andiueface; it @i matin@the tansfar dev@eliiva mgnsarbssuitiag & thé\fiacture the
ad [
£ DS empheh Worlly B bR ERTRAS Ll A8 8 the
se@@bﬁd‘(@&r&@e transderalgyise-nay be transferr ed and
assenbl ed onto substrate surfaces in a man
pr da4Hvi R §gne @WM@W@B%PW&?M@}VF’%W&(‘?V&% admpethod for assembiling a

se rﬁr.ﬁearéeeﬁmn@dcweemenml Llecelghd nefatéef a adstrate iomdrizing the

as %g I? éa E’lPBIdIR%g E;Fr%lbl ¥r%i%5n%to'r éte%ﬁtt 5Mtﬂ{as%’one bfrldge

be |ca i ons
pr |alﬂraﬂ:nt eormeﬁed:’@ndmmmablﬁl S@m*mﬂéucél?r"ét"#fﬁl!fﬁ ﬁ@%?@’tﬂ'eﬁﬁd to a mother

velyargtelihdE sail Bﬁnt’éﬁlé’éﬁnl%\'ﬁiubﬁl Ab¥R aﬁ@ ﬁéld Bhdge element(s) are at
orientatij ons irectl ‘

| g CO%r e?@ :n salg rfn?:gb[e
denaeépaf&%mmfnaﬁawn% & 4Ty O % g said p
C orsbinipondicton siemeiitrveiihsf teansfer dericeriyavimg alvodtactelirfadegwherein contact

pr eb%?ﬂ%%n s!alg\églﬂ%ﬁt Qﬁlrfa%é %P& @Q&Ehmaﬂé %lﬂi@&'ﬁfu%[: élQagent binds said

I onin rintab sem COﬂ uct or
ol avicieble san@pmucfgr SlpInaB @ S3iE FRHIAG RUT2cB k) FBWNg Said iransfer device

I NG HGHaﬂﬁler r&dfting ﬁ)ltthé frﬁ@t!ﬁr@@a?ﬁ(bndgé slamentsh, AistebyGfinsfeming said
roel.,ec anl c

o ROUFLE BP BiRRHERT Tk B8 HR8 rfebler PR Bl trapster g,
f ortmeebydoming et oopmnqur@bmhqwr@sam prptsbb@emmgdumr n@ﬁ@nt

andyH0 ? @gﬁér&&@gxg%ﬁta% sbﬂ%@rh%bfe%el%&okd&%fenﬁﬁ{ cﬁéposed on said

mat e in addition to sem conduct ] n% c?&h
ex &ARE suEdre Wih said fgceivingrvEace Of@EHﬁBESft e AR aeparatlng said
st rctdﬁtbbtrs@rfé&)bf bed gar@shmablie raasfebduvize @aad saidpfireabi@b@miconductor

S UC eg? gvgl atglgon'% ag ggsr %@c g%?r%?e%e% Q?ﬂ’arﬁ%f& d&{ oqﬁ‘c% said
t h eeqewes}@n[faqentheneby @Wembmg mp@ta:hlﬁ segticapfluctor element on said

tr a0hRly'suitsbes shlf bilsBhiee Ssem conductor el ement to a
transfer device conprising the steps of: (i)

provi di\n%ng dbofitr2i, @hes Sf@s@tﬂﬂﬁl\lﬁ&]ﬁ@{ peVides tUh&hod for fabricating a

1
Bk Aot et S Re. b St TPy RDS afbon warer
s e iadng d Y €110 prierddtion Gnd rhewagl an catenet seticen(2a gensrdting a plurality of

Vvaft'se'ecrca'ssewgtﬁjeg oh Qgidpé)&e%eﬁghﬁa&e@ s%m%ﬁ Wafer, wherein each of said
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el ement and the bridge elenent(s) are at |east
partially undercut fromthe nother wafer; (ii)
contacting the printable sem conductor elenment with a
transfer device having a contact surface, wherein

CO%@é“s&ecpréarrﬁ@snfankﬁ.s&oat&%m%w& sn@eﬂetsnﬁadéeldrteams%d silicon

sem conduct or ment bi nds (ﬁ#t‘l nt ab
sefA&ho B1sfingatdansia PRrEen 9isaid sidesutraces ef— ?aé%@ce%%ﬁ?rfeamfes and
_( | l(rr) efthivy ngetmdrea §d‘cﬂméd°e€§eddmatw@s | wheteliething o&@aits Blbhg <110>

|re |ofn£ g %rﬁ s:hc n v%)af%dQﬁerStla qubq zgt szgrg eﬂrﬁ Ie semrconductor

trans ervi n 1 e gem conduc st'ruc
f r lgnndnd nDther mafer to the transfer devrce [043]
I'n one enbodinent, the present invention provides a

thod f i t
T O ae e PR B SRR
cornfpd] siFig. 1Awovidgdsepsshahatic(drdssprediondieagliagram ilinstedtiihg@exemplary
S e Wléﬁ‘?&g &e {hg E@W@Lﬁonngﬂg\&nr# pﬁ@?a%ie%ﬁ‘n&ﬁb elements
pri e

| enent” conn cte sal sem conduct or
st [campiising dhbancef singlercastallige siligasn Frm a byl piléigon \Mﬂﬁ%’r’r@wng a(111)

saipfefbfiont ¥Hy.q Bqﬁmc@@ aqruﬁtd@rgraﬁh SdTER forNglosakilg biepsl gehe
el ene under cut, f.rom

rmtpﬁeé;P“’R/{B%tE?JS%?ﬁ qeyer@lﬁwtpgg q%[?tgsleg'llél d!fﬁtq ﬁ[‘%ﬁ"@ from bu?k sﬂrcon
semafgnduct or el enent with a transfer device having a
contact surface, wherein contact between said contact
suil948d e Figure d&indovides atcsiss sediond! visworghevaticdireqessing dagray

S alugstrarqb rérﬁbét@n %moaywﬂérﬁmﬁe gh@mbeg & r&%b%&@&ﬂn@g tire
ace,;

é tg"i’@f‘l‘g transfer VI ce t |
A, B0t e THBRe. JIPRPCICCAPYATSh A g oot view
el enimmdtrs)arocbmmmgram desfaing fabgcaﬂian ohethpds vavarkih ¢he side surfaces
ser&%? tfe%iuré?sta[rgﬁé] &S&r g@l d not her wafer to said

re

trans ev ce rmng said contact surface

lﬂtﬁg ﬁ?lﬂ'eﬂﬁ VRl 8n ﬁ%&e%%@%@ﬁ’eaﬂr@%@ 11Q)W%Qrench

nt act ng sal d pri nt abl e Sem conduct or
eI éﬁ@’ﬁt"aél%mé?aedo\ﬁt@ﬁﬁ e %‘gﬁ?%r@ﬁn'g% r fRgdeCsRRedhfealyjeg shown in
r eF@u\ﬁ TRwerddefred b9 ibhasi shifgtHesdlithagi@phya rete] 1if-off and reactive ion

§ ?—.tg_'r ) gseguenggé}no%g dof?l%’tg! %chlng)efsgseig%ecﬁpgr? r&@sbe;neimage of

eI egvepsed femrreelnrﬁ! $Hit blhqyrrrgrﬁ teayice cg@ﬁﬂ@b@m@mteder@rﬁeqﬁsurface
I sdinmpsferred onto said receiving surface, thereby
assenbling said printable sem conductor el enent on

sajghz; r eﬁi@a rzr\ragcr QBrpf'cﬁrﬁ:fé seherfidticdos pIBS VieR bR grant di’ﬁﬁntab[e
od) ne nt i nventi n%gr ovj des a

 opmaTger iR G e G Bkl @R oonductor
cowlprriesi arg tvb bridgeefrmnenfs. Bridye plementdiargpasitiondd diga toedabrother
h a}H tH9sth l%f’ Shovii: ? Er@tﬁAo Qn@%g@ %\Qn%tsad?e S&ét%h@@broxrma! to

surface; enera urality of recessed

f egGyRRerdh hgéfﬁéFt‘Lf%WPdP %HFE\‘%E’Ce of said sili con

waf er. wherein each_of said 19 atur

e lAE] o Elbtson, o fa 2R RioviR anages o PRHES Sl eRlsdonBaing a printable
ex parsieshdsicior slementtad mothef B3fermaski ng at | east a portion

of said side surfaces of said recessed features; and

( 4)0401 clFing. LapSoeentisiludratierefdseprotastfonfagicatiigdrapsistors, diodes

et G Beic QRGHE Sn BaQRUshd HRster printed GaAs wires integrated with ohmic
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directions of said silicon wafer, thereby fabricating
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t hei n GO -
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V versus ground (GND). The logic “0” and “1” input signals of the NOR and NAND gates
were driven by -5 and 2 V, respectively. The logic “0" and “1" outputs of the NOR gate
are 1.58—1 67 V and 4.1V, respectively. The logic “0” and “1” outputs of the NAND gate
are 2.90 V and 4.83-4.98 V, respectively.
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gat es \/ ver sus
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respectivel The t
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formed with ten aligned GaAs wires. (b) Current
voltage (i.e., IDs versus Vos) curves of a transistor
shown in (a). Fromtop to bottom the Vcs decreases
fromO0.5 to -3 OVat a step of 0.5 V. The inset
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houses TFTs made fromtransferred silicon ribbons.
[059] FIG 13: Electrical characterization of a
single-crystalline silicon bottomgate transistor on
a PET/1TO substrate; L 1 00 um W100 um Ii near

moh i ty..36Q cnRV"1s {i bil it

b Figo® it parocpe L B AR g aphepigor the present
s hamientipn-fd0@8kingomititiayer aaays®f piintable mt:ondugowiwrttﬁ a
device. (b) current-voltage (1-V) characteristics.
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pr egpiibw teip@fture,buc whiph hsea ampneqmbta dietich apoduntivity at a-
PZ‘%QQS%%U s d%s%ﬂ% If’erl\grQ P rtﬁg ﬁr&’&% ade0ReS 1 RE of e #rm

nmpenent or structure
s u clemégonduictnp isduierdedde P%ly@]swtqufz \gqﬂbltqerqf fhis tggppin the art of

itloed&ronkd Qh& LIgEiAtal 86Vide6 08EM léblﬁfu cﬁtsf usefutiih ehepregany invention

t
B2 e Y

C orgakipsgnd seiicohduvidns, eustess growdi{eoopowidesminogdupilg gich as SIiC
het S QRENGRS 10 BLARBAUEIR oth BIRBbLSAIAS [ 4 P, BN, @580, Gas,

nsion' refers to the dlnen3|o

cr d3aN. $&bi In§b, lods. inhb@nd NP, goyp E'é mm?o gpctors aﬁoys such as
”Ht;;%;aams, Q@ﬁ»vsgé}ﬁib@wabtomsnaﬂasm Cus) Griie, dr@itanSe, ZnS,

h
}::)r : ; %ﬁﬁ?% Qg%lﬁ]qé)gﬁgml%) gerré@t %rm#gfv e‘?flasgﬁhc%ng%ctors such as
shaiss, BbEe arivcfingc tage!] szeeumbyu@m surHER P&hd\"?%ﬁf@rciﬁ%e oxide

S€ Csteh'ﬁ)c% AlucthrdBIRA 128 @S0 arld fttugb n?ﬁ@teﬂfﬁ‘ derWo&tchctoFiaéludes intrinisic

exanpl e, printable sem con or. ele
eyl ST or A B e SEREPALPIER DR Lyore A SR Onflgpe selected
t hemge@ss m%ledhg eeraicordiunenisaving P-tdpaadmirenna(tgiaﬁaeandaﬁyp%ﬂgpmg

;SSJE? §,ﬁ'5 ffz'é]'de %%Pﬁg ’1&1 %@Cﬁ]@\llp}@ Qs Rl fdr% ofven application or

con atlon refers to .an
or i denicat Tfmiemﬁqmlmi‘dtiCtﬂﬁecflldﬁﬁgpftna?ﬁ‘fﬁ glatesigls cogiprising a mixture of

PO RuglAdoh @ik tdpd arﬂ!&%ﬂérﬁs Spieiic a@ntbdiddﬂbtahhﬁenals useful for in some
sem conduct

te t
P RPIRBION 5! o PR RiPHFT e Pty W ARG S 6eoic, e
of AlRs,StefEaN| Gamreaﬁsu@aslamf ektAspr%n 407, E1As; Sk, ZnO, ZnSe
sel %ggdf)&ige Oca8, cdde é&‘f@HanPrm iFRisB, Hifre, , AlGaks,

dedf ee parallel orie

an a el
pr e%ibla‘\awlyp,\/ﬁﬁﬁpnea@%-e%ﬁ'%%s“ %@Aséﬁ ’é’@é@ﬂ?f& §alﬁé? al TEpus
ori s‘ﬂﬁb@&én@]eﬁbnda&oﬂrﬂ&&}als—r e ukerulrTr applicatiortsl ot theamebent invention in the

"benda
d egﬂg}q fgﬁ?f&ﬂfséﬁ'a lllgl'gfeav lir!]ggrrﬂ%ﬁ ééd% gﬁfl‘l %]s, Ihnfenmﬁiﬁéﬁﬂﬁes L EDs) and
St readid stete Iasdsvnruwrd;es dmnwng@tqmmﬂalsta@e atoms, elements, lons
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be defornmed into a curved shape w thout undergoing a
transformation that introduces significant strain,

such as strain characterizing the failure point of a
naterlal structure, device or device conponent In

o Rl RS B B o B AR B T Bl s oo
| ntmomdemommpéudmmmnal Impuintied e utgesrtabl&mﬁtqer@bgmsent in

nﬁéo AU ms{t&Mh rﬁay/aedgf.\%ﬁﬁﬁ.e@&tyhefé?éctraamopemes of
p |cat|ons

er than or e t o about
mr@mﬂwgwite achRgiudg by g%fﬂ* Hﬁ%edﬁ%P@@F" t°ﬁ%" %\dmetals
equadudity Whﬁf&lsﬁ Héavy €@ Jmpﬁﬁr@smﬂl:md_u Hubare noeifngited id, the group
an ter that is . . r
Y gn‘ﬁ ngpisaqegmﬁe{l ﬂ%o or %{lt:g@éc? G ﬁﬁte p%ﬁf?&é%faﬁlg,gd’égédaﬁ QL}@HSIR, and all
apporm: raetbbcemé$ ensVaricomplexssritiereet vi t y at a tenperatures
of about 300 Kelvin. In the present descri Et i on, use

of IPRA t 'Gaed eleeimnicrriigtnasnce’ ad;“Agk perdumenpelare used synonymously
cong Hﬁsﬁﬁéﬁen%és&ﬂﬁ&@a&f reteh 'tcﬁdévﬁkghhmdévh;@ cBiporhts have electronic
m croel ectronic

SerfraBRREIoa ot eEfH ST TR OB Rans apd onimyrretos
connmw@ngehenemﬂmsﬂmmﬁmnﬁdma&e@ﬁm$@§mna§wmﬁwgﬁmdbrampmmmmn
ger%@mgwgﬂr qab?a' &%ﬂdu %Ien%?lfgﬁ?‘tﬂ?edprés%m tﬁ%ﬂ&%)@lfb?tmg good
suc roup |V conp sem conduct or s such

i C
andlesirapic pam‘%mam% mahave mf%r?d%‘@t%fﬁ%f "é%&'ﬁesaggeﬂgéha" or equal
Al ADp o2V, A RefeBiNly féiﬁb'ﬁbme dppiations@addter@adn, or euBhl to BbdAs 300 cm?
IalnlN o;/%aﬂ %Q]Elgg%aﬁ%‘ B olf the Ki sreﬂﬁﬁyenﬁ(ﬁf&@ﬁ)ﬁ% SB&:{ Slectronic

se medomhmse (i) 213 he\cecdwevas figd giect w@"’ﬂwt tan or equabie about 100

ZNJm PadelaphlidatioyBre RBAHET OF SquaHiElabo@ 300 pm? V-
|V V| sem concf%%ors Sp}J‘é % Teéqand Sn

| ayer aRLRPTEARIEIEDY fL Seme Aoblic Ao Sresiop 37 G AaL@4bout 300 o V-
oxilde. E&emple@nﬂusittomaf thephesast ifeBtiemekhBilidg godthaedtonic

S CIHGRRMNGL By hAfE! HAERIA AGEESLSs nGPHIGEPSUHS AR GH\oft ratios

extrinsi c Sentcon uc ors t are dope one or
norgseatenteart aheut tal@ri al s, i ncl udi ng sem conduct or

havi ng p-type doping materials and n-type do

matl@f§lal ‘BlEsie) refers i iy WBREHS ¥ing IUf%'N@ﬁWf@é‘i'af%fabgfe@mbg@’°" of

us eﬁaiéna‘ssnmata:ag b @fdldep Pt siepbi,aeneally wiean Heated Tdnel Haedenred into a

ctor_i i Ll ]
S RS AL EFIRAG Bp BHSE AU RADE] B e
S enm\@omjumiude huttaea nod limitedstef pplymess, rewsg;nﬁ@e]!ulose derivatives. In
ap Qll\é Gratdr Gésc%tloh h§e %rﬁ%ﬁc is M Eritet @inkingd (l;Uﬁﬁ)osﬁéﬁlas’ilbe

not limted

mat%con@gﬂg orpen(p mqrﬁ stlc&ygtg ong ﬂﬁnofleﬁ%?vqs %hl as structural
ZN@nhasss, fillerd) Fissrs, ihSticifetkSatabilinge pr Zhffees WiiS) méylBeyide desired
T FbTe, Al GaAs, Al lnAs, AlnP,
gn@%ir E@ﬁmeﬁ?&%ﬁ Al GaAsSh, Al Gal nP, and @Gl nAsP.
Poggi@@at Elasfofiid aﬁmtgsggwf%% ma@hﬁwh@h%aﬁb@sﬁ@fafeu:oaﬁ%med

I ons O sént 1 nvention in f
semsd refuraiel s orighel e withyt rersiantigrermangaifelpmeptiopy dlastomers
e mcbﬁ'll*rl&:ﬁlydﬂn@éiﬁ@ sibstRsally @ﬁi@tlc SsibrnthtiotsattRemag ctastomers useful in

le rpél—llljél?{:e%eﬁ |n8ﬂ*glo§ glagz( %grgigr?steoéolyrgetzrg,réogéhsrmgs ecoﬁ\tpge.r‘qse materials or
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and/ or nol ecul es other than the sem conduct or

material (s) thensel ves or any dopants provided to the
sem conductor material. Inpurities are undesirable

mat eri als pr esent in sem conductor materials which
may ne ctrical

Ly
o TR POV B PR es T el i ¢S comerising
| i riedsédne eiaﬂwgte rElasmdmaayeammOahguda dnphatsl antotherey-

netéfés‘%cgn @e(af%ﬁsﬁ’é %Iaétdﬁ%’% uéénﬁﬁuhas}aggﬁ vaHﬁon%a“i/ iftRide, but are

ou el enent bet ween copper d
| edtpt Bm'tqdﬁa fb@moe'aﬁf& qlasimers, éE{rﬁr&Iﬁ?teg%Plﬁfﬁ"' ef&l‘% polyolefin,
| oNsly uﬁ‘éﬂﬁm@lﬂmﬁioﬁaﬂi’c@rasﬁﬁ% ﬁmm[ﬂéxgsmrﬁetrc[n%zr]s Praasd

i v@%@ﬁ&}%@&&lmmﬂ%mf R Sree BHHERL S IRAE oy thfiancs.
r efpsiychlorogesni carsl siiinehede Elaglomesroridmelssitrasts stdnestuseli ig the

chajrachenbdbics, such as field effect nobilities,
threshol d voltages and on - off ratios, providing a

degbsqd fritnelcr 8\ide! tefars BLECReVRS ofHEhdd &Jﬁip@n@ﬂ gét%lbie of receiving

S erAaH HRCETS € SR C" B BPPREHE PR DL e foriconductor

ex reldmerits) T rgpeedet deebesatsefuhin thepmedent Iﬂlﬂlﬁ’dlen ingledér erformable transfer
' ntcfebn@éé 88‘”’1‘%&\;} {ltno%: Eoﬂigbp \Lrl’atc% éapQBl@%s‘ EtatlityARy Qnformal contact
equal e ra for sone

apmlﬁh@éﬁmqsrﬁﬁsureﬁ@atnéﬁraﬂﬁ%rnT'aﬁpré metheds B fompsgtivnssre
A Jpa&rc&tarlﬁxarmhtaa Jor Usedin Sbrfeetich viifh & fRehsfar @&edetcomprising an

o ”&ogn%%s S ealogh L B SRR RE Sy Chan or
1
€q gﬁé (!a t %ﬁg g“ea ers ﬁ:r% a\fea sﬁch asotr\cggl%'é%kﬁg %o@%f&g%@lﬁe of a

grea an or bout
s Bubgiiate yAsH éorme@ﬁ@feamayorf @reaé%ﬁ@na@wﬁw%wh?ﬁ&%ﬁ%wéﬁches
than or equal to about 800 cnP V- '
t r dPRRl st Qﬁﬁ%ﬁe!@ fifechmakilipirefers/fa fhe fisie %‘ﬁag? fB?lt"if\h@f FSlgtrical

el Q@&:E@ Ruéh aPSfrkrbisiHr) wecoipiitel aviag bhtpesduatat dati doagsnding to

3@ a% g&out 5 volts and/or on - off ratios
gr Ft YRR VIBout 1 x 104. [078] "Plastic" refers to

ANY o BB hb R boRAk Ul o BifEH LblaBNERbaYbE subfaces, coated

I on can

s hapeares Feder sifageqhaingraaieials de&ﬁaf%éh%%um?ww e useful for
de gizh&rrifig) %@@emiﬁiﬁ@ @é@ﬁbﬁﬁ@ndﬁt&@ﬁtlwahreb suich @s printable

evl ces ent |nvent|o C
b erandistor FRiefeton s sltsfaBisiER. ok EPhboAoldhfig e
derivelxes @ emcrobeopid duaplafigedione de@QIIGI qontaoirsurfam of g conformable
p| %Eéf&r devick M) BB A6 al Shabl 6f 4€BsFRERATdeBr BledBlihide of an object

materials conprising oné or nore plastics with one
o SBChRFch ["?'\‘i%&e SQj’l’JﬁQﬁ‘dE@O"ﬁ'W ulpanothgﬁmﬁge?chformal Contact
fi lidveies a fiiddedcopic Eﬂmétbﬁ bZ&TeSor nittr@borithct eurtaces of a conformable

Sﬂgrlgfl%%rledse&:ém% %og%] ﬁ@? b%qﬂa?ea%ﬁé gl?rglpﬁ'@% gt%ét vﬁ% ogt voids. The
po ltarmesonformal tcemtaetlis Wen@ed to bn corsistent mith keelofdhis thehdy e @rt of soft
an qthB&IaHﬁW éd?ifdrﬁ‘él Qhiagt rﬂé’;} b aRsHYatHaRkEen %H@ ot lﬁ%'b@fe contact
per manent deformation. Elastoners rgo
suls4fashs PR ?%Ff%méglﬁ fransferdsying AR §”bsﬁﬁi§rﬁdl’%‘?y Altem tively,

el asiforel cortst frial bb BstablisRedDietwent onierr ettiré aratedayntact surfaces, for
conprise, polyners, copolyners, conposite materials or
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27 m xtures of polynmers and copol yners. El astoneric

| ayer refers to a |l ayer conprising at |east one

el astonmer. Elastoneric layers may al so include dopants
and other non- elastonmeric materials. Elastoners

e SRS AT Bl LSl B smer

mat égvicalcempartenf, @nd/or davice degtisiied theleym|of Biconformabie transfer device
ol

g y ngrhg Ele %Jgglpeﬁr U%EMCQD g@é&lv@l eéoﬁl%ﬁ'l‘mg&ﬁact ARl REsB8fshed between

pol Qresners basper C%Wfay?%ﬁéﬁaé@f 2 gerierEIRbleyaprfey device and a

pol ¥ipsRitd Qur]'f%fée cod6d Witk ﬂfaEéIﬁél%ﬂ& S8lirgrisfdrena@i, solid photoresist
El a toners de eln?%hmr %%‘at anps useful in the

pr e§EHtP ﬁ%’g Vew device" refers to a

dev] ol.,devi ce on C |

an dl;tﬁgt?j ; g’llacgg\{aptn cc nBy I %er% rtﬂ 78 %Q‘ t? OPIa trﬁlfsq@r nYétM or device to
suchenster ppiinfakie b@n@ehﬁwma@cﬂﬂﬁtebleép@weﬂ@@forﬁem@g\‘ fora selected

devpdgfian, Lé'ﬁﬁér%iaﬂu}é bR ﬂbrs@&%ftotﬂeﬂﬂ\z(@.rﬂe' Rhpohéiisldeeh as electrodes,
conf or mabl e transfer Vi ces,

ConPEFE. F SPRUSR EEIEBIoE Soob e AUTCE] SR PG Pocurecy
coniefeed to nvdttidds ehe devites capaby of engfertinga pfigtable Tlement to a selected
pr e O%ngn [@4&0? s r%ﬁ%r SAIRLG 'd&&l%ﬂﬁ%ﬁerﬁ B?Fe‘idtl%‘ oaef ée‘!’ected region

I'n _connéction trans
d evqaf@eremsug‘aeﬁgwﬁrﬁpaéﬂ seyizfiops frem é‘i%-’?ﬁ§°i9‘§é}f %ffewsmon less
C 0 nﬁé:@@ﬂeqﬂél' B 5O Aibréis) ﬁﬁ@préfgrablﬁf @34 thah loareg@t & Barhicrons for some

Sur ?D‘Qg‘@‘ilgqsa%d%&%@g‘\of’egé:rgfea@gge S tt%rne avﬁ%ael %‘? ﬁ'n?c?%n\étfg}%ome
gr egpipbicationeafhe mr@qmahvmt;oratm\(nesgi@wgmn@nping gptleast one printable
[ 08%%,%@?35&&4&@%% oBhi Ege(smémgwurgcy refers to the

ect nob an electrical device, such
S [sed) a"?ﬁeﬁt&(‘%feréié é}ﬂgﬁ%we&ﬁ’ h&% WBla SMERHY g%ttéﬁrrﬁ 6Mdlentkdtsd such

v ocgéﬂ?%fa}%tg% ngﬁgatgtel? semtgf)réq?.lgttog %grg%qﬁ é%{rarggeir EE? éﬁegawmg surface of

bet aaaetrater Gaskidelityoaieado transfdr at® seledetipaitersef efeamsats wherein
h avi!hg ?eﬁ% E&éltﬁ)lné e Bl@eﬁ'ﬁgtﬁﬁs SrRRvRRE MHh&ls g@’pr@a%n}éa et

rans , . organi zi n
| nt feajnpfgf ifefgxamplg ﬁhgmsp@gﬂ gﬁwg@n%pf ipdigey elements from their

3 eMZRDEHIR ‘tf@se@c@ﬂ%&@rﬁ aRless thatbertdgahiao SO haremetdrs) none
peC gl.yes a macroscopic

ad a‘ﬂf?%faib&gg%?ha&noé egya &r%? "c?g?ﬁéact surfaces of a
E@?é]na@ngerc ¢ %@éci'g ?or ? %ﬁl\é ot ]p(grﬂ 8&!@?0”]%&%% lthe%b@tgﬁm s‘aﬁac%s of an

at e sur ace 0O such
a pelémengsiugh g%mrﬁahlmmlmndmt@mﬁmem Ibidggh ?lﬁéfﬂf Oaéﬁféc%fe atleast

C ]9 fﬁa%‘aﬂ?het&érﬁa BF kot xSV RN ﬁﬁotﬁ’er BirGdt @6 CRh Gs AGRMer Wafen or bulk
0 one oOr _npre

f f bl. .
O omea GO E eh § BT e 1Bl SRSy o
i nt hokBihaeugaes atdn sleibntpsich e pdtgabld frenicareiunocaemerinmidge

¢ onélg}ﬁ nt '{Jﬁbdﬂmﬁe&qﬁﬂ tbi dgtgfffe‘a%hsc’}ngﬂ\ter 3 é'%ﬁcrfés 3 Rbfer wafer

I'thograp or ma

c omrdwlk madgfiab éJréigfqyb'ftr@m it Redaiafiner wif%f&e Hendng

CONdtRcitiresS Uhda6 @ StrGdturds fRPHE bﬁﬂﬂlyfbr fulp BE S R¥ted BY hiffhen BRictiure,

a substrate surface. Alternat
such as a mother water or bulk material ‘? tll'lat%eXr are detached from. Undercut

29



conformal contact may be established between one or
nore coated contact surfaces, for 28 exanple contact
surfaces having a transfer material, printable

sem conduct or el enment, device conmponent, and/or

ovraigures Ry be Stisbs e ale apdia beh P R oy s BBHe huch as 2
c onfaseroabthedntkaroatenayat berfaret atbei thareie beitqmssrrfac@sq g ap pxample,
tmr)gﬁ% E@%e%a @&?ﬁé’ 0/ n%@d&@r%fﬂg s sdlcbABEsHdRS V\ﬁel‘éﬁﬂfrﬂfd%b' e

_ strate Surface c ated a’;\
ra <eTGRNUSRE ISESTE S0FIAHETIP SloRIeRtsial ConBBipaio a wafor at énds

PhQJogkiefldoh sulfatis binethap Blel Bbttonh ByRites (eigyBed, FigshRAand 28B).
filmor fluid. [084] "Placenent accuracy" refers to

t hqoswi |1h the felfowtngtdeasriplien, nimilvosl secifid @etatseofities devices, device
transfer r| ng, abl e I Bﬂ:l%\'% d

< erﬁo&gﬂ%gst nd'me hods o{@l ?)%gﬂt eré\%Hﬁ a@és@cé@fﬂ llﬂon provide a

r eltaerongh etxg!anatlen pbtge presise optugs 9fdie *@@W!%fb 'E‘Bﬂﬁ@ﬁ@?ﬁf%’“ however,
SUGH t1id8e 6 SR il RE 8 that He ifvRhAIH 360 bEPrartiéRlvERbEhEsRGbedic

of a receiving surface. "Good placenent” accuracy

r ef4$fa¥8t o net hods and devi ces capabl e of transferring

2 Rt AB Sl RIENL LS, SoRShaahalicRas EhRRACRIEE

ce conponent or
s el seaiicedduciy elerents ahd asmnwpfn‘@b&mdwt?w‘%ﬁ %ﬂd

deV aﬂEHnQBﬁpnﬁafam@s(enﬁcoﬁ&l&%r%ﬁ{emswors%&tram@&rtac@@ Mi&R&ds for

n or e 50 m cron nor e efe I t han
or fe%mallmgﬂwhzwa&'ﬁf pitRRie PR °%’15’H€t°’ %l%BT"?t% 6%% g%"'"éven
no rs%rrﬁlibﬁ&ﬁcﬁ Hajeribie sige provided rThrequedent iovelition @soprovifles

s o\r%%@écgﬁ‘@g:'t ¥ %Erdc?tnés ary}ﬁet%cfssﬁmld:ﬁgpl)ﬁﬁ%kﬁgoﬁ F&Yﬁ&@@tmnsfer of

orTSi Ng “enment
t r mfaelersemlomctqqtog glg@epﬂsér@mmpthgrcvgqﬁrdgﬁt trapsg‘grgievme and/or

" Fi rgé?énhﬁgysub&?aft@ r"ﬁletr@etﬁod@@éihﬂeg afd déue coRlbbnentsefliieeresbnt
pattern of el ene

attern of s
serfiesiRN A Bfi‘paB\e&frﬂ?ﬂeg‘l‘{‘"%' @P&ﬁ‘%&@PW e ecét%giegtmnlc
surdetices afd araysoftfevices en fla@iedhldstideltistrgtepef ers to
transfer of a selected pattern of el enents wherein
t hefossy| affigure 1 omivides A schambtio closh seatipbyiew gacramyiivsiglng
el egBR l%ge}ﬁ c‘?%%?@k‘b?é&eﬂﬂﬁ&éﬂlgon fof B d@ﬁnntefblh’ s@mmhtﬁor

a

wh t

£ heatamersamATBns PN T BELPRt AR S Aol SIS (g om 2
or mmmicoﬁ wafbOkhvingrqiret)erisntativor Figupy 63 porideya flew diagraasetting
or %grpcersg f‘& 98%? %mﬁ,%,%&eaﬁ%)%? cesyﬁ@aéﬁéﬁn thé %f'e%éﬁ riefhods

I 'gurati on bott om sur f aces
of famenewaumwmtabﬁmr@@dm@wwn@ fgc@h‘i’l&'bﬂkﬁ?&t"@fefs
el enent, bridge elenent or both, are at %’_% . 111
parlf9al |l§s%iwamﬁéawe?Wéqanﬁméadf’?ﬁﬁ"é?ﬂwﬁ aving a (111)

Sé t rd#féﬁt:dfxcﬁ‘l mu@;hoa@ecafsmbh Quafanab®having a(d it K) oriemtiation may be a bulk
tife nder cu ers t

oS g T P 8 obons.

el especihg arsiEphtiz origntations Is| edched frite edern@lsgHace @fwfh siticon wafer 100,
br 'f?ﬁ%ramgfe%%?g BhbRSidh ne’aﬁf éi@ﬂfﬁﬂt&ﬁr@)bbé ﬂyethﬂ-%h‘%ﬁd ArQhing

ano tructure, OSUCh o430 hetwaen ch ou ﬁnesthewudthof
matteehnigues. UR g ok dé’f‘?'lﬁéf‘% F%’%c "ﬁé}? B% 6‘3‘? t a&'l"?&? &
entthg glintathd SicondiddmiBbons fabricate using this method.
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structures. Undercut structures may be partially or
fully supported by another structure, such as a

not her wafer or bulk material, that they are detached
from Undercut 29 structures nay be attached, affixed

and/or. c ected_t o anppt her

nlePT1or A P TR WA a2 oy T8 ffioneld Boffa Bds lover 1401
t heyrb@i bioohapuelé atdeand eﬁterna@atafqge 420, fquecsarpwleme heating the (111)

| Ny B%ﬁfgfe'r R6d. YE&E 2 TRk Qg@isﬁgﬁoé&Q@'Q@ﬁl'etsloﬁ@ﬁrfé’&@ bEdrRnnels 110

r|n sem conduct or el enents and

o1 eareimismal sirogn ARl (6 GAATEPS R BI0 B DS BYePPEier one or
on e imer matirbl sudhar mékel or cbmbhaﬁﬁnaiﬂ et thefeby generating

e i b ! ShA PR o e

devhasked caginpenéhofshasick mfam@dommnleedw@@@nvﬂ of the side’

It n\és?l%é%rbf Bnneis $io. fﬁ{etdi’edeﬂt iRYeHB6n fnélu@és%tﬂﬂm@nts wherein the

t {
| VRSHIT 45, SP el PIepRe B YL SR RE/GY oot (PRoSg- B 10
skitHe dxtent that radsked Rogion kiend dawanihi ide sarfades, ipsenoe emeatiiments, is
\LI)Mr to(%)o éi?td?é&l%ﬁ%s Bpeg)aéd %non%ﬂrl%%* ﬁrate% QIE Ghe -Enécﬁ)vdsnye@»pw fHQ surface

S an evil ce Frlnt
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enbodi nents, an etching systemis chosen for this
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that transfer fromthe surfaces of the stanps)
involved in the process. This layer is renpbved by
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clean surfaces of GaAs wires for device fabrication
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which also increase the OFF current. Compressive strains, on the other hand, lower the
hole concentration. As a result, the OFF current of the MESFET in tension is expected
to be higher than that of an unstrained device. The compressive strain has minor effect
on the OFF current of the device. The correspohding ON/OFF current ratio, therefore,
should decrease with tension and remain approximately the same with compression.
Fig. 9C gives the dependence of the measured ON/OFF current ratio In the saturation
region on strain, showing qualitative agreement with the discussion above.

[0122] In summary, the results of this example show that the bending induced surface
strain (in both tension and compression, as high as 0.71%) does not significantly
degrade the performance of the MESFETs fabricated from the madified procedure.
More importantly, releasing the sample in its bent state returns the device performance
to its original state. These observations indicate that the GaAs-wire based MESFETs
on PU/PET substrates have mechanical properties that meet the requirements of many
envisioned applications of macroelectronics. In addition, these types of TFTs exhibit
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increasing the total carrier concentration. (electrons
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contrast, conpressive strains increase the band-gap
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| arge area, printing-like processing are required.
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conventional integrated circuits (i.e. high wafer
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insul ator, epitaxial layers on growth substrates,
etc). [0125] In this exanple we report a different
approach. In particular, we present a type of thin
filmtransistor (TFT) that uses aligned arrays of
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49 roughness as neasured by AFMof a 5 x 5 pmregion
of the underside of one of these ribbons, displayed
in Fig. 12B, is 0.5 nm This value is larger than the
top polished surface (0.12 nm or the underside of a
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thick substrates. 50 [0128] In summary, this exanple
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produci ng printable single-crystal silicon ribbons
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a sequence of current-voltage (1-V) curves neasured at
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schematic illustrating a nethod of the present
invention for making nmultilayer arrays of printable
sem conductor el enents. As shown in panel | of figure
19, a silicon wafer having a (111) orientation is
provi ded. An external surface of the wafer is
patterned with an etch resistant nmask, thereby
generati ng masked regi ons havi ng di nensi ons sel ected
to define the lengths and wi dths of printable
sem conductor ribbon in the nultilayer array. In the
exanple shown in Figure 19, the etch resistant mask
is athermally grown Si Q2| ayer. [0140] As shown in
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directed orthogonal to the patterned externa
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panel 3 of figure 19, this processing step generates a
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contoured side surfaces positioned adjacent to the
recessed features. [0141] As shown in panel 3 of
figure 19, the processed silicon wafer having recessed
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materi al renoval processes, thereby generating a

mul tilayer stack of printable sem conductor el enents.
Al ternatively, printable sem conductor elenments in the
array can be rel eased via contact printing nethods.
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1997. (b) Group I Nifride Semiconductor Compounds (Eds.: B. Gil), Clarendon, Oxford,

- 1998.

[16] (a) U. Mishra, P. Parikh, Y. Wu, Proc. IEEE. 2002, 90, 1022. (b) S. J. Pearton, J. C.
Zolper, R. J. Shul, F. Ren, J. Appl. Phys. 1989, 886, 1. (¢} S. C. Jain, M. Willander, J.
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[17] M. A. Khan, A. Bhattari, J. N. Kuznia, and D. T. Olson, App. Phys. Lett. 1983, 63,
1214.
[18] Typical Si anisotropic etch ratios in TMAH and H20 mixtures are reported from 12
to 50 in the direction <110>/<111>, Please see to the following references; (a)
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Parce, S. Enpedocies, J. L. CGoldman, Nature 425, 274
(2003). 2Y. Huang, X. Duan, Q Wi, C. M Lieber,

Sci ence 291, 630 (2001). 3 M A Mitl, Y. Zhou, A

Satifeupga?n n’z&lQBf M_Mfo abn%l'tférm%d é\h/'nga?sg ?%gﬂﬂess‘]ﬁeﬁgork 1997. (b) D.
Fr |Le5ﬁmlﬁl! fNHt Ree Meter, S 38%9.%8605) . 5E. Menard, K. J.

Le 81918 Ki¥makD Ny, ;R Sefvandibdr @n@nd.dés.da% APRR RIS 2080 0D, 1712.

an dSQi Shlcorhgg)g?@ng%gfre \gléiggg Vog rog%ss T%%Rg)& , (%!%Zg %\lolf R.N.

Zhauker) MitarRiesskK1999ur | ey, R G Nuzzo, J. A Rogers,
Appl . Phys. Left. 86, 133507 (2005). 8Y. Sun, S. Kim
I. Adesida, J. A Rogers, Appl. Phys. Left. 87, 083501

(2005). 9K. J

Chil ds, E. an%‘{’g%”‘&%’?kwh@; '%0@0%}4‘5‘L’B¥NG
Nuzzo, Adv. Mater. HEFMRENDB')ARIAUOMS A Mitl, Z
T. Zhu, V. Kumar, K. J. Lee, X. Feng, Y. Y. Huang, |I.

Adges QE’ THE foi@\mnf W@%ﬁces@é\gte% sé¥ aﬁ@ﬂﬁl& $ochhigdes wdh@hay be used

? A‘? % f) thwpw&@v%nirgn %ztt?gsf(eéﬁ%zaqﬁbly ar*fsrl:{erﬁgnnecp printable

Forseeﬁbndd‘dair elemedi8 8ia cOAthci(pZiGOY) andkB Solutien pRotiygrtechniguedand are

das: I - asse
ﬁmr@&té’c&l&%@%@?@g?@w lre %I‘n&%in ﬁ,? GLQ%IH éré)orl]é:) bé?self assembly:
De\ﬂ rediew ofiegert sforigh divire e Sggrt Magereiruck (RDP%)y‘I2 ?@é‘m?“ @)
YO lkarge-86418 Hierd¥hical SRmAiBation[of Nafbwifdeusgs it Inddgratélf OC.

R epa e W i g e ey B e 30, 1255

Ku d59; KB) "Ditedter AdsemBlpohideeRjmehsioRsl Nﬁgostnructums Argp Eunctional
W(;etwd}? Edbﬁmgbﬁgﬂﬂafelﬁ%n @ﬁ?qé@% ah@bhéres M Lidber, Science

Sch 9% Sci ence

e BO0H BN, Ssion St G RIS S as Y Si3 IR f metalc
ScingRé@red Pater R6Emith2of 0L, Appl. ABys. $ettQRON0) T7(9)ISSP140Hi U,

S. Gardner, J. Am Chem Soc. 2004, 126, 3378. [5] S.

R [04319] ettrefeiates tBroudddthis4pplicaldri, forfe8dmil: pRentidagangnts

o4 g%l %gt %?Juecb% a%rg?lt%?%%rﬁg W%H{?ﬂé paﬁﬁt sﬁl:ﬁlgatl%ﬁ%abhcg%s,
Pa p@gubhgledmﬂp@a@@p@agonsg anq_nort%qt%;@rature documents or other source

material; are hereby incorporated by reference herein in their entireties, as though
individually incorporated by reference, to the extent each reference is at least partially
not inconsistent with the disclosure in this application {for example, a reference that is
partially inconsistent is incorporated by reference except for the partially inconsistent

portion of the reference).

[0150] Any appendix or appendices hereto are incorporated by reference as part of the

specification and/or drawings.

[0151] Where the terms “comprise”, “comprises”, “comprised”, or “comprising” are used
herein, they are to be interpreted as specifying the presence of the stated features,
integers, steps, or components referred 1o, but not to preclude the presence or addition
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Mot al a, M A Mitl, W R Childs E. Menard, A K

Shi '0?7% mc[r‘i a%gi{ea%u mteger ﬁ}g g'ipo%ql\f 49 yﬁﬁjé Ehef_:g%g géeparate
Nu zripdithentd of Regmsﬂon@@alswgpgdeqj@tb[e engg@umssa@yherein the terms

13 3?&?:7;1\/3{1%‘]& Mm;ﬁse(% bk ‘Icom&\seg’m%e oanWﬁlacéﬂ with ¥ terfas,

v 0
l\/ataéﬁbg%%gfaﬁ'ma@? 9 ms'swgf%waﬁ'&) ®.© ‘glsﬁﬁt? es%“%'ﬁﬁ'ang
J. oﬁcorB@q re%seraanyeme the?dhl) GesSibd furdeBembalitlentd th8uwrg nd.

K| m eSIx% e A Rogers App Phys. Lett. 2005,
ﬁ]’ K. Lee, . J. Lee, H Hwang, J. A
g @ wzt?ag be: Enb%g%ﬁh réfereil\% vaglélcé]spééﬁc dmaN
at edrl A al's J Peart on r;_'
AN rafesInboRleTtRAE fechmigess. Hawpvey bafipuld e dgdpiogd that many
Se b fABA4 SidrhodiRiEReaNsts teitiie:wHile rdohdining Witia B dpint and scope of

%B@J:QYEEE@ !Ewﬁ% %6& rkc&%el\c/lif%? :rgry %«Ill ear#ﬂhat%ﬂmy%:hons

Zoln}m}mds Rievites, Savibg elﬁnet%mate‘nais;\pppedmd tq(gglguesg:(t,her than
tt(o%)a gemfﬁ;ally]c@sgnbe%er\é(nldaﬁﬁg %Bplleé to th@%&%ﬁ&%f tHa invéation as

Overstr
Kh &eadx dlSB‘QﬁQC{ bgrein wjhoqqresma mréiue gwnﬁent?isorb félc%tkn%g
Phgnctidel équ:vbﬁaﬂ& of @3mposttidds} mekHb@k, dEyipes dkviGi elements, materials,

t tch. ' ol
0 PR S b N el O oot i
Pl évesticne éa!Vheoeveh@ réngelivdipgnped cfllaubianees an@él)dnggjal values are
Fundangen ttc?khéerﬂ:%m%ﬁe@ tab rséﬁ"a?étél? Bet o) THY inMnteris notGRGe limited

e i b aRAsped kY Gro e Srpvid REtpited n

Se Itiveagpatificution,awtithl are giderstydeay of exaﬁp;pjb or imhﬁyrghorm'@ Pt ¢ fimitation.

17 0] SI Era, Vol.
1‘%?304%& élﬁdﬁgﬁ& éﬁw%%@ E@g) ytﬁ@aa'}ﬁ% Tauber)

Lattlce Press, 1999. STATEMENTS REGARDING

| NCORPORATI ON BY REFERENCE AND VARI ATI ONS [ 0148] The

following references relate to self assenbly

techni ques which nmay be used in nethods of the

present invention to transfer, assenbly and

i nterconnect printable sem conductor elenments via

contact printing and/or solution printing techni ques

and are
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i ncorporated by reference in their entireties herein:
(1) "Cuided nolecular self-assenbly: a review of
recent efforts”, Jiyun C Huie Smart Mater. Struct.
(2003) 12, 264-271; (2) "Large-Scale Hierarchica
Organi zati on of Nanowire Arrays for Integrated
Nanosystens", Wang, D.; Jin, S.; W, Y.; Lieber, C
M Nano Lett. (2003) 3(9), 1255- 1259; (3) "Directed
Assenbly of One-Di nensional Nanostructures into
Functional Networks", Yu Huang, Xi angfeng Duan,

clafth§9di ao Wi, and Charles M Lieber, Science (2001)

, 630-633; and (4) "Electric-field assisted

assenbly and alignnent of nmetallic nanow res", Peter
A. Smith et at., App!. Phys. Lett. (2000) 77(9)

1. 1369vintable. sem@pngqlctm struptgfecqoampeiging:t hr oughout this
apRotif@bik SBmichMudtradBhentPaieent docunents i ncl udi ng
|ssued or granted patents or equival ents; patent
appl i cation publications; unpublished patent

appkitst Bidgefsmat @lorﬂr@&td&aé Al phithife aémrcsnm@ﬁm@re@hd

ot her so rce ter ar.e re i ncor porated b

P PeRen emelar PRI T IE 50 PR SSRIEBRAag fement and
I nekiy 'ﬁr:étriaidgyg elonant pey stilesdt fyrtialle indeaddont ssid methexwafot;
each reference is at least partially not inconsistent
with the disclosure in this application (for exanple,

a wbéremeoo@clinyataid grintglde seraitdnductnowitisa Saesier deyice is Capabie

| noRRAG £ Bt bfiodd GBEGRD! dAtnbaBhld L0
appenidendueter etppréﬁafr@e@aiﬂemether vggfer. i ncor porat ed by

reference as part of the specifi catl on and/or
draw ngs. [0151] Where the terns

2. caSh?JPﬂrg'@&e semig@jiAictog sfucturg pf @l@@nﬂ) r\r@ﬁrﬁa Saﬁr st badep

heggi@nt drbfdesaberebRidpsd rdfsRi Bf RiiceshintsblS Pafilchiyduodr blbment
presence o{rthe stated features, integers, steps, or

colfpBiERnSISf €f¥P%ed to, but not to preclude the

presence or addltl on 64 of one or nore other feature,

5 cnbiap e SGpofuRRh By St g D, LBRofRenBRE, Ao e

enarmmraetsmedc sﬂampel n the terns "conprising" or
"“conprise(s)" or "conprised' are optlonally repl aced

with the ternms, analogous in granmmar,
4. " ¢ Bhes prirtahirysroindsicios ptructire ot A étwweléﬁmfi“tﬂbl%/

?f £ E&ﬁcﬁr%ﬁ%leﬁ%ﬁ%d‘f t'bYrdé’efe elbRekthps Srli’df'er‘}%@éﬂcmrom said

er e I ments t not necessarily
co@f?ﬂ@h‘e’ﬁf@é. [0152] The invention has been descri bed
with reference to various specific and preferred

mbodi t d tech
5 ok BITe SEOTAR S4Tael RS, AriherEa PR I ray

beereﬁudﬁt wdid bmtwaeemrdagdmdrmemehhmsmd iriotreen diafee opraprisk a
nvent.i | on f%"H’Q be apparent to one of ordinary

ski‘"“{a“f $PIERD H?tf’ U€onpositions, nethods, devices,
device elenents, materials, pr ocedur es and techni gues

6. ot jFﬁé' pl%rl?ﬁﬂbri]e semiconductor structure of claim 1 wherein said first bridge
element is connected to a first end of said printable semiconductor element.
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10.

1.

12.

13.

t hose specifically described herein can be applied to
the practice of the invention as broadly disclosed
herein wi thout resort to undue experinentation. Al
art-known functional equivalents of conpositions,

met hods, devices, device elenents, materials,
procedures and techni ques descri bed herein are

i ntended to be enconpassed by this invention.

. WhEneprintahie seanigandustotstashuos etiGlaiml 1 vdheleimazje srivinkie

'ngéa{ihmgmyabmsa E%fhét%%cﬁr%gg@ ickti aR@ssmmmeéﬁer@&t

f "Separately set nvention i s not

| i g @@ecowamageew@tbdhﬁ@w@e@ﬁtécﬂtw@@ma"?rdh%w@ﬁ@hy
shgyp dewili tie drawi ngs or exenplified in the
spe0|?|cat|on whi ch are given byway of exanple or
illustration and not of [imtation. The scope of the

N nVl@é‘bﬂlr@JbleSMtborﬂ@ctbt Shuctlle 8NdNmbY fhidRr @brﬂpﬂ'ﬁing $Becond

Cl ai s sen conduct truc
conist sieiprt sl hedee T BB SOt Aot SRt S csrgone
fi bﬁdge@dn@&y\ec@ineafeato samnpmmﬁel smcmiudtopstmdmta lbed

sem co to uct ur conne er
et et e AOERE IR s Bne S BRP R s frliticrer
ansemisaiddctbi wigh a tvamsﬂ@'edeeice feecapable ef ctlrogseidpmcondibridge
ungg[[ngHtt fromsaid nother wafer; wherein contacting

said printable sem conductor w th a transfer device is
capable of fracturing said first bridge el enent,

t h?ﬁ@;?ru rtéebq‘é me&aua@r Qr&mr@bﬁaé.@. §‘=Wﬂe$éiﬁ‘ géﬁ@tpﬂﬁtable

struc fromsaid her wafer. . The printable

s e?ﬁrw@miuet%@fe@ﬁmtmﬂ%e%ﬁ S%vfa@n#v@towmf&oa.eﬁte@éiﬂa af‘?ff%ft
br élg@@a pﬁhﬁcﬁj@ﬁhg.ﬂrdmén é*ﬁﬁefrﬁfnafr@gh stfntfm @tﬁld b 3§<§tfnd@°n]g
sal m condyct or e men 0 Sal rnse
G oherBin'salc it Briddd HERBTLS SiegsH m%?fsgﬁqﬂaﬂd&@@a fd
cl aiid?gblelemﬂht i conisaitall thrsaldskesnddaidi ce i s

el astonmeric stanp. 4. The printable sem conductor

structure of claiml1 wherein said printable
s eTiheminthhdd semiedreimetot stailiré of G4imb8 i vdwpeeie baithlrat bedgs

Spléliellﬁqght[ sé‘i'rf‘geeé'oﬁﬁlﬁg{li oéTérﬁéullt saj érm%nde@tFPﬁbboi an-lcir%‘éld mother

€ sem C tfuc ure alm1 wherei
saivafef ianeam@‘mhﬁi\gﬁesenmmﬁpr, steglue.pri nt abl e
sem conduct or el enent and sai d not her vvafer corrpri se a
uni tary sem conductor structure. 6. The printab

seﬁﬁl%ﬁmﬁh‘ﬁ samiegndystestecire of dalm £ wheeeia ﬁﬁldg éﬁf&”‘F' EY

br fid@osscBiMal arbs af® 558 SbaMdteRd Rad b 68donafbsRfsc8RIndl area,
printabl e, sem conduct or el enent 66
wherein said first bridge element is connecied to less than 50% of said first cross
sectional area of said first end and wherein said second bridge element is

connected to less than 50% of said second cross sectional area of said first end.

The printable semiconductor structure of claim 8 wherein said first and second
bridge elements are positioned distal or proximal to each other.

The printable semiconductor structure of claim 8 wherein said first and second

bridge slements have average widths selected from the range of about 100
nanometers to about 1000 microns, average thicknesses selected from the range
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14,

18.

16.

17.

7. The printable sem conductor structure of claim1l
wherein said printable sem conductor elenent has a
first average width, and said first bridge el enent
has a second average width that is at least 1.5 tines
smal l er than said first average wdth. 8. The
printabl e sem conductor structure of claim| further
conprising a second bridge elenent at |east partially
u n desout 1 harmmeaiers do amivh #@00micens asa ebragclongths sl éadigrbfrom
t conduct or
o PR 2RG 2 koAb B B R e Cr " 2
wherei n contacting said printable sem conduct or with

g‘ ﬁ'ﬁé‘B@rft@tSle g&ﬂﬂc&ﬁddcﬁur G@R\%H & c%frmf’f Wplottid % Stabis econd

dge elenent. 9. printabl e sem conduct or
st F%F@?c@c@f el@mﬂm@ﬁﬁﬁ% B atesiaf wplgstqdritognihe group consisting

Sest; sg@wsm lr\JFE%lAﬂ:met i rmtslbf.: CAN! GEBSGAAS (eaislggnﬂutﬁkg,rearswhm
ext endj n n rLngi ngl [

ol B8R 2 Phger 7R, PP, anSn e S8 e Hite. Hos,
\f/\:thS,i PbS2aPOTE, imG%AdJ Nrﬂgﬁ pﬁlgle,rwnd sh, lsamneamedAmAsar),g
ir 0 ridge el enent is connecte
Eieﬂ 'ﬁ:n%@%ﬁg'%ghd dﬁ% rG’I’he printabl e sem conduct or

structure of claim8 wherein said first bridge

el

egﬂ'@égltrr]o u%f?r’agsfgﬁﬁg %%rrpfag%gs%mﬁg nﬂ&re!c—?fﬁér? foa tr?résf%{
nmoaedide; baid nwémdmmusm@theﬁtenmf ure. 11. The printabl e
sem conduct or structure of claim8 wherein said first
end has a first cross sectional area and said second
end hadrevidingadpidntalle semiserducton siruciira SOmpiing 2pintakle d

first RemiteRdeh@BRMent BndANRASIRE b‘i'l@gé @ér%eﬁtfb%ﬂn&ﬁ-% 1afsaid
said first, cross ectional area o and

NIV R R R s P A R AL AN LAt

| ess t kberdd®Sai® pristablel saﬁmomtdrctur eemenearid saithbridae @&%nﬁh‘nt are
said fi conductor

structﬁ G%tfpaglaHYHﬂ‘%eE}ﬁéfBr@. S'B?gerf‘?'&r%[r and second

bri dge eI enents are positioned distal or proxinmal to

each OLbgor oy MRl ABk 8. SEDERANGH Ao SERYELES

of clai m n sal t an sSecon
el enenthevingia sontactrsaifacanimietedn eoatast befeednr eaid wréatﬁ andgee

of aboufq 100 prr%ﬂ@@@hﬁ:ﬁﬁduc@or nt gﬁ@@ <4l Sﬁr?rE@le

average thicknesses selected fromthe range 67 of
about BeRMEABIHA elemest it corbasbsyriagpons and aver age
| engt hs sel ected from the range of about 100
nanoneters to about 1000 mi crons. 14, Th

e
seni comRYEGSeIddlaRsIeh fevite ipadnanner (wedlting i tE‘gfra‘g“f e Sa'd
pri nt abtigge dembAOMARDY Gangb@ing Bhid panBbic semicdndidi@Tstratiure

sel ect gd Trom e 9roUR SONRl-Sht Bice.

The method of claim 15 comprising a method of registered transfer to said
transfer device.

The method of claim 15 wherein said fransfer device is a conformable transfer
device.
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18.

19.

20. .

21

22.

of: Si, G, SIC, AIP, AlAs, AlSb, GaN, GaP, GaAs,
GShb, InP, InAs, GSb, InP, 1InAs, InSh, ZnQ ZnSe,
ZnTe, CdS, CdSe, ZnSe, ZnTe, CdS, CdSe, CdTe, HgsS,
PbS, PbSe, PbTe, Al GaAs, AllnAs, Al nP, GAsP, Gl nAs,
Gl nP, Al GaAsSbh, Al GalnP, and Gal nAsP, and GaN. 15. A
nmet hod of transferring a printable sem conduct or
element to a transfer device, said nmethod conprising
t héhstnefhed of clajor ¢ whemig saidransieaddwoese ah elasidmetiostamp.
structure conprising a printable sem conductor

el ement; and at | east one bridge el enent connected to

saf be mgthord vhPain tewherendacioonal sontacitisiesiaklishedmbmennt tbel

t Oc&térﬂ?gﬁ}?é'ce"@fsﬁﬁ confﬁﬁ?r‘?éb? tthns 'rge\!?tf SHPE External surface of
sem conduct or el enent and sai ge elenent are at
| e2d PRiaklp SEMPODANA 6l#ment om sai d not her waf er;
contacting said printable sem conductor elenment with a
trﬁnsfer device  havi ngﬁa contact surface, wherein

ohtePethaR olEEn Lawherel seid &st stdaeslementnsfid aiable

pr kémlahidactaembmnmmt@rd rRotRRRiferira dinaaly dePicbiduator €
nductor el enent to said contact surface; noving

sa? Y%nsfer device in a manner resulting in the
fracture said bridge elenment, thereby transferring

S35k Bl 3Pl S BT, GIBAYEH O SHEUSHIL S 6., S8yt

her “waf er rans vice
of carhpaises 4 Seeuwihridgs plgmantmethrstedod saeig:rmta@iee@nvmdmﬁ@rr

U OB e ald r ans?cg frer witer, m%ré?ﬁ‘rs%]@%&;nd ShidddBidment

wher el n sai eV|ce I’s a conf or mabl s er
deviateastgartipdy undrscutEpregidgrotaeravater wharesy ?éi'dnSt%’Pfdian

t r RS BcfdRMEViEE rhSuRR sBHASEMARSibGe SR,  19. The
met hod of claim 15 wherein conformal contact is

est abl i shed between the contact surface of said

comhmtﬁmhb@stsmamfga pnﬂ@ﬁlecsenamhdaaoeeﬂb@kmajn sucéidag of
sai tor ele 20. The net hod

d
o B HA & efreBe s Ba A F e P astorBiErent , el ¢

printable sem conductor elenent and said nother wafer

are a pni, el n%ucto LiER Rt“%ﬁd a%ﬂs brT %e’%éﬁ?d
Pliviiaya RreETEnt

of cla rein sai
st r uct gemneCledith eaid pnmaﬂalssmwoadmmdctbm a:dge:oah®tﬁ§frto a

connechpehdr %g%?,io ﬂg&éih %Eﬁ ?hﬁtaﬁlé T HH&&&I elerdlt Hhd HEEIS first

and connect ereln sal d second
br i dge bédgerglement are atleast partially undercut from said mother wafer;

contacting said printable semiconductor element with a transfer device
having a contact surface, wherein contact between said contact surface
and said printable semiconductor element binds said printable
semiconductor element to said contact surface;

moving said transfer device in a manner resulting in the fracture said first
bridge element, thereby fransferring said printable semiconductor structure
from said mother wafer to said transfer device, thereby forming said
contact surface having said printable semiconductor element disposed
thereon;
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23.t

is at least partially undercut from said nother wafer;
wherein said step of noving said transfer device
fractures said second bridge elenent. 22. A nethod for
assenbling a printable sem conductor el enent on a
receiving surface of a substrate, said nethod
conprising the steps of: providing a printable

sem conductor elenent; and a first bridge el enent
connected to said printable sem conductor structure
and conn d t

ori nt abqoﬁ% finl% scagdn mt 'B%Q u:eé'?n@p]?(gr el%ﬂgﬁt% dﬁ?afo§§ds sabd cogtact
el enentsutfaee with $9é<a&tcepagtsulmdewf gaid evlinatef, aoen sai d

not her wafer; contacting said printable sem conductor
element with a transfer device having a contact

sur f ac Sepremtingsaid eeniad skrfase oheaih carfermaplsritanster deMaeA0d

and Sals@.dqarinfab%bée%&ﬁﬁu@tQMé{ﬁérﬁrwmr@imam d?ihfé@ﬁa sai d
printabl e, sem conductor elenent to said con
ﬁq{élce thereby

sur f ac SeMRSDHvRoreieRent istraprred e caldi TReelving:
resul t |d%gerhkﬂm?ﬁﬁldfﬂrﬂfdblér@nmdu&tcbr@émelbbh dgie rededirgnt
thereby transferri aid printabl e sem conduct or
struct GHE2 5ﬁi§§gg ther wafer to said transfer
devi ce, thereby formng said contact surface having
sai ri . SEIT] I t. ;
e Bih 3P G LSRRI oBER e S aRRRE bonveen cad
el evrdartt suifaspdwridg saldguin@iblesatnipondudsarreenoent wisppseddeieon
" gl il oS AR orsaldusypRirate; and separating
con ace of said conformable transfer
deV|ce and said printable sem conductor el enent,
wherein said printable sem conductor elenent is
transferred onto said receiving surface, thereby
assenbl i ng said printable sem conductor el enent on
said receiving surface of said substrate. 23. The
met hod of claim 22 wherein conformal contact is
est abl i shed between said contact surface having said
printabl e sem conductor el enent disposed thereon and
said receiving surface of said substrate. 70
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