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relates to cycl opani ne a 0gs an rrraceutl cal

conposi tions thereof, and nethods for preparing such

anal ogs and conp03|t|ons. These conpounds and

conpositions are useful for the treatnent of disorders
FIBERQl EHERNYERTH Y gehog pat hway, such as cancer.

[0003] Inhibition of the hedgehog pathway in certain

cancers has been shown to result in inhibition of
[O(I(lllrﬁihe prevanthnvémioneecaerplle relates to deadgmtdngtonnhndstdcses with a
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has al so been shown to result in cell death in a
(FEilaxifermasi bycangh semioppductor @0sttudRarss as ovell as to mathedsdar
f has &5 Sd primarily on the elucidation of hedgehog
OTURE, y@ieol ogy and the discovery of new hedgehog

pat hway i nhi bitors. Although inhibitors of the

hed&eh?ﬁﬂgat hvvaal)%t have been identified, there still

QR &HE BNYBNAIONy nore potent inhibitors of
t he hedgehog pat hway. [0005] PCT publication WO
2006/ 026430 published 9 March 2006 and assigned to the
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In one enbodi nent, the present invention relates to a
proammpg lfmdfonepmntse&tdﬁil?ﬁsm afsern] condlwgorsnangwtingrggown by homo-
P armaceuti cal [eé acceﬁt abl e salt, thereof; wherein Rl
CPIFAXY {(Suchy 4\ Eermesunton TCONIBPO RSN do, sul f ani do,
-OC(OR5, - N(RS)C(O R5, or a sugar; R2 is H, alkyl,
al kenyl, al kynyl, aryl, cycloal kyl, nitrile, or
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cort@tTot tHe BETRAPAIRHePR the Bad kidsSaihé bdmilceRductdithanbwd. In
contains 0-3 heteroatons selected fromN, O S, and P;

each R6 is independently hydroxyl, -NR)COR
-N(RC(Q OR, -N(R)S(R), -AQNR2 -C(OQNR)(R,
-S2N(R) (R), -N(R) (R), -COOR, -C(OQ N(OH) (R),

-05(0 2R, -S(Q20R, -OP(O (PR (AR, -NP(Q (OR) (OR),
or -P(O(OR)(OR); and each R is independently H,

al kyl , alkenyl alkynyl aryl cycloalkyl or aral kyl;



H, al kyl, aral kyl, -[(
-[(W-N(R)y SQ2] qR5, -[(W-C(0O)N(R)] gR5, -[(W-0] qR5,

wo 1o03Mssédo0) ] aqR5, or -[(W-C(0)0] gR5. In ot haict/us2008/000006
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(OB 3o PTG g il M ae oD cHgt RghoEgpile with a
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various conditions using cyclopan ne anal ogs
regigthldshted slosoto thegatee iglehvry fiemib@mgonitactser t ai n cancers

has been shown to result in inhibition of tunor

grow h. For exanpl e, anti-hedgehog anti bodi es have
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pat hway and inhibit the %owth of tunors. Smal |
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doﬁ\éxﬁ‘@m‘t/@ﬁﬁ Slivtir sek 6o RIRIr ABnANRE, Mg bRCHFHOAS dpahhose
unsaturation in the A or Bring. In the present
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condi tions nedi ated by the hedgehog pat hway. [0008] In

In agrkition; i highlyguestipasiile siether HileRoS W lalose 4 don Brplantation
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opprhEH 1R ZoARGLBLE, Lheh B 68 B IRAGE o 0 SRR Yery

pregivelynwitlih the ﬁamspmmdr&aw ng t he formula: or a
pharmaceutical |y acceptable salt thereof; where Rl is

W-N(R) C(0)] qRs,
W

H alkyl, -OR am no, sulfonam do, sulfam do,
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dopiag prctfdyx:ﬂhatazirkym,ta‘tdc farfoamagRET ddvicest oget her f or m =0,
=S, =N(OR), =N(R), =N(NR2), =C(R)2; R3 is H, alkyl,
al kenyl, or alkynyl; R4 is H alkyl, alkenyl, alkynyl,
SUMMARY OH PAEKWVENREI@ROCycl oal kyl, aral kyl,
het eroaryl, heteroaral kyl, hal oal kyl, -OR5, -C(O R5,
-CO2R5, -S2R5, -C(O N(R5)(R5) [C(R)2 g- R5,

[00}{%‘%& ?E%}r&ég%%ﬁt%n d’ﬁ%whéﬁ\/% RWC&S%%] gﬁghal Hah e h R Yith a

i 268 dre 1 Pnal
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I's independently for each occurrence a diradical; each
g i s independently for each occurrence 1, 2, 3, 4, 5,
or 6; Xis a halide; each R s i ndependently H, alkyl,
al kenyl', al kynyl, aryl, cycloalkyl or aralkyl; each R
|s |ndependently for each occurrence H, aIkyI

. o



In sone enbodi nents, when R4 is hydroxyl, then Rl is
not a sugar or hydroxyl, and RL and R2 together are
wOombs/6ss6do | N some enbodi ments, Rl is sul f onampda/ 9062 booos
The condition can be selected fromthe group
axfsUTIhS harnostradtuhant dCEOEREA - doﬁﬁﬁQ:@ﬁ&enﬁfatlbﬁbeln%ﬁﬂfaﬁhlrectlon
nervous system cancers of the gastr0|ntest|nal tract
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ancer. C epa I I
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[0010] In another aspect, the invention relates to a
net hod of treating a condition nediated hy the
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con@@ﬁ)l&cn ewciickes|d, poalhckrybf tha Iskmwphdumr caalnk ytngne orszone,sbutl not all,

| k | k | | oal kyl ,
Se‘ﬁ éPB Foras ‘%/(1?9]"3 %E%/WFarﬁet e%;rsla, %et er oar al kyl ,
hal oal kyI -OR5, -C(OR5, -C2R5, -SO2R5,
N( R5) ( R5 R) 2 R5, N( R 0
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semibohiRIctoPcopé extbhdd)thiojugiRthe itkll©€se2aioh akd teo terminal sections of

i ndependently for each occurrence a d| radi cal ; each g‘pe
the senyieendyeton stvgtyres aid s semisopdnstenthell encigclesa partiog of
setﬁﬁ(()é%ﬁﬁ?o&o?i%}t' nt)ﬂF ’twg ?e?l?l’nﬁl s& tfoﬂ? qﬁ\? ﬁgfrszﬁtatlfrléé Tnk'i-hqlé‘ lse@(lloﬁ ?—{ the
semﬁ:ondmtﬁqilesmdlemré yMoo¢ pl&&frhlblyptdna rsemnxoadllrttoradtkgcture of the present

. al ken n oal kyl , heteroc cloa

Inventpy Pre%é*tli’ih‘ %ams“x‘ﬁ%‘ff‘e%h%r rseE)‘i“’mF tmore

ﬂumn$6§iﬂxﬂmhs 0-6; or where any two occurrences of R on
the sane substituent can be taken together to forma
4-8 nmenbered optionally substituted ring mhlch

O RS SRR A Pond Wi

semi%ﬁdﬂ@)r%enal'“(lﬁ)s%ﬂhat ln(ﬁﬁé}\bﬂﬁée?z)t vaen% @e'%ﬁﬁ&dﬂiuctor
-S2N(R) (R, NR)(R? -COOR, -C(O N(OH)
core@ad theemicomiugior sl cappiye tarpararyemic ‘@)f(fﬂl%t(fm)
or -P(O(OR(OR). In sone enbodi nents, when R2, RS,
and R4 are H, Rl is not hydroxyl or a sugar. In sone
(002D 0l a Bp&ific emfﬁ@dinﬁﬂt oBthb peksextyihyertivanthBkemscondiictar core is
sugar or hydroxyl, and Rl and R2 together are not C=0

unqlqpeéow@ %%&@mwgctomhqﬂsls éep%wahﬁa 8-typeen3 ptyee dopant.
Alt‘é&{aﬁ% gﬂotﬁ’ﬁ‘ﬂe Bit&ldutld ?‘%o{]ef A8 the ?e {cOHRuCELRER *cér{‘ge 8ped
cCers, cancers o e centra nervous syst
mt(haamaet}@e@lbpﬁﬂtepxgaﬁi‘ed ohan tlesfirshdbpant amtcentramenaﬁg@ffrdrh about
Rul nonar y,system ;geni ouri n cancers, breast
10¢ g about e FAPBY/EM rdhe srond 'Highex dapent reBsentratip ranges
froﬁf'i&lfo%i $00%o fachﬁxt 'T@"Ba"té}ﬂgbﬁﬁ | Pudic! 65th tRP&liEo LB Thletd
I ncl ude sma l'ung cancer, pancreatic cancer,
thersethi¢dndbttas Slm}dmanrhgldoppdl wmh}aep O)w dopantkproivaded that the first

coP R B Wi oL 0 e R 8 g 3ocona,
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aspect, the invention relates to a nmethod of

ant agoni zi ng the hedgehog pathway in a subject. The
nmet hod i ncl udes adm nistering to the subject an
effective amobunt of a conpound having the fornmula:or a
pharmaceutical |y acceptable salt thereof; wherein Rl
'S H al kyl , (P am no, sul fonam do, sul fam do,




X is a halide; each R is independently H, alkyl,
al kenyl, al kynyl, aryl, cycloal kyl or aral kyl; each R
wo fos/osdeendent |y for each occurrence H, al kylpct/us2008/000006
al kenyl , al kynyl, aryl, cycloal kyl, heterocycloalkyl,
aral kyl, heteroaryl, heteroaral kyl or -[C(R)2]P-R6
wher ei n E is 0-6; or where any two occurrences of R on
(013 Is anetherdspest: the Meséatrinb@ltloal(élﬁte@ tye meshod PIRTFRS

4-8 menb ti.onal
cont ai ns %IB"% %%tsgl%o at gﬁ%@g eFJ ‘%rg gﬁgng a'iﬁpg\’}@d‘ﬁ%l aXIS Wb’erem
each R@sdrhicondlepardenhdwndy e dypant chijdénfcalibon extends along the
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and R4ermmelebl“ché7§emlsondm:tdnycdreomyd or a sugar. In sone
enbodi nents, .when R4 .is h dr ox t hen S a
sugar or SRIFHEYRLY Femaying gP ’éﬂ?&i‘ %Iéh‘i w@}xct&r&ﬂﬁ&from at least
C=0. [ 0QdHectidh bhhe RERRDARASSstHRRRE 'sg%t%%ﬂﬁlmﬁé]ﬁomon of
conpound nmay be selected fromthe group consisting
of : CHElE GAidohikERShaNBnCireles/ABoTE o8B SRRATES nANCIor core at
ES Tk ER S REFERENCE,.TO LATED
APPLI QHF B DA PO St 57 5 Sy egpdgier
PrOV|syﬁﬁﬁhePatent Appl i cation No. 60/882 461 filed on
Decenber 28, 2006, and US Provisional Patent
Application No. 60/991, 300, filed Novenber 30, 2007,
r r
(0034F PREtBblo oo S P ERA SR o RN y rioved by
i ncor por FHeinRy pacttwicd nesk layet edeleceintlyrcotsr the btHebsédtions,
THE | NVENTI ON_ The present |nvent|on provi des |inkers
and cl @Hngpsaid §hl@§%tr0&f~‘ §&ctiongef the sermicon Céorosftwgn%dﬂsﬁrem
I gand%‘llgg)grtﬁ%l ofth&8fildohduc ¥dr‘éﬁell {0 S AUGRLIS e gved is
cl eava substrates are of use In forn1ng prodr ugs
and coeypogat &shoht ledst ooy sation iofi thesknt tvmductoe struaureas

wel | as ot her. di agnost i and t utl
BACKGROURBI GRS S TR0 nahie Bl apautE e dh fam o

parti CyhnBEdndulld? %ﬁlcferhﬂheasft %a@ﬁ&%@e@ﬂléﬁ ofttht 8&hicRdidior
cancer chenot herapy, often exhibit acute toxicity in

vi vo, #igpbueal |y bone marrow and nucosal toxicity, as

[ di d. | icity.
Such i gRoeaRely FhigTRs EORHiRr ST md T one.
Devel op W%Bho@illy”%p%a@:@th% FxRizinPahd §dlectivRicngétess until the

agents, particularly antitunor agents, is desirable
for grewosed rarfier of thersemicoagustasshell isgompletaly rameyed to

decr ea%%g%gﬁﬂgdeﬁﬁ?&% Crflglq ef ﬁl\é%&fnﬁé()’na ctB Sore tafjﬁxe at }east one

ef f ect ese ruc
non t ugsotion of the sedicdnucténafueairedi f fi cuI ty with sone
exi sting therapeutic agents is their |less than opti nal
stability in plasma. Addition of functional groups to
i Lize.: I f t
(0I5B b RERIAERESRTROUES RESHRRALS, A PoRNI AR b o
serhicondietdri shyll weangmolved sioaba hiiddie sanijon Lmlﬁdse semitanductor structure,
a|n|n accept ahl e t herapeuti ctivity levels
s0 b heaamenmERorion &) Ui SR pRodpt StDhareireist ApSH At the
serRREARIST DFEAMWAGEIYiRal RELSRMYY ofSssRE fRds b tBe A1d8le section,
[imting toxicity (i.e. the undesirable activity of
butt i at theaniddlersectaon efttheaémicosduster)stivefungy one of t he
maj or causes of failures in cancer therapy. For
exanpl e, CC- 1065 and the duocarnycins are known to be
extrenely potent cytotoxins.CC 1065 was first isol ated
from Streptonyces zelensis in 1981 by the Upjohn
Conpany (Hanka et al, J. Antibiot. 31: 1211 (1978);
Martin et al, J. Antibiot. 33: 902 (1980); Martin et
al, J. Antibiot. 34: 1119 (1381)) and was found to
have potent antitunor and antim crobial activity both
in V|tro and in experlnental anlnals (L| et al, Cancer
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5,703, 080; 5,070,092; 5,641, 780; 5, 101, 038; and
5,084, 468; and published PCT application, WO 96/ 10405

wOoN6ek/dgbol shed European application O 537 575 pdryuskid®/000006
Upj ohn Conpany (Pharmaci a Upj ohn) has al so been active

[007%] Bh @ﬁ@z&l&é}gs'\%&t,im@ fe¥&s i®fentibn 28188s toSeemitMdutor Bl Re
U. S. Patent . 5,739, 350; 4,978,757, 5,332, 837 and
comppospgr 27, Research has al so focused on the
devel op t of [ ' tS. whi . in the
form of wg“‘%g ?%Oﬁgsgygégr}ps%cﬁﬁgs%ﬁg?&g%erﬁ{:d\ggéa%:até&c{)gndoeé‘l’ong
conver teadinabsedtiogsSlotaed avepposie apdsuifitite midddosuretisn alohg a
vivo by certain chemcal or enzymatic nodifications of
thei r Wpgifedingl@xismfsaidpeprcandugior stEuietentyhersin ¢ $anyiconductor
this copy ﬁﬁﬁhgg first &?Qﬁte{oﬁgﬁr}fra?igﬂfek&ﬁ S Elgné b 13h%iﬁld%al axis
action or target tissue rather than the ciTcul atory
syst emhosughdhe tiddje tedtioasnd thddmwreteeninakbseetiony afdheigs
are probl.e ic as many are,characterized, by ow
21 b | Y05 SR 88 BHEFTLLSroep ok Sbahhevps
enzynegchiithidRpHsMt e5nRalrhN&! EndildfesRI M MOST Ref or e
the prodrugs Teach the desired sites within the .
pat i ensemigorsludtpr coyrei a thy twal/erminghzbchibng; but viesshe imbddle section,
particular |ysos | enzyne-cl.eavabl e antitunor drug
conj ug%tttgg .Seréggr,"?lfrgg?‘r sgrk‘g $énd s patent No.

6, 214, 34%. ficldkFed AaBEiktoP (T @M RIbiA SREBYAted at one of the
oxycar bonyl . Seattl e Genetics has purg%ﬁi shed

appl i claq tsrminel sctipen of the prmicondBtOGHTT@Ee, arsdanneslocated at
Pat . ) lmid&l%%%t%ﬁo%:ﬁg & n\{\i{gb c%%%%bt?l?e a drain.].(lzlcated at the
p- am nobenzyl ethers in derug elTvery agents. e

| i nker sthelasfthe besltermidah estioap pf iheademivoadadter dthudhirethnti@

am nobenzyl ether conpositions. Qther groups have, al so
descr i BeSrychwe oyer apertiogof heseaneonlucior sore abthegpiddle

Chom 430085 AERs I uplER e )™ Ve, e

66, 8815, (2001); WD 02/083180; Carl et al, J. Med.

(07E e eferiroEists o mentoned Heicybpve Tiusomprivk b egle dieldetric
layePSAd /4 Batd CbARREN ¥ er £ THE ke RBGGotored RNBFh BFRSIELERPYiSe

cascade and cycli Zation spacer systens, cyclisation
megdlicontaets ilegatedspar thesouwgaind alsainof thertdE B ror maetalsdonde kyers

d i nob banyl  Li nk ility of
berdien Ak A LRI #ChE SPWEe fnd RS OLPEB Ly, 15 stil

an inportant issue that needs to be addressed. In
addition, the toxicity of many conpounds makes them
[0018% &n @ sHl fyrthes gspes P Presamst inwentiony the presguicdaventiog relates to
| £ . Lon of.a cleaveabl e
o il YoruMAE sk Gy dheeonibisthet 2707 e
advances forinihfe sahicontiigoestarire haiag hdomgtudimaeexs fwlherein
t he devel gpnent of inproved _therapeutic agents for the

t r eat ribFRIEPN]pgIoREPES hayine fiFs ASPant copgepfratigryFxtengs atong the
Spec fl'oﬁgi'tdd{n YERL 0 Bfierdelid s 'gblmutctd?'sﬂal ﬁ&\ﬁﬁ$ fa s&ohY,

of action, reduced toxicity, and inproved stabrlity Iin

bl ood highatdopanttconkendration alsp@utenids elong ithw loagitudinal axis and
structur er. T%?e i nstant invention addresses those

needs. ISR CRIIEUFRUERIPE ON The present invention
rel ates tQed{wedy fen@Afth &E&Iﬁéﬂ%tf ®Fo seY186RIUERR sEdILGoand
ligand are |1 nKed through a peptidyl or other I|inker,
and t onifidigsestioly nfthesemcabtucteuginicturessodtbatj angaragsng portion

These | ugat es, are ent. totoxins.that can.b

sel oot B SR RRIE SRl Shtueiea gl B it Yomictigiias ore a
in an active formand then cleaved to rel ease the

active drug. One enbodinent is a conmpound of the

formula X '-1- (L4)p-F-( |_1)m|-D wherein L1 is a
self-immolative linker; mis an integer 0, 1, 2, 3, 4,

5, or 6; Fis a linker conprigsing the

structure:wherein AAl is one or nore nenbers

i ndependently selected fromthe group consisting of



and D conprises a structure:wherein the ring systemA
is a menber selected fromsubstituted or unsubstituted

woRoWd/esssdebst i tuted or unsubstituted heteroarylpcane008/000006
substituted or unsubstituted heterocycl oal kyl groups;

£ and. G AlefinfiBNGRiSnd AABRERRAUL Y1 BRIFRIRACLIGTHG not at the
substituted or unsubsti d al kyl, substituted or
unsubsiddl¢ stibebEtheakiydondacthestercpatpmd a singl e

bond, E and d t
sel ot od FFBAE IS P BATSOC AT DaTITe dRetrgidicior
subst i §iHlcRfle WhHERURSEET WbRMHriBe! £LEARElocBE at one of the two

substituted or unsubstituted heterocycloal kyl; X is a
menber tegeinetsestions efitheseng candncsmatruciure 3 chennel hegstssrat the

sel ect ed S 19 n St

subst |I[nfﬂ Seg’}loﬁ ﬁg{i‘% %mtw% g“ﬁe?ﬁ“r%%?ky?}a% gat%h lé?/ helséher
I s ORloflthe a6 te2inihaRiectiohs o AtheBBid&Iondedtecitastire deteh@te
group consisting of H substituted al kyl

Uns ubsttructire gveN adartion 96@@.8?@1@&%@%%5 pk{pe middle section of
unsubsg i . , honophosphat es,

di phostt|g)1 %’t%ﬁ:g &lﬁ}%@p@% sul fonates, acyl,

C(ORI2R13 , C(OOCR12 , C(O) NR12R13 , P(O (OR12) 2, ,

2 d SiR12 R14 h R12 ,
[Oqg%k)PrefS‘i?BlyRi}l? Faﬁs‘sl?r@%’gté‘?rgd h?&eéﬁ‘gﬁ’éf &g foé;rrﬁg{\ikglggt ed from
H  substigiad 4 %{atéméleaﬁk'lﬁ}@r %delathgiﬁbmoﬁl&ftﬁé §emhiBShdictor

unsubsti tuted heteroal kyl and substituted or
unsubstdre at thd nadgle sectivarafithe fenPicamdiicRr 3truolyed; laad wi t h

the nitrqgen or carbo tomto whi are attached
are opti g&%‘? 1% 28819 cé’BHP% %]V?ﬁ S mfsﬁqtt? g‘%?&{rbc fEyer b
unsubsiddid &2tibRbEMRGYMidAEMbr §thit@urs Ywh&@nay bb8ioh dIMhe
4 to 6 nmenbers, optionally containing two or nore

het er owermigendurter coreatt the msldémsfcmgn ofthe sgrigeadyctor structure,

d | )
s e R L S
aryl, fonse st dhabihe@f eHeyl ET smlbarémtdmbexﬂ theetiner tefthinkl sections
unsubst ituted heteroaryl, 'substitute

het er degatpdal aia endipf dhiyiddle sestion of g}eosew%lépfzs?r structure

g?:l( Oo?%ﬁweé(o%%?}ﬁe B i g (RN B o terminal

QO CH2) sebkiqirdApLatedat thagthed j oppesite g of thd miRlidle Rebtion oRthe
and R5' toget her with. the_cayhon ato to which they
are aticRUfEyuctor Srpcipng 8“?%“’?"31"’%“8@%@?1 uted or
unsubst i t ut ed cycl oal kyl or heterocycl oal kyl ring
system having from4 to 6 nenbers;wherein n is an
integer from1l to 20; R15 and R16 are independently

BRI BRI R I ION DEHRE PRADINCRL  or oal kyl . “subst i 1t od
or unsubstituted aryl, substituted or unsubstituted

het eroaryl, substituted or unsubstituted
[0028] & J@cyéhcnfeﬁ k§ife vmaof%mlicmd@wr GANQARIGREE Fonipiame a

dlfﬁ&??l%‘t O g n Ogg\é(; ger 108 Vﬁ% ﬂeey asrhgﬂ’gﬁl ac% g%{ggé}f@ﬁe

serfigbhduvdr el & ﬂ&ﬁd)vé@ fibf Mmaddie bsdtioh W itk s¥imiconductor
unsubstituted heterocycl oal kyl ring system having from
nanpstrgctgreiorprepss the ypdeshang %%@ﬁ@%cmrr?@r% REcBAIngdp gne
ngl e bond which is either
em%?%@eeﬁ%pm% észggrﬁd lﬁVéh(}&\lf\llhen present R6 and R7 are
JOIned to forma cyclopropyl ring; and R7 is CH2-X1 or

(OGTLFE shovrcn i Bfeod o B3 3ge st (RET] ibiodasiogithe

selﬁfrceaddc@ortrﬂamétfucafrs SERIG. LiwHile he FETRSAMCA el region
acceptabl e salt thereof. 'Another enbodiment is a

conpound of the fornmula X4- (L4)p-F-(L 1)m D wherein
L1 is a self-imolative linker; mis an integer 0, 1,
2, 3, 4, 5 or 6; Fis alinker conprising the
structure: wherein AAl is one or nore nenbers
|ndependently sel ect ed fromthe group conS| stl ng of



cis an integer from1l to 20; L2 is a self-inmmolative
linker; ois O or 1;L is a linker nenber; pis 0 or 1,

wo%os gssegonenber sel ected from the group consi Sidiagk2088/000006
protected reactive functional groups, unprotected

lodaRAGH khemiddneédcasm bt ﬂfe@@meona@étslcﬁamk@uémana so@ftd/drain
targeting agents; and wrl ses a structure: wherein

regions lorated ahisiodaminaksegti he mlé@tdwtorrm@n@structure
subst i | substituted or

ACK mﬁst{’ H{’ggmg&ﬂ e?gfzt?l %lg\lﬁ o0 Gt ed or
unsubst ituted heter ocycl oaI kyl groups; E and G are

nbers i ndependently selected fromH, substituted or
[0% S %ﬁt‘glﬁs%t?(%em@%é’(r peesting sigps fasdomaing the ssgniconductor

nafl$SLBERR dﬂ-‘l Q@cto?chﬁ tPGe é’int?dcﬂ%f?tl &Qﬂ@gre?ént%@éﬁ%ff’.
are joine oforma Ing system sel ecte rom
substituted or unsubstituted aryl, substituted or

un [ d heteroar and substituted or
od duGh: § Hillbemis Samtn sRrieine Reps s Hape Mo BRL of BIG. 2
by uﬁﬁg‘t@ sethieO % Ranodiirdturd oﬁFf@ r[bﬁéco%ﬁhg ¢S 6fk EﬂhB&‘hhﬁemt of

subsStituted or unsubstituted al kyl, substituted or
thaprssepsinventiad het er oal kyl, and acyl; R3 is a nenber

sel ected fromthe group consi st i ng of (=0), SR1 1,

NHR11 and OR11 wherein R 11 is a nenber selected from
[0023¢ DAL EDD DHSTRIPTION OF TSR VENTEON2 AR PREFERRED

ENBOMIMENTS S ENBGE. substituted heteroal kyl,
unsubstituted heteroal kyl, nonophosphat es,

di phosphates, triphosphates, sulfonates, acyl,
[O(IZSDXIRﬂ%R])Howir@c@)Séﬁitﬁ)n, nﬁ@@oNRiﬁd@if&: det&{Qre GRUD)tR, such as
% CHR12R13 , SR12 and S| D(El , In which R12
paggpylar stgurquries, FogiRonFRiyaptEria B’é?HE}@P& PYPcEETIRE B1gBS #bm
techhi §H§J$ﬁ bidet ﬁﬂpx%(udéféstﬂ&%hgﬁ Uh&st@hdink of ﬁiékiﬁéée‘hyﬁﬁ/@ntlon
orunsubstltuted het er oal kyl and subsTituted or
Hogves ety st willhesappegoydted b eneoforiranasiall Rl ghet ang@tahéue imyention

ni tro en.or. carbon at h they are t ached
ma b Rt eBR O] BRI e B Ra T pH I e, Sl krowh
strﬁ’(ﬂﬁﬂéb ot ploebRthd RERMAGY abORdek Mesdribed i$ ¥&thaR i bR R¥a¥di®Mm
6 nmenbers, optionally containing two or nore

obwemeg@sﬁmﬁ@ltlm , R4 , R5 and R5' are nenbers

i ndependently selected fromthe group consisting of H,

substituted al kyl, unsubstituted al kyl, substituted
[0026Y It willtsahrRickstotdethaew bién arselbﬁléhﬁ asttaadyét?f@i&%r)dubstrate is

unsubstituted heteroaryl, subst
refagecsiopsyhemealony lRnotheselsment utCéa bﬁ étré%e% thether element or

1nt%§lfr%9g% g{\égts&l%&g pgﬁ%g %%@as’t,w 15 rr}e(}'erred to

as &Ling2JdinddtiSda)’ 2nother elayent] tlece aie qmahter‘cdnn@ilelelﬁéhts jprdont. It
.and RS . together with he carb tons to which t 8y
Wl@ﬁ@ PP ailsrs@od frag WM@& e 5 ierreCu B at PeiBes GoBRecte
“cdiipiedPsd hﬂd’[h@rdel&ii%toﬁ |c§1¥ be ereaﬁl &fnﬁ@&&h 8bdupled tonfe other
system having from 4 nbers, wherein n is an
elemntegsnteiveymglelemem 'mamb'ﬂ Iam:banﬁm amgrastnvbpe Al elrmie}nt is

cted fram. H ..substifuyted.ar unsubsti.t ut ed .al k
rofEaor S ebte Ghreppe et 80 Ry SavRbs Lo Elfbisat
the?éar@%qﬂt‘éwél eréb presbiast i t uted or unsubstltut ed

heteroaryl, substitut ed or unsubstituted

heterocycloalkyl and substituted or unsubstituted
n
[Oﬂgefﬁ’%lggenthg tmven b &‘El‘?ﬁ?% {,51%26921%%?4 tﬁegfeu}xcg I?(? specific
embpdinenel featnjred itﬁﬂasb@ctﬁ df wilhbstdesgmiket dt the invention is not thus
unsubstituted heterocycl oal kyl ring system having from
4 to 6 nmenbers, optionally containing two or nore
het er oat ons; wherein at |east one of R4 , R4, R5 and
R5" links said drug to L1, if present, or to F, and
conprises wherein v is an ingeger from1l to 6; andeach
R, R, R, and Ris independently selected fromH,
substltuted or unsubstltuted aIkyI substltuted or
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R6 is a single bond which is either present or absent
and when present R6 and R7 are joined to forma

woeX64/6E@PY! ring; and R7 is CH -X1 or -CH - jRitn@&dodsioooos
said cyclopropyl ring with R6, wherein X1 is a | eaving

linHfedYBhut rﬁt‘ﬁ@xcéét'&{d%% hﬁh%%@ﬁé‘%&hﬁ@dtkn& %ﬁ%@@;ns X}%llcatlons
anot her embodi nent i s a conpound of the fornuf
and edhppdiFefits} arid macprdingliatlesiuph pthet m0é1ﬁ;>@t1®ns, mmatmtns

l.i nker ; i S.an integer 1 3,4, 5..0 6'.Fi a
bGP aB TP ETmRt AL Pk ieemiRie i sl sPope
of tRNigvémisher s i ndependently sel ected fromthe group

consi sting of natural am no acids and unnat ural

a-amno acids; c is an integer froml to 20; L3 is a

A [ n
(0G5 RS SR RO P IyIBe S SRR S G Gnich i
preferabBn, 1rﬂ)?rdw&ed&eﬂ1ﬁt§bndhétbﬁﬁaﬁd9&uﬂﬁteﬂﬁwﬁfg d Gofwserdondl

am de bond with a pendant carboxyl functional group of
dlq‘_lﬁrbsfomrféloég}%%Wp ag?“tLé)OffB?rrs an amide bond with a

pendant am ne functional group of Db ois O or 1;L4 is

a linker nmenber, wherein L4 conprises directly
[0029] &GGel shovs dveexdntpdanyisemsconfludtoisructurh 0 sacgorddi) fosories

enber .sel ected fromH, _ substituted ar u subs i tute
e Rent O e PrSE LBV T A SRS EE I B T r BRIy g 20 is
locafedl oveERAF BpfRe Surfh¥ea1 2 o ffFPRibs@ate 16260d has 4 BsleRaBN 8 guration
selected fromH, substituted or unsubstituted al kyT,
incbuding  semisandictanmonh29C and edemioadecidnshell 286bst i t ut ed

or unsubstituted aryl, substituted or unsubstituted

het eroaryl, and substituted or unsubstit uted
[0030Y ghe @tﬂS‘dtﬁ&J Kyhay @bshpfis@arl $enditéndub@de pefdelatihy materials.

integers from1l to 6; pis 1; X4 is a nmenber selected
Praferghly; the sybsitate £Q amprisesg S@fnlﬁm@tué@f wtqr@b&qlmr@d from the

t o
e oS P AR, KD SREC SEal SR EGpAE IhABThP SRl as
othep IV 6:eH-VAl Qintpotind semicohdicon. tmne snbmttst(}smayrnl%olcsmnse
member sel ect ed from substituted or unsubst i tuted

an grgaANIc SEHEANAPEIOE AT B FAYEFRE ISEYFandPelar sebas .Sy@e gnlicon-on-

s (S G G Rl S B iRt BF et esent

mv&nbem it igtpeeferved thasthestbstrate o be quhposdbﬁtalﬂmbetammg

stituted heteroal k et er. om .a SI

ser BRI SR o of St e ol o & dtiof, The

sul?s?rlaf%clt(ﬁQaJ; bO B S UndBp & 0P It A ENRih bH g@ﬂ ¥%hd undoped
substitut'ed or unsubstituted héteroary

de\gg@sﬂglqrutthmemr Furtber; the substaate H@tr@ayow@prtsalony or orgisglation

nboei a(ract %d (Ievom O. S and NR23 ; R23 is a nenber

regl IS PEPAePAdAceR] dVISIFBIPIRed or unsubstituted al kyl ,

substituted or unsubstituted heteroal kyl, and acyl; R3

is a menber selected fromthe group consisting of
[0031b JThe spmicondugiprustrughige 2Ris prefejpidy einangsiriciuse havingrd eross-

PRI LET bR BLR BOTPL0 110 Tty SR U

anditigbsiidondhieor zﬂﬁllaOSEdﬂ(hé seﬂﬁnﬁmﬁh&ﬁ'mbﬁbﬁﬁlcture 20 can be formed
phosphates, tri phos hat es, sul fonates,

of emlmghfsmw ondegtering eﬂahl s 7o not gty éafz)szc SiGe,
)&‘Bﬂ%@%ﬁ SRA d K3 i

Sl(%cg , an ziA%we rgﬁe e?%%éepef%glnﬁ ?/ﬁé\yieg?gﬁ%ﬁr om

serhicosdizsdrs.t ut ed or unsubstituted al kyl, substituted or
unsubstituted heteroal kyl and substituted or
unsubstituted aryl, wherein R12 and R13 together with
the nitrogen or carbon atomto which they are attached
are optionally joined to forma substituted or

unsubstituted heterocycl oal kyl ring system having from
4 to 6 nmenbers,
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optionally containing two or nore heteroatons; R4 ,
R4" , R5 and R5' are nenbers independently sel ected

wof Jo0skb® group consisting of H, substituted aldeyiis2008/000006
unsubstituted al kyl, substituted aryl, unsubstituted

[00’3&%’ IprefStabRL tHelleRflcdhah&bP8s ROCUNAURGS §drhiidb@dlictor shell 208
heteroaryl”, substituted heterocycl oal k

: cloal kyl ,
compuseibe sarne ecnicendrctuymateaslkhut withdidteeent deping leyRls Hig

@) , NR15R16.
e ey S SR e
citid]idGRIYped ot Is ddped4ithFddopanRipeaiasl (éxhier an haged drey-typletdopant)

t he carbon atons to which they are attapheg, are .
at 3 rshaelatively downdapisgisensantration, oyhilabe semicongisdor 20S is doped

: | [ c ' . i .
AL KRBT MY
stilRpfova ndefRll Butatopantrfilepenide fod yitismteby saded davinesimay prove
S b eRATo ToBi0e) Qapacy FPssetier ap SeBF of b-ope dopand) at a
seédﬁé,%ﬁ&iivélpth?%ug(gﬁl% coitRatratidst €d or unsubstitut ed

het'er oary uted orunsubstituted
het erocycl oal kyl, and substituted or unsubstituted

(03P b RS T R e Vot th ' seFniconductor
coreR0Codl thy sdnRichgdhctd? shell DDS afelddpledl Withesh 2type dopant, such as

unsubstituted heterocycloal kyl ring system having from
phaspherus, areenic asd anfimpayaMoye pisikrablyi thg semeconugter eore 20C has

het er oat X IS I, e on I Chi i 17
» RSP Bl eoP AR pROOE: POREeln B L o
atoh R dhe'd atidthe @emic@nayabiofhetl P08 Hak AGecanddrdfativiety Kiigh d¥pamr
-CH-_joined in said cxglopropylzging W th R6, wherein
coneeniraion rapEng Apmyakaw 10wie pboy 18t ate@eCMone of R4
R4 , R5, R5' , Rl15 or R16 links said drug to L1, if
present, or to F; or a pharnmaceutically acceptable
[0084] In adhaltezndtivenihoditent of tixophiesn inviestion, bottpthe semiconductor

having the foll opin t ure; - .wherein L1 is a
corg SPE AT %&W@}@ﬁ@%éﬁ?ﬁ 463 erecipordither b-ypetopnt slehgs
aluthinun, Silidn, A ihdius. CPRAYAN &hS YaRIcbAdForARe BUC has a first,

conprises a structure: wherein the ring systen1ﬁ is a |
relatbrehelowsddpaot exhcentoationurhsging frosdatmut 1O s i gbout UOe cdaitoms/cm”,

|, substitute unsubsti.t ut ed t.ergaryl and .
e strmianate il S0 467 2 dpatreni EP s bie 2Phgt B Srppation
ranEideorfPaB6@ 1EMoabsul rdbasndeRA’l y sel ected from H,
substituted or unsubstituted al kyl, substituted or
unsubstituted heteroal kyl, a heteroatom a single
J r i
o381 o oA B0 S PAE 30V TR T B rsa

alofiglhséngditutizdl axis WRALWTShe $amiiechdietod isaractite 2000Preferably, but not
substituted .or unsubstituted heterocycloal kyl; X is a

neqepsRHLY: thetemuieniuctos Rregstryclig 2 rashides pblgasty middisgsetion 22
an L Rl 2 MREd R RS R e P g5,
showa ia FiGnbe Ths atmcoadudtoncore REC gk tengs along itlst longitwfinal axis A-

A ol IR bl 2578 2 Fobhe Attt (ipuher a
porfibfi $Ethe!’s@§ﬁ'&§1‘dh&t%¥ aqeu?idsyils reRURSL ﬁ&nﬂtﬁﬁé’nﬂ?&il@ Q&K YR of the

unsubstituted heteroal kyl, nobnophosphat es,
semicihs o ateestruchirg Ad,spibatdbe usddriyongasess corglugtor core 20C is

R13 2 O NR12R1 P(O) (OR12) 2

exrEp ) i e a7 2 GoraP RS Ra e ST IOl g4 208

endittfes onBNEpéHidn Jf ehe RIREIRIuLIDE eHR PNt ltie S REhRAI §dclbhs 24
H, subst|¥uted or unsubstituted al kyl, substituted or
unsubstituted heteroal kyl and substituted or
unsubstituted aryl, wherein R12 and R13 together with
the nitrogen or carbon atom o which they are attached
are optionally joined to forma substituted or
unsubstituted heterocycl oal kyl ring system having from

a ~ o - .




R6 is a single bond which is either present or absent
and when present R6 and R7 are joined to forma
wWEes/eR6PY! ring; and R7 is CH2-X1 or -CH 2- g@i/5©dos/0d0006
said cyclopropyl ring with R6, wherein X1 is a | eaving
and Q@ YWt Rt the Iﬂ41ddle seeticH e, 3% the%%ﬁu&ﬁﬂh%? nAfAERERAEPE, lay
selected fromthe group consisti ng of H, substitut ed
shaviyl FlGrsubsti tut ed al kyl, substituted aryl,
unsubstituted aryl, substi t ut ed het er oaryl ,
unsubstituted heteroaryl, substituted
[O(hﬁﬂ 9f RGMmpbAatIY hoteURSUDGbUAHIERS] 1hgharAE%5] Mkl three-section
hal ogen, NO2, NR15R16 |, O R15 , OC(O) NR15R16
seQEp Oy Eaanogtr ey we30 witRa sortlomf tthe seemgxdwp&ps shel}, 208 being

rer%}%&#?%%%@l% g{cu\%ﬂ éﬁ a% g? e r H@énrt B?‘t’ so\%&mt?}d Iii?stead

thépresent iraehtch cc&rtenplaterseelmiaonﬁuxrtm mubsst withi tveﬂouzrnumbers of

unsubstituted cyclo Ikﬁ1 r heterocycloalk | ring
seaiipas EHRGNE A tModmadey dupdied wbilea popionaf $e§n15ﬁanduct0r
shiiD}s38fibusd £ orferSibre it nBE Al S LAMAEARAARAELY structure.
substituted or unsubstltuted heteroalkyl substltuted

or substi t yt ed a subs d nsu itute
(o dP 4P picondiies sinbstacttne ZoatiEs 1 Shp BRreadiy rbine by
con\%nﬁbﬂﬁmbeﬁil&yand mhegﬁgh&tteémcﬁes s lumt&itlhtmcgds -4

peptidyl, wherein R15 and R16 together with t
nitrogen atomto which they are attached are

ional | 'iedtoformasu St.it d..or,. .
106 880 i oo Srny BTk PPkl 20 B fiteromt dpping v
in thetsemfcorBU&6F Sore 2PT! ddahé Yensiotidrictdr BBell 205,06 sA®WE in FIG. 3,

het er oat ons; wherejn at | east one of nembers R4 , R4’
can befraned besm apitaxigl Frawdh praggss: Jh_ethf?mnmcms%levelé in he
srffgPlib B LB oI LI PR PR R o
adjusinteik eflddpapicdhceftdditidn dset ddring therepithsitl grotaldl paddey. ,

substituted or unsubstituted heteroal kyl, substitut ed

or unsubstituted aryl, substituted or unsubstituted

S

0015) 2 88, AR 4 S S Ml el o
bedrh @apd>syum)mm atiie (aathe otrdtaeroéabowionu abomrﬂ@o%i) marﬁlrm The

a co u haV| the follo r t he
sufrats 1S AP AR P Bt (EIRSEIVSaT B pRept AP B e Bl Beigrcer
folthie Wihsﬁlh{ {6t @d1eRée/into SHAS [drf tHE BFleP bf ML Q@% hb&ﬁ%o nm

heteroaryl and substituted or unsubstituted

didnetter) doopdéts aTksﬂsutgtr@t@ps sutBequentlX expeseil holap ambitant pfySiH, at a

I 3.1 nb
P RR O R 1O R G PR S P ot S P R | mtom
to S84 100 trL ATHIE w58 intoub A ERIRED B Kithowidd groam{ hwiithR3
is a nmenber selected fromthe group consisting

aqnﬂbgrs fropm about RPta abei §Oom andzvith 2 lengtly dkf@ffbevr%@trtl@@@leta the
sl BB QUPF AR B ke FHRLL AMERE A i lemporare

w1tlhrtﬁbl pedwth whte (ﬂndiedsetg)ﬁitkylhe teMpBniies [Ahath&ﬁample at a pressure of
phosphates, triphos hates sul fonat es, acy

0.1 REB RIS ety DAL <. B RRID DS spPog TR pmhour
Thglp?) Ure l?’resulgﬁilgmrﬁ}%gd ot ﬁ%l?}gylpg 4 si nhRoWES WhiRt constitute

4 are ers ently seleéted from
thettors obtiie |1m\u=mede ooretahsll isstictunes e The sitystratesastpzowh s subsequently

uns bstitu h oaI and substituted or o
CXEREBLEN PR gl A ot A RS HETAITR Tasng igen fhapt 550°C

to ¥dub 8bdre. N msqgmegnt P4 Ekﬁ{foﬁﬁzﬂ B SWPhWIB:Bop e tA4will wrap

attached are optionally joined to forma substituted
or unsubstituted heterocycloal kyl ring system having
from4 to 6 nenbers, optionally containing two or nore
heteroatons; R6 is a single pgnd which is either
present or absent and when present R6 and R7 are
JOIned to forn1a cyclopropyl ring; R7 is CH-X1 or -CH
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consisting of H substituted al kyl, unsubstituted
al kyl, substituted aryl, unsubstituted aryl,

wosMbsddstdet ed heteroaryl, unsubstituted heter ogitius2008/000006
substituted heterocycl oal kyl, unsubstituted

M@g{ﬁ@ﬁ@b&!@@cﬁg ”@%i@@l?ﬂé@ll% c%%?owth will

be PRiforidRk6 to, tha nelati{eCidhkenitftida )of BaHi and BiHinebegrofmtl embient
0 20; R15 ant 6 are jindependently  selected fromH,

ang thsstrp Vit ate Sl diRenben bk pm%we,a}/lé GRSEOPH tegrRsrature. As

an @Qéﬂ;%t z!lttaLEEI%gerlﬂﬁIrg b5, a tSHPSebdurd 80.95 torr, using 50 scem

unsubstituted aryl, substituted or unsubstituted
SiHesrat Yasogm BATLH20 ippor dithted inude) Bwtdonfarmdl growth rate is 100

terocycloal kyl , ‘a bstist uted or unsubstituted
"“Bﬁ‘ﬂ%fi‘éf i{,ac&ﬂ]é‘lgﬁﬂﬁelﬁ?gxqumﬁm together with the
nitrogen atomto which they are attached are

(0040 NRRld poriicH e son{Bhfu@orsdRE 05 Y &de@ively removed from a
unsubstituted heterocycloal kyl ring system having from

middlese@iom itk sempicondretdrynagositugiune A9, thewsby exprsing the

het er oat ons;, rpaceuti.cally ac t abl e [t .there A
und RS SRR 6 A0 b AR R S AdioR 72 v o i i, &
Spédifibsliyy b Patthied @ielectritehdrll ithsk Y5/ef MAis! fHrmedRWHIEH covers only

sel ected from substituted or unsubstituted aryl

thesttostemuinelesgciéans AHsundslt efithe semisprdusiarytanesigicture 20, while the
miGHEAIN 20 pNESH RBL AL BEISHRTHE RRL Kot QY

comtaih dNR suddble didbtrii Smaskimategialss slohcds 8ilicon oidds, silicon nitrides,
substituted or unquibst ituted al k substi tuted or

siligpm Qpwtifrideseic. s aRly P paféﬂae%éjviécm hargymask laysr 1%
conpBlE ARl o it B L e cn OBk

stitute
etchingutbalniques.ed seldctive osidimatiph stepds they lcarried ubtt axtidize dn
aryl, substituted hetero nsubst.it ut ed.
ex SR PORIIOT s B POTGEteT AES PGS HE B SE<tion 22, followed by
a sEIRSHRRSEtERiNE Sidp ARk SE1eG Rl ek the BahRefductd@xiddN3oRhEd
. NC(O R15°, O NR15R16 , OC(O) ORI5 , C(O R15 , SRI5
over t@m&oxi@%ﬁ&tﬂmdpctand“@e@ﬁ@g Wo@qtgp@_tjtioa pf ﬁwysemiconductor

PATE G o S AT Bl 65 D
bade@ich@fing $lhtRInad beulisd td tehRe@he oxi81288 kérhicbRductor shell 20S.

cycl oal kyl or heterocycloal kyl ring system having from
4 to 6 nmenbers; wherein nis an integer from1l to 20;

. . o
(0] 88 8 B T D BRE B AR RS Sl Tl e
serbitehdiritortshele A0S hheberal dnyikely serhevddt fodra theoiddle section 22 of the
. I . .
ser;igggq?\?g;r;]%}lggﬂgrg%p ?gtstcg g)?éfiste ﬁéﬁgﬁ;{lﬁ%&é@ﬁ&%ﬂ&gg core 20C, as
shd¥eih &1 gl oal kyl, and substituted or unsubstituted
peptidyl, wherein R15 and R16 together with the
nitrogen atomto which they are attached are

optionally joined to forma substitut.ed
oL uBeSrmirobdidenangupiitaa o st . dartrrse
invéntiéh San BRSNSy uRAtd P8R h MarR§ikéd SinfiBordRtdRdeRE Such as a
het er oat ons, wherein R33 conprises one or nore

nang-sizebfitld effgetatansistREFEY) 40.sisshpenioREGvhi ch is either
present or absent and when present R6 and R7 are
joined to forma cyclopropyl ring; and R7 is CH2- X1 or

[0048}1SBecifiedIRE thel Hand Ri£Ed BET P oBptisesiat@uitlet40S Rcated at one

wherein X1 is a |leaving group; rmaceutically

terminad peciion 249 the smﬁ@sﬁctomnmwcm%i aghanngl 40§ located at
conmpound sel ected from SEM CONDUCTOR NANOSTRUCTURES,
SEM CONDUCTOR DEVI CES, AND METHODS OF MAKI NG SAMVE
FI ELD OF THE | NVENTI ON [ 0001] The present invention
generally relates to sem conghuct or nanostructures with
a core-shell configuration that can be used for
form ng nano-sized sem conductor devices. Mre

Y ) e o, . I T M L 1



a hi gher packing density, as well as inproved device
performance. To further sustain this trend, novel

WwWOoDANGEsEgdCt ures are expl ored as possi bl e succeggars06i000006
the current state-of-art silicon devices. One type of

th VAHAHS §e6ib DL, mANSriRl168cht@PatiBé biletiedticyndUcRiFissétitth 0 The
form ng nano-si zed FETs is a sem conduct or nanowir e

chameli0Gpf therfBelp#e mejudes thetexagsed mmﬂf themsemiconductereore
208301 oW 1 ere JRR93%o E‘Pt:j% Y ehostRididghg! In §t%§cturte%¥‘the FET 40,

|
COﬂ uct or nanovvl S req UI res

whEeHsudnprises algae@igle@rie Myar ¥2 aid algat@mﬂ&acs@fmy&rm@ tioformed
process fl ow and redesi gning desired dopin

(
overrthe P%%gleb‘m@ﬂﬁpﬁmnoa@d pRTtige of thesemigpndyetor eore H%C at the
mid@TEARAUL QL s @ﬁw F16S 4 8% uREGRARr il fnekfl éﬁ,@E? 46S and 46D
portions of new perfornance nano-si ze
mq’yﬂibq#bvﬂibnétocajmveancessrtalthmﬁﬁﬁ4ﬁl Fadth&if-metd stlaideslagers 44S and
ath i deal ) sem.copduct or nanow .
44 t‘iaH é\g,’??‘ﬁ @S 08“338‘6 4<§§ 8t4%§ aﬂq% SQWcy Tain
4OS Qn& QOD foid Ithet PET bl 4538 "rélidc@ $he donkdle ré?ns@i?x%@ Bethe IHOF 86,
the FET, which'is located in the uniformy doped or
undoped sem conduct or nanowi re, and source/drain netal

C the FET e,attached.,.to . the two of. .
oG BRI e PG G2 Ban PR Depatet 1o TMDS Kircuits
by ©SiAEiadbradation prédess tat i8 coMpa@ble YvigPednkehtforfalEMOS processing

el ectrostatics inside the channel region, but also

stepspBIISs Sthehavws speeifio expmploey piosessing siens fapfoamingthe KETAO,
t
acos PR ISP BRI E BRI R 0, S i ity

through this interface when an undoped nanowire is
in a very substantial_shift of the threshold

lOQﬂél Fggte t%wl‘@@ﬁ?@bﬁ%ﬁ%?trﬂ%@?dz%%ﬁwwm F4Gy 4 égpubisict to a

thel R &é{& Bl dtﬁ@i%&f’?cfr{ V%&U@sk' Whichlf Qxer?l'tﬁ&qayer 42
approac woul d 1 nvo a nbre conp |cate dopl ng

ov@rthé expsed surfavehofthe perdapeductagnanostnotaed (¢.k.oswfioes not

contacts and a.lo do or .undo gi_on
COY%%da'Ereﬁ’ed%agg@eg Hlei%“i;'a‘lré m WEXE‘E\NQ@%ﬁ D ﬁ‘?‘}%ﬁ’g‘%‘ﬁ{ gc ¢ich
oxiﬂi@ QP ﬁitn&%’fa&@xmi Yan full&{ch @rtﬁe bire ﬁél@&ﬂ@[é}e@ﬂﬁ RAEEE %0 be
for realizing such a conplicated doping profile in a
formgdowi re - both suffering fromsubstantial drawbacks.
One approach is to grow the sem conductor nanowires in
situ with a desired doping profile along the | ength of

[0048F N2kt @WateCeonliiétr MRARKAREHY ishRPSIRM oveSthe REAIIAMUCRINE as
with the requi rement for precisely aligning the FET

shayvanipdilenos Thegete epadu¢ier @ateélalamﬂ Mg caBprisepelysilipon, metal,

meprftaﬁ!)Y %%Eléc‘;ldeuen?t?l Alé{cﬁeors dif %rl cghglé&g%?-ﬁétegal suitable for

forﬁmg i FEU!TgatHkSorﬁaétﬁﬂt Tl@engte dbll&ﬁﬁt(ﬁSnﬁ&Salrl@Naﬁd thdpatterned
ultimately |imts inprovenent in the device

hard angsk g d 82 anaibseausntdy egved drom the tyo tﬁamaﬁk segtipnrsdsand
26 bPiR s@ﬁu&)’ﬁhﬁétgf‘ﬂa@m rl%% LQého'%éH“ﬁ&"Flbeﬂ lﬁl’e'}?mammg gate
conventi onal dopant | anfation techniques. Tt Is
cortdugtor maﬂﬁﬁil nadhethe mlddb saetivmv2 2 efsthe seraiconductor nanostructure
t hr mensi onal inte rate proac
20 rf}?&eﬁs{rfpeas B8RS TRy Hrd e ﬁlamw@wmqw&f%@‘ewm lpyer 42
and the W@l HudERLdE 20, WhehRANTihdfor' RUARL ifinbitol R FET to be
inplantation direction. In addition, it is highly
formpgdst i onabl e whether it is possible to use an ion
I mpl ant ati on approach for any nanostructure, since the
ions woul d have to be "stopped" very precisely within
t he nanostructure. [0007] There is therefore a
conti nuing need for inproved nanostructures wth
desired doping profiles that are suitable for formng
FET devices. SUMVARY OF THE | NVENTI ON [ 0008] The
present invention provi des g4 hree-di nensi onal
nanostructure with a doping profile characterized by
unlforn1dopant concentratlons along a IongltudlnaIaX|s

o " o g, r r g o g,



invention is preferably a nanostructure with a
cross-sectional dinmension of not nore than about 100
woss/4s86kbl] The sem conductor core and the PCT/US2008/000006
sem conductor shell conprise any suitable
[0GET A pitbfddshotdesikt 1aVer 106 id theh Gordtbdtdiat ther?stﬁub@lre of FIG. 7

present invention the sem conductor core and th

bysenyensinaelditbesraphir techpigyes- stha mtemhgawsﬁm%mﬂ 8p

selnaﬁ\%'i ﬁllotec sotg% grlxd(lillg Cti%?l% éij the ?é}%? Qgﬁdlﬁfl;r n%fxogt ture 50
pres I nven e sem conductor core I'S un
hM&itheth]&nﬁﬁm mndﬂ$24)ancsh@bfthl3$e1dﬂpedlummt ﬂmmsmnmmyzm) are

or a ype .dgpant ternatjvel .bqth t
xRS NIIEDR Fiar s Thepatireredaioidsieiidier IEE defingsthe pe
so%@@/@galﬂ‘ﬁ'é(%lfbrﬁ%f hd YEE 15180 ?&fnedp&lﬂi\éh Mo‘:ﬁ@ﬁ it {8 thvb'tSrkminal
opant centration ranges fromabout I q" to about 10
sedibna2éasd 268f thersdnti¢omdgetoo nmosmqh@rzw ophgriment of this

poSDRE PG A LT Exsot T ST uRe Bt Rbreha elap

withBe $&id£enduct or sheII can be doped with a p-type
dopant’, provided that the first dopant concentration
ranges fromabout 10 1 1 to about 10 17 atons/cnB, and

0 534305 195 SRR AL B AR,

shcaslp 8CFIG. Ph P opti @seTithd Meaidldyen] msedi@foeﬁed Ove tieéApoded termmal
nprisin form ng a sem conductor structure haV|ng a

seqt@ﬁg A aaql Eé pf thej ssmicmdpetonnznosnstusiiLforss seu e/ dray metpl

co aétk E)F El Qt46§ QHé g@gra%tsh&gn EXERGOS v@llf%g'gmtaﬁl?n rt1 ns of
ongl 5 axrl's, wher el n a seniconductor shell

thehavtahlgyer Hl%amndxe rbﬂnghﬁf togethantvith dm;mﬁttemi’ﬁlmmt(ﬁbﬁﬂ layer by

extends al ong the | ongitudinal axi nd encjrcles th
resist SOPBHSL A g‘} rtheg P’éneagl%& steg|car PP%‘F‘;]Y&’&FBW W t‘b g}r{‘} ngﬁ
me@ap shL&e eﬁﬁ%r%@ﬁ'ﬂﬁ& ipshellowhlif i@t 2| east one section

sem conductor Structure, so that a remaining
portion of the sem conductor shell encircles a portion

i t t.oth t but
(odign TE FRATAT ST vHdb 11 <Bhivfh BrivaRrE gD gpopertics
bettebh BcinBtal EQRAAE 463 @fﬁdﬂ@b' the il sPRIdd 180er9444 RRJ 44D, the

sem conduct or shell is selectively renoved by: form ng
h@ll)p@aneérsn@dcqnﬂwor d;ﬁélrmsoambtl]@cmdvmdyordwbr daped ot her
sensng:ﬁxfl %E(% O{C %O S,?vt}zllljls o%lunct ve}3l %uHcttl(hn 0%%rp{r$\genth§£)vt?ﬁ% device
perF6ii 0860t FETSH@! Ontode hand &after lmaeétionrmmsetebm $he metal
exposed at the at | east one section of th

CO@W é@%aﬂr&ﬂ@? thnopgle thermaetabsiligide laygrse44s @dﬁ’d&%aﬁfpmethlglﬂy
do;gé)gl %Hﬁco?h% gl?éf & attheldurl® Jd%ﬂ“naregﬁﬂl 568 94& hgﬂg fora

at t ast one section: of e sem con
rel&tivelsCloww euntam Iremitancel he trdhuvngy hiph dopirigrlenelun thoy
oxid ;an onal |y, eating the oxidizing an
seraispidiic ﬂs‘? §§$ RESUEELE arlpwIcopRet IExipBee gBiis @herohand
whEf &é&%&? et Qfec§&?s' dr Ho'f’esz Péé?ﬂ] Sinh&'To) SH 4be, the%
expose an underlying portio the sem co ductor core
injexted fremahe b@misonduntorsbell 208 imth thesens eoriduotod woteROC at the

str cture In a specjfic gnbodi nent of t
R 05 AT heg WP B e e TRBCaBHets L 28s and the
serftidShductct oM E  Sepiitendiclilts-seRfdoh@ictd juhBfon, ideal carrier
sem conductor structure, so that the rendining portion
injestionicen begnswedluct or shell encircles a portion of the
sem conductor core at two term nal sections at
opposite ends of the mddle section, but not at the
m ddl e section of the sem conductor structure.[0016]
In a further aspect, the present invention relates to
a sem conductor device conprising: a sem conductor
structure conprising a mddle section and two term na
sections | ocated at oppositeygnds of the nmiddle
section along a longitudinal axis of said
sen1conductor structure, mhereln a sen1conductor core

Y . a o e . e s o o




[0017] The gate structure as nentioned herei nabove nmay
conprise a gate dielectric |layer and a gate conductor

wd Ryeesseebhe sem conduct or devi ce may further og@mATd2868/000006
netal contacts | ocated over the source and drain of

[00308 Fokther, 8bcaliEd fle gatdl CndBctbPHOG SnBedoveRthé SenidBhdlctor core
contacts and the source and drain of the FET. [0018
20€Crat thesghiapunel fregiom 40C axperdesizable gateproliagerdenandenitSchattky
th I nt,.jnvention.rela met hod for form ng
baglegse%le g?)lﬁn 151 ct 6rrnp%°et\}}?%%evé%ené)e§|§°§%n %ﬁ&f ormng a
sem conduct or structure having a |ongitudinal axis,
wherei n a sem conductor_ core having a first dopant

(0053 Merermpprisntby thergpde diclsatiic laxer Bragdtheigsia corductor laye
<ol 5E Rl 13 QNENE om0 ol AONIR e SRRl o e
FEToA theneh ynanlsudng midnoine parasitt espacitencesontribudond. or

core; selectively renoving a portion of the

sem_conductor shell froma mddle section of the

[0052)} Whilgithe dpyentipn hag beea des@ibed dierean pathdelsrenge s sraciie

enBbdinints GO ACIBE t?,h?lwlill & Féc'nglxi‘iéd thaP@ i ¥AiBh id £ thus
Sem conduct or corerattwo {erm nab sections at opposite

limgted sbutfrathiweexterdld i ui Byt th @ther Imddificitioas, vahetionsgappdications,
ection of the senj.condyctor structyre; and formng a

and pabadiEefisepnd sckpeliag e crerpiher BRHicatiot erAtiats or

applidai6hd6Rd cMBEdiRieRts 1€ tS e repRRIRA a8 Séing vafih R afdhadcope
at one of the two term nal Sections of the

of hemeemtignct or structure, a channel |ocated at the
m ddl e section of the sem conductor structure, a drain
| ocated at the other of the two term nal sections of
the sem conductor structure, and a gate structure over
a portion of the sem conductor core at the mddle
section of the sem conductor structure. [0019]
Preferably, the FET as nenti oned herei nabove is forned
by: formng a gate dielectric |ayer over the portion
of the sem conductor core at the mddle section of the
sem conductor structure; and form ng a gate conductor
| ayer over the gate dielectric layer at the mddle
section of the sem conductor structure, wherein the
portion of the sem conductor core at the mddle
section of the sem conductor structure, which is
covered by the gate dielectric |ayer and gate
conductor l|ayer, forns the channel of the FET, wherein
one of the two termnal sections |ocated at one end of
the m ddl e section of the semi conductor structure
forms the source of the FET, and wherein the other of
the two term nal sections |ocated at the other,
opposite end of the mddle section of the
sem conductor structure forns the drain of the FET
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0020] FIG 1 shows
a side view of a sem conductor nanostrucrure
containing a differentially doped sem conductor core
and shell, while a portion of the sem conductor shel
is renoved froma mddle section of the sem conduct or
nanostrucrure to expose the underlying sem conductor
core, according to one enbodi nent of the present
i nvention. [0021] FIG 2 shows a side view of a field
effect transistor (FET) forned using the sem conduct or
nanostructure of FIG 1, while the FET contains a
channel regionlocated at the mddle section of the
sem conduct or nanostructure and source/drain regions
| ocated at two term nal sections of the sem conductor
nanostructure, according to one enbodi nent of the
present invention. [0022] FIGS. 3-4 illustrate
exenpl ary processing steps fpf formng the
sem conduct or nanostructure of FIG 1, according to
one enbodi nent of the present invention. [0023] FIGS.
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[0026] It will be understood that when an elenent as a
| ayer, region or substrate is referred to as being
WO 208/0586Wt her el enent, it can be directly on tpga@:26&000006
el ement or intervening elenments may al so be present.
crlAamventrast, when an elenent is referred to as being
"directly on" another elenent, there are no

intervening elenents present. It will also be
ﬁgersto d that when an elenent is referred to as

el%aamgsﬁﬁécted" or "coupled" to another elenent, it
can be directly connected or coupled to the other

el enent or intervening el ements nay be present. IF

L. cony segnicongster aﬁu%tp@r@mmsglgr@%ﬁee%fcv@nw%%@ ong a

di ﬁ(ﬁ%itlu}{inﬁpmg 6t 5% sé?ﬁicogdlfcf‘cﬁ_tstr}ictﬁ refin b Qe@RRhBE or

el emet, there are no I ntervening el énents present.
[ 002@1e hakirgen filsedopanendricontratam dxéewds dEsgrthdlagitediealnxis
Wi t referenc%.to sgecifiﬁ?enbodi nts, featurqﬁ ﬁnd.
as pdupueh the mylfipleseCtiqns 9f fheAequ e COR STy Hygn b RhpIEn a
not s&RKShiBdEflell Ri¥ing 3lsBEIndCKigRBSogafit rckhtidtion@ncircles a
ot her nodifications, variations, applications, and
enboditiomrmifihe semuicersiuictodicarg af oa br meed: but hefrall, sections of the
nodi fications, variations, applications, and
enb SHPHEATLS SFUFN G | egar ded as being within the
spirit and scope of the invention. [0028] The present
i nvention provides an inproved sem conduct or i

2. st r e semiconhcter stRIChrep laisp ¥ @mprmgﬁ,@gddle section and two

sem : r ' - ti :
o A S lon S FRARU A Ehiie 4 OB i@ ;365 pARMtn the
1 sbhemioadudtxaidpd extyndsahiongh thechitdlssaction and@tvie®terminal
accordj ng % one enhodi nent of the presegg i nvention.
Spe&§atioBaP ifi,e SERECOSERSteLHIFEIErandheein the sgyicgnductor shell
| ocal GrbIQVES i PR sefmilohBi&orcorlht fhe WBLhAhA stQicRdbut
has a core-shell configuration including a
semooatdhc ingddle sectiof (F thersenaicemdricomrstiuctuor. shel | 2CS.
[ 0030] The substrate 10 nay conprise any sem conduct or
or insulating materials. Preferably, the substrate 10

3. CONMhE $6fiBndfAGICRGHEFE Of clARE € Which 364 BEiREubthRMAVIE a
group consisting of: Si, SiC, SiGe, SiCGC GCe alloys,
GaAstos$-agationaldimengionef hotagorstthay about 180 am. | | - V|
compound sem conductors. The substrate 10 nay al so
conprise an organi ¢ sem conductor or a |ayered

4. senTheReHtbAductsrdiruaturSb Shiee 1, whérein Kool R Nefifi¢dndutor core
(SA) or a SiGe-on-insulator (SGA). In sone )
embaed thesemieondueiar shellcomprisg theapigrsenyigondyctor srasriabd
that the substrate 10 be conposed of a Si-containing
sem conductor material, i.e., a sem conductor materia

5. t haThe séerhicdaducsord strmoture dhdaisnbsvhatm the semicohduatimpede is
or undoped, or it nmay contain_ both doped _and undoped
devpe@neggwa?fglq ePanicongstensiell it fRped it Mapd Payt-
conpri se one or nore isolation regions between
adj acent device regions. [0031] The sem conduct or

6. st r ihée serpicatdictonatmterabf glaim Aawbatinube semichpduatgr ere is
crosssecti opal . di mensi on, of E§¥ g e t.ha abgut 00

eI EITINE STPIeBI Y sBel Adqned Velhd BO¥RR AmGPt

shell 20S of the sem conductor nanostructure 20 can be
formed of any suitable sem conductor naterial,

7. i ncThe ergiconductorcstruciune otelaimn4, hereig; both Gjeaemiginductor core
Ge al S,..Ga LiAs,, InR. as well as other |l.1-V or
1 - G B Semimatuaht S fond viBas p Y ciing ersip e first
sentésunt beicentraieradSs e abbet Mochadtid'datostipdn’, 368
conprise the same sem conductor material, but with
di fferent doping |levels. For exanple, both 20C and 20S
may conprise Si or SiGe, but the sem conductor 20C
either is undoped or is dopeggwith a dopant species
(either an n-type or p-type dopant) at a first,
relatively | ow dopi ng concentration, while the

L . o o e .



[ 0035] The sem conductor nanostructure 20 may conpri se
mul tiple sections arranged al ong a | ongitudi nal axis

woubs/escdone sem conductor structure 20. Pref erpgalis2083u40006
not necessarily, the sem conductor nanostructure 20

i nchytdasn fle e88RE hibhidt AsPant sQfdeh@itiohZrangd tHR abslitiodo
sections 24 and 2 at opposite ends of the mddle
sectabaout 192, atemys/smown in FIG 1. The semi conductor core
20C extends al ong the longitudinal axis AA through all
of the multiple sections 22, 24, and 26 of the

8. st r Ut WéricdAdudtovdRture af flainh UoWwherkin Bigh SR efREEHdULF core
shell 205 is renmoved fromthe mddle section 22 of the

senirBdHigremasondupios shellcara dapegiowith @ priyae depant.owarreinythe st
{

oD A ERGralts ko FBARRST & atolELS AR oy, ond
20S winegdin tHeascand, hl@epdds;tanonomfenﬂrdit&nﬁaﬂgescﬁtdﬂ about 1007 ©
20C at the two tegm nal sections 24and 26, but not the
m dé @Jtslé)ctqt‘tms 92 - of the semni conductor nanostructure
20, as shown in FIG 1. [0036] It is inportant to note
that although FIG 1 illustratively shows a

9. t hr demsthotlicompsiemgrconduct or nanostructure 20 vvith a

EATTIIMEE P T TR

not s&Ricbhdidtéboré RS dg”‘g ,ﬁritr&i% MtRDBEUntralive B)t:ﬂeﬂd‘s along the
cont enpl at es sem conduct or s ructures with various
nunienggtudinakads.iand svhergigiasgmiqonduetopshell having\e seaenit, igher
V\'hl :410%3}% egﬁcteln Qtl(())II %lt {)1 gxtseg az?qf))rrl]gd %Sﬁéég{))r{%t%ﬂma# a)tuﬁ ah& gHé’ch(iies the
senk@ﬁmmdm @té waliure. [0037] The sem conduct or
nanostructure 20 of FIG 1 can be readil y formed
conventelestxely dapecingiagiortioniof the sergicapdycton sbelh rﬁoqlaé least one
as 's&l:ét 108 e sq:nh@ongl ﬁt%r stadturel ?&t’iﬁl Férﬁ%%ﬂl%ﬁ)oﬁlon of the
core-s t

eI [ 'Ssem con nanostructure
di f senmrohdwbogi shell keasiedles 4 p\ombe o dre semichmdtictor careat atber

and the sem condu r shell shown |n FIG

can S?féloﬂ%ﬁ‘h‘éa("b%?“gﬁq%ﬁt P'é‘;‘(?%F‘%r‘lf&ﬁ%seﬁ%%@@mffﬁ?écm

different doping levels in the sem conductor core 20C

and the sem conductor shell 20S are fornmed by in situ
10adj Tbt methododf didpehtwipeiodhe patiooof teedmicanidngtot beell is

epi talX| aI1 row h process. [0039] A substrate,

desPHEBINIDEMNEL PXecessarily Si, is plated (using

t her medorfifn RhARASIK b (o Welb&ivalyt &ivRr (HRbthétS ORI but
of about 10 to about 30 A) Au film The substrate is
t henotaairkbat least ane ss:cvenmfrt sareicondietaistyetung Gderan the
gﬁgﬁ%)rt{(aogo llhense%E g%r}dug %HF%O I} ec{n 1V lg %g%eds %%xp steﬁ at said

di aaﬁlte@srt)oné%&rﬂioﬁtoftheTmlemtcfoats&uuaresubsequent ly
exposed to an anbient of SiH4 at a tenperature from

about oradigingithe gmased potion o aheasesumdyﬁ@s shelktorfogma

abog 13001%&?& cfx?d%g‘%ﬁfd #496hst 88d secE of m:g sgmﬁc%%ldllgtol' Structure;
one dl ensi ona nanow re gr owt

from adetuctival9 etahn%otdmtseﬁﬁ:onduntaxrmklm tahda | engt h

directly. proportianal he Si H pressure and

i o, oRoRgRD feReaag thegi lzmgsa&d&s%ew rhippgteBs unt BT the
temagl ALY P@rtlo\ﬁ" dltnd Qfmg&rﬁi%ﬂ)r SRd1Pis! O] ?éfél&'??m%&htot e!?(%ose

t enper at ure. an exanple, at a pressure’o
andamubdaerpyéngpartion of tlmc@;ondluetog conetah sgidiatleast one sectlon of
appr.oxi mat el nmm hour. This procedure will result in
undgl?egamé?or\d%@tﬂff‘??m&‘gﬁed Si nanowires, which

constitute the core of the inventive core-shell
structures. The substrate as grown is subsequently
exposed to an anmbient O SiH 4 and B2H6 at a

tenperature rangi ng from about 550C to about 8000C.

This will result in a conforygl growth of B-doped Si

that will waparound the undoped Si nanowi re core. The
dopi ng | evel of the confor rral grovvth vv| II be
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et ching solution can be used to renove the oxidi zed
sem conduct or shell 20S. [0041] The sel ective

wobgldkb@n and etching steps can be repeated yigtids2b@R00006
sem conductor shell 20S has been entirely renoved from

11t he THedRétRo S 8CIhiaN9 2¢hétintthe ﬁ&ﬂfdfhfb@’ el i&hfi€onductor shell is
nanostructure 20 to expose the underlyi

ng

senirempeksciron aomdélez@@wra@f #is semigondygtes stepctyre o zhat the
sen1con ctor nan G
S SERENG QEBORh SR Ra BB b PhSRGRBCHS,
a naemsmaedoxs@m goduetminalss¢tions at&ppbslfifenas of the middle
nano-si zed field effect trans L (FET as shown
o Brionpbunsgathe qadierRin 3 hg FRSMNCATAEICIET 40
conprises a source 40S | ocated at one term nal section
24 of the sem conductor nanostructure 24, a channe

124 0C Theandtbol of dliien 9 wikreingbe sé¢mwodctarsttuatudy miamanostructure

| ocated at the other ,semc¢c or secti The
e B A e A S Ry oL TS 180 8RB I08 o t i on
of the semni conductor core 20C at the m ddl e section 22
of the nanostructure 20. A gate structure of the FET
1340, qulmeth@xbnﬁnlalge%, \ahegamebo@h &eeemmqnducatyecordanéﬁa a
gate cond cttor hﬁ GEhle g er ge Cannel
ocse‘i““’é’“ UFRShE 68%‘885% 5 8\’?58?“?%‘ “%8%“8 R8uct or
core 20C at the mddle section 22, as shown in FIG 4.

Source and drain netal contacts 46S and 46D may be
14pr ovlihgerethes ef ¢laim bb odiesein ghe spanipgndustyr cprgris adopegewhgrein

sui r bet ween t he

nmet 3 edsgecrﬁr{ %{ugtoﬁélielgiﬁgl ﬁé‘gwg\tﬁgi thntejpgc()lu %’é and drain

4CS and 40D of the FET 40, so as to reduce the contact

resi stance of the FET 40. k0044] The FET 40 as,shown

15 n Ahgmeshedpf ghaim b%d*fheyelp hetrnycenfluctor sorsupndenedywherein

' onpatible with

conventlonffﬁ1 6#%2% é?%§ﬁ§#2§§%déﬁégﬁ 5-9 shows

speC|f|c exenpl ary processing steps for formng the

161 v dfereiod oodafh H egiereio pa T BRREBIfaOAtgr Sore and e
NanQ&h ddaltisr KBl afe EPRWRitath Bypekidpant WhieRSH tHe(Tlr@t dopant

t hermal oxi dation or nltrlfleatlon process, ich
f or wencentratigranges fomrabdat 1Gly ter abppt R atonkrécra pn@ wiierein

surfaces o onduc nanost uct 21
ur faRgRoh el ARt svl%eﬂéatp%& i SR TR
masktdnay&@h>.102), as shown in FIG 5. Such OXIde or
nitride |layer 42 can function as the gate dielectric
| ayer for the FET to be forned. [0046] Next, a gate
congy . | 0S| .

175 MBS FETEL IR 1 WS AL LA GBS 5yl 0
mat gémitbondiitdorshyl] afeduped avifioh yaihed @apant m&ieﬁéin theefirad dopant
alloy, metal suicide, nmetal pitride y of her
con GRS YAt oRTAB RSO FPPUbI & f%%bopbwn ﬁg?nas/@ET agdwherein
con 7 21
pat {e2bnd, DRt fanf QRNAIRor AL EES o SHOMCRET bbout 19
froakﬁmﬁmnho term nal sections 24 and 26 of the
sem conduct or nanostructure 20, as shown in FIG 7.
The remai ni ng gate conductor material 104 at the

1gm dgk &nsi6Sidueldr 48vied cérﬁﬁnﬁﬁg’ conduct or nanostructure
20 thereby forns a gate conductor |ayer 40G that
over | aysemihendyatos sttuethirectomppriding/amiddle amionhted two terminal

o PR e SPpas{ts end o e Mictig 5P e K ohBydinal

PhohRik@Fksil sbraddhdddbr dtfuchiie) ﬂwlﬁéiéllfﬁféﬂseﬁﬂ&fndhbt%r core having a
structure of FIG 7 by conventional [ithographic

techni ques. The patterned photoresist |ayer 106

sel ectively protects the m ddl e section 22 of the

sem conduct or nanostructure P, while the two term na
sections 24 and 26 of the sem conductor nanostructure
20 are exposed ‘as shown in FIG. 8 The patterned

1 . e . A NS I Y L " e



contacts 46S and 46D through the netal suicide |ayers
44S and 44D into the highly doped sem conductor shell

woXebs/@gsdohe source and drain regions 408 and 4@}/@@503@00006
relatively | ow contact resistance. The relatively high

dopifipg dop¥flcohentraBors BXTerRNISEE BE 16T IulindPEkis Elﬁldﬁgﬁthe
such a | ow contact resistance. On the other hand,
t he rruédlle|secrtgm(a@dtth@wceuegnmabmngns ¢fghe ssmxcea@mt@rrﬁéwcture

chan I n Y ected fro

sem C%ﬂ Srg of °% 1e Pdlflg% Sha Ea\flﬂ aggcfﬂngo gﬁ% Cor e

2 Ccaticehtiatiohértiteles Ag@rtidh cﬂfﬁﬁ?e séphid6Rduidid dordgttth€ Bwo terminal
bet ween the sem conductor shell 20S and the

s ensedivasduy potthe migdie seation, of the semiconductor structure; and

sem co t I

o cot g ettt @ark A (BREY EorBhr i b0 146 ot O bl e
gat ewe carnhirel sec%ﬁﬁoﬁtﬂe;semmd&ctbhﬂnﬁmre coctdnnéldocated # the
SSEE‘% %‘FEE@@%&&& fsl)fotgw?tﬁ%?? R e Idfpisda theihrf
| MR twloterndiaN) &@tl&%réﬂﬁé'%ﬁ@onc{ug% LiruMBfe and a tgate structure
importantly, the gate dielectric layer 42 and tThe gate
conduatayportiay ef th¢ S@nzmosdédonede ahtha nsddle-sattignefdhe
manner. Wit h res ect to the channel region 40C of the
FETS%’,COP% 8W§‘?Jr| ng m ni mum parasitic capacitance
contri buti ons [0052] While the invention has been
described herein with reference to specific

19.e b dbi¢ sericendyctendevics o stpimdSewherein theygatd stysture comprises a
recogni t thus limted, but
r at ﬁgtrg dée?(?é;ﬁgs&e} &qé@é’tg%lﬁd{f&@é&?m fications,
vari ations, applications, and enbodi nents, and
accordingly all such ot her nmodi fi cations, variations,

20.appiThe semisarducierdiexiassdichimt S, frther gorparising metpl gontacts
bei gt of the

i nvent| or?Q’%{thell\g/g %ﬁlﬁﬁahraﬂp?gﬁiﬁe is: 1. A

sem conductor structure conprising nmulti pI e sections

arr ed along a i tudinal axis of sai.
21 Gor B e Rp B s g cﬁ\}mgﬁe Fittngr Competiemetd) silcigedavers
hav o etn tHe mbtaPQRRRks SRIRER6ERE h&f‘dﬁl&{ §M@ls Faong the

| ongi tudi nal axis through the nmultiple sections of the
sen1conductor structure, and wherein a sem conduct or

hel | ' i gh t trat
2. oA BB B B itV EoR SO AN GSTB B8 ¢ at one
or no ri@rmf?llgta Raficalductod SEldt@Rha0ingtd18n Si@kdi £ S WhErein a

structure, 2. The sem conductor structure of claim1,
conpemisprdpctorrrorribaying:e firss opant congeniration setendsclengihe

| ocat 0 [
oS Bha B85 3 S48 Sl e B Ylertns isnr
M ddbans esridefRatidichalio\ex tbiisnilygd the e@tglmaﬁlabﬁxlg aad encircles the
sem conduct or structure, and wherein the sem conduct or
shepemispRIYCETE8Te portion of the senmi conductor core at
the t (Mo
St oudkfipdlypahoRRE b/ hihe PahicBhalcist Skilioth a middie
sensetiod o€ tkﬂseﬂttdﬁdﬂdtlctbe stodctarepsanthat a wimaihing pottion of the
nanostruc ure gglg cross sectional di.nension of
G‘PC

not SSTBCENGYS apartign ofihe SERILODGHACIAT FAIF at two
ST HerhiHa® sé?:ftloﬁl; 3 IPpbsit BRIs D thdptdaid R1isk) mu& ABEMGhOMmiddle
core and the sem conductor shell conprise the sane
sensemnd@éﬁ@rsemmdueﬂor stBuctitiepargkeni conduct or str uct ure

of cl s the sem duct core |

eher o, G 04 EBRGI BRSSOl RERTS HEhdhe S Robdh SHhEE,
N- t ¥BBrefPMRMHET & mpriRs 886 Nebdtddatt ofié b tHelvd temifhlai m
4, wherein the sem conductor core is undoped, wherein

the sem conductor shell is doped with a p-type dopant.
7. The sem conductor structure of claim4, wherein
both the sem conductor core gnd the sem conduct or
shell are doped with an n-type dopant, wherein the
first dopant concentrat| on ranges from about IOl 1 to

I P pe— oy o S



section of the sem conductor structure, so that a
remai ni ng portion of the sem conductor shell encircles

woob96dsk¢@n of the sem conductor core at ot her pgehd2063%00006
but not said at |east one section, of the

S eMse@bily 6F tHe seinidthiduér sthibturEechimhbladcéd sd tht Middle
wherein the portion of the sem conductor shell is

sel seetionfyhe sampgenfusior struetion g dzaip lacated b therfig ofdhetwo
to %&Jmfi{izh's}é&l&ﬁs %?thersehﬁfo %%E&%F stPtlreOAIRt a géﬂa f?QétPr%ad\%r a
at l'east one section, o The “s8m conduct or Struc ure,
whe pettiont dfeh@senticomduetortcos: stehe miditle sdonibn offidid setmicdirluctor
sel ectively renoved is exposed at said at |east one
sectIBHUESF t he seni conductor structure; oxidizing the
exposed portion of the sem conductor shell to forma
sem conduct or oxide at said at |east one section of

23t he Themeathotiofitdlaim 22, whereinghe patien of thel sgmetonidinetgr shedl is
sem clondu<l:t or _ OXi g)e; and optionally, repeating the
oxi dFSPREIRIINER Bt i ve etching steps until the
exposethrpaigd plitepled ALskSIaPRrae Relesd ly &R the tfvo terminal
conpl etely Tenoved to expose an underlying portion of
t he sediong,dnd net the nuddle saetiona pithgtsemicontdugpestausture owherin

unof B o ERR o ShaiomSortt Siehto b BRI BrkryeliftBotea a
r emeivefliddl©gectiofib it efRsdndottopétridngesen conduct or
structure, so that the remai ning portion of the
seni covridiging the gepased pertion) of shesepyeendygtosshelhto form a
sem . .
oppSan{aHERr £08ExThe il SEoRE 1Ak RuBlor sprpcture
m ddl eseleztivelgretching the ssmitondactocodde;sinduct ure. . 12. The
met hod of cJ.aim9, wherein the senjconductor structure
is a reRiSeHYdPRAAENE RS %}H&H@ra@é@%em gfbiPe slpsHefibhe
o Sres o ROl ROt shalFis SHIERY Hehottd @ apBie
s emag andertiting psitioh lof thengemisendubier somreat denmcldhdsection of the
material . 14, SE},% nmet hod of claim 13, wherein the
senmPBIAILYEeT WHCRIS-s undoped, wherein t he
sem conductor shell is doped with an n-type dopant.
15. The nmethod of claim 13, wherein the sem conduct or
24 cor dhe snahsopfeddaimaBis véienein e gaterstrentieng comprisercd ate dielectric
dopffd \r/vlt(p atg-ctx(?e d ant . 16. The method of claim
13, wrerd hevsth YeLord conductor core and the
sem conductor shell are doped with an n-type dopant,
wherein the first dopant concentration ranges from

25 abodhe meghod of ddaim R4, ¥herein shoRBT isdormgdiBYinher ei n t he

To 17 o B RicANGRL e RiGPRARS RS ARA: core
cl aanthé Middleseeion dahé séhrosduttarsndumigandor e and t he
sem copnduct or shel |, are doped th a p-type, dopant,

Y | .
wher ei RTINS & $3t¢ pongyistondaysy Rugihy GHte Strledinig layer pighe middle
aboylcibf of the dethi@Ridbtol Qtrdctul QRE efhe X%Hﬂ)n‘%ﬁﬁ@ in the
second, hi gher dopant concentration ranges from about
10 $émicondiimbartcotd@ the atiddis sectidn of$he senseonduotod strticture,

devi . I Sinog:; ] duct t t
compPHingouTR it e elfetng b trasd el ndboige ey fms
| o tcthaticl BPBRSFEE, WRESinWne DT ehd BalbtbiniHBCdcd-RBnAbOAEd Bt

| ongi tudi nal axis of said sem conductor structure,
whepr¢ endofstbaimiddld section afdhe sémigondpcidristrueturiofpams the source

v L e 30 SHEETE el BROG ELPRir A b Ronitted at he

sections of the sem conductor structure, and wherein a
sem conductor shell having a second, higher dopant
concentration encircles a portion of the sem conductor
core at the two term nal sections, but not the mddle
section, of the sem conductofg structure; and a field
effect transistor (FET) conprising a source |ocated at
one of the two termi nal sections of the sem conductor

e " o oy



22. A nethod for formng a sem conductor device,
conprising: formng a sem conductor structure having a

wo Bogisksdl nal axis, wherein a sem conductor ceicqg/d@y¥isi®ooos
a first dopant concentration extends al ong the

| ongifey capgaélt@eﬂd%ftﬁ@ﬂhd&g@g@enen Jf HRINARAHIGESF stak&hﬂe forms
havi ng a Second opant concentration al so
ext dmoidraiml afitbe FRE. Iongltudlnal axis and encircles the
sem conductor core; selectively renoving a portion of
the sem conductor shell froma mddle section of the
26S € MThHE MBI Osf HifIZ4, Warther TOmphidingFofBIRR ntitdl LoRRktsi o¥er the
of the seniconductor shell enC|rcIes a portion of the
semisewsel aed daincefrthe BETt wo t erni nal sections at
opposite ends of the mddle section, but not at the
m ddl e section of the sem conductor structure; and
27f or mhe@nethdd &fl dainf 15; Ghrthier 208ipsisidg ok bf ndré amealing steps to
sem conduct or. structure, wherein the FET copprises
s ou @ meishsibiaidgdaysrebet cethemglal aonfackAnddbs Fee g drain
the ? Eofduct or structure, a channel located at the
8 e sectlon of the sem conductor structure, a drain
Iocated at the other of the two term nal sections of
the sem conductor structure, and a gate structure over
a portion of the sem conductor core at the mddle
section of the sem conductor structure. 23. The nethod
of claim 22, wherein the portion of the sem conductor
shell is selectively renoved by: formng a patterned
mask | ayer to selectively cover the two term na
sections, but not the mddle section, of the
sem conductor structure, wherein the portion of the
sem conductor shell to be selectively renoved is
exposed at the mddle section of the sem conductor
structure; oxidizing the exposed portion of the
sem conductor shell to forma sem conductor oxide at
the m ddl e section of the sem conductor structure;
sel ectively etching the sem conductor oxide; and
optionally, repeating the oxidizing and sel ective
etching steps until the exposed portion of the
sem conductor shell is conpletely renoved to expose an
underlying portion of the sem conductor core at the
m ddl e section of the sem conductor structure. 24. The
nmet hod of claim 22, wherein the gate structure
conprises a gate dielectric layer and a gate conductor
| ayer. 25. The nethod of claim 24, wherein the FET is
formed by: formng a gate dielectric |ayer over the
portion of the sem conductor core at the mddle
section of the sem conductor structure; and formng a
gate conductor |ayer over the gate dielectric |ayer at
the m ddl e section of the sem conductor structure,
wherein the portion of the sem conductor core at the
m ddl e section of the sem conductor structure, which
is covered by the gate dielectric |ayer and gate
conductor layer, forns the channel of the FET, wherein
one of the two term nal sections |ocated at one end of
the m ddl e section of the sem conductor structure
forns the source of the FET, and wherein the other of
the two term nal sections |ocated at theother,
opposite end of the mddle section of the
sem conductor structure forns the drain of the FET
26. The nethod of claim 24, further conprising formng
netal contacts over the source and drain of the FET
27. The nethod of claim 25, further conprising one or
nore annealing steps to formnetal suicide |ayers
bet ween the netal contacts and the source and drain of
t he FET. 20



