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A STACKED SI LI CON- GERVANI UM NANOW RE STRUCTURE AND A
METHOD OF FORM NG THE SAME Fl ELD OF THE | NVENTI ON

WO 0@82497dhe present invention relates to the fPE/SGIN7/000423
nanow res, and in particular, to stacked
silicon-germanium (Si Ge) nanowi re structure and a

A ﬁ%@é«:ﬁfsmi’cmm@m NAROWERESTRUCATURB AND s
relates to a gate-all-around (GAA) transistor
conpri si ng tMERIQDEH EQRJ\H&‘I‘G& B3AME nanowi re

structure and a nethod of form ng the same. BACKGROUND

OF THE | NVENTI i ir unique
properties, semﬁi‘gﬂ%gﬁm&ﬁw are energi ng
to be a major research focus in nanotechnol ogy area.

Nanow r e- based MOSFETs are projected as the candi dates
[0008} erfdheqiresehicinyeniipelatrs P Shsstield of oppe e, ﬁﬁg%ag}%cﬁan to

because the EQyi t ' ;
stagfit e orHEr B (R Gy R sy B Ef AT W hbof itomine the
safi8 qye- plds&e Mnvoanibuc ulso rémewts es gateedil-avund pErA A}y uragsistor

solid mechanism Metal O ganic Chem cal Vapor
comppisingt then sty iCe- SINAN YR | NAPIHHHC it P 4 @thod of

I -beam epitaxy (MBE), for exanple have been

fmlr}{glﬁgﬁge%h}eg publ i cations. These nethods include the

gold (Au)-nano cluster initiated nucleation for

axially elon ' i ires with

i -CGe shell [gg&%@%&ﬂé#ﬂﬁ WEMWS. Lett.,

84(21), (2004), p. 4176] by Stanford University group,

and Si_shell [J. Xiang et al., Nature, 441, (2006) &,
[00029)] , m?vaggggnﬂam yragisr peaperipsHapispadugier, apaqwyiges’ (NW) are

r oup. Typi cal Iy, ese r,an 1
e e G

MDBERTS GHESrofjdtddndsaBé airiliddiantotr Bndrofitheoedme deviees for EMOS
for achieving specific functignalities. Sone

: f the
tecp}@@}qg'bldm@guqeetﬂjgy ﬁ)ganqleoiaxqeﬂ!s@‘t (ﬂgﬁi}i&)@%c fte c?)qtﬁq(i efﬁotgg channel.
V%o%%ﬁmetﬁn?%g&?%%ﬁ& %F&ﬁlghr@ﬁ: 588 6RR8udt S MndwiRsl Sach lds vapor-
liquid-solici mechanism, Metal Ofga.nic Chemical Vapor Deposition (MOCVD) or

Chemical Vapor Deposition (CVD), Molecular-beam epitaxy (MBE), for example
have been reported in publications. These methods include the gold (Au)-nano cluster
initiated nucleation for axially elongated Ge epitaxial core nanowires with i-Ge shell
[A. B. Greytak et al., Appl. Phys. Lett., 84(21), (2004), p. 4176] by Stanford
University group, and Si shell [J. Xiang et al., Nature, 441, (2006), p. 489], as recently
reported by Harvard University group.

[0003]  Typically, these NWs are randomly spread over the substrate and it requires
complicated techniques to integrate them in a device architecture for achieving
specific functionalities. Some of the techniques reported for this purpose are ‘pick-
and-place’ with atomic force microscope (AFM) tip [G. Li et al., IEEE Intl Conf. on
Robotics & Automation, 428 (2004)], liquid suspension, electric- or magnetic-field
schemes [M. Law et al., Annu. Rev. Mater. Res., 34, 83 (2004)], or fluid flow [H. Yu

et al., Science, 291, 30(2001)]. However, such processes still lack control in precision,
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Robotics & Automation, 428 (2004)], liquid suspension,
el ectric- or magnetic-field schenes [M Law et al.,
w8/ 06Rey. Mater. Res., 34, 83 (2004)], or flepeTSGR00W000423
[H Yu et al., Science, 291, 30(2001)]. However, such
processes still lack control in
repB4tS6ilisy, Afd ENRALFDI addition figkss aadtiaddislard Sar fioin einigtcapable of
these nethods aré far from bej ng capabl e of buil ding
buihding wancavirenafiwetk in g 39-sterk eendigurationiiy ap grdesly menngh
orderly manner. [0004] Several attenpts have been nade
to address these problens so as to enable integration
[0004] NaRewéralesteiiptehaiebieee e b hddrtssrthese/Amoblgsts sphaerte enable
~are multi-bridge silicon channel devices i ch_hav 4 brid
integratior QbmapeVEe W rlesicearshiterPe ARonesy Eem ats uia nage
2k at t i ' i ggfidal layers.
sitighif il Eoch ARIEH g et i L W STl neircial Jay
Unéted! efitafee dPdiyntf Applicagion 200640024834 rdisdlesee amlti-bridge-channel

bstrat e t hat | udes channel. | q
MONER ANBFGRRT) wpih e Be AR HEinind St igpotore on 2
subsBYE! fat HCRNED EnALElalk BB iR¥rchahRe ldyes Mtéi‘ﬁ@dé'd ngtwéea the

stacked structure. The trenches run across the stacked
chatnelitayarse Tpauchds| szt formeddushsebackiuely atehing fersiacked strygtyge. The

st.acked portion jncludin h e
coRe ERTEE (B prEr o RN JRLUE) € PALTRRr 20 separtc o first
stalcR&d WoHRG GRRANGY cididlel phttsrahandehtetayand patwaisniiom second

both"sides of the first stacked portion. Fjirst source ¢
stagefl portions inclyidingschaneel gpd Herchangl LyPEIEmpRIRG PR ﬁ%ﬁlaﬁldes 0

rowt h. .The fir St Al i k| lecti

o PR gl FiRP b8 308 AR Rl B9 BEphh spPsclctive
eplt@@hopevdel Tiefrsbyourbe asé derinl regiank &t thettendrs.and connect to

Mar gi nal sections of the, interchannel tterns of t .
segqndstousscaencbdraib regions datined diveths srepyd E_%ﬁ%%cfeaw?ﬂ?-oﬁ%’f%mﬂ
sebtifil eé)ﬁ 11 %’lltgﬁflﬂ:ﬁ@l R%ttéﬁg et tneeliyst  fARGH NEortiBR are selectively

C patterns of

I'nter channe the first stacked portion
expegidnnilmoughi tinnelse aex fused barsglastivelyeramaieg the gnterchannel

t hrou tunnel re surrounded the fjrs .
o Y oS AR Y by S0
thxfoﬁ?ﬁr%’n&lsoﬁg sWrblhddd B3t 8e diretl sogicei and| dayi@rregiohe agditie channel

filing the through tunnels and extending o

_ : , ! n%g the _ . h

paftemst As gatekiedfopoed ialomg WO OB paterdiekatris layes theeaif filling the
Appl i catjon 20064009148 [ field effect

thcg H@Fkranfiﬁ difRonf Iﬁ%ﬁglfr%g{eas 5 (gggdﬁ'apart sour ce

and drain regions disposed on a

[0005] United States Patent Application 2006/0091481 discloses a field effect

transistor (FET) which includes spaced apart source and drain regions disposed on a
substrate and at least one pair of elongate channel regions disposed on the substrate
and extending in parallel between the source and drain regions. A gate insulating
region surrounds the at least one pair of elongate channel regions, and a gate electrode
surrounds the gate insulating region and the at least one pair of elongate channel
regions. Support patterns may be interposed between the semiconductor substrate and
the source and drain regions. The elongate channel regions may have sufficiently
small cross-section to enable complete depletion thereof. For example, a width and a

thickness of the elongate channel regions may be in a range from about 10 nanometers
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substrate and at | east one pair of elongate channe
regi ons di sposed on the substrate and extending in
W@analsshs bet ween the source and drain regi onsPCHSG08000423
i nsul ating region surrounds the at |east one pair of
el ongate channel regions, and a gate el ectrode
to SIBbHO YD AinbReteBAl Bhd BOHERE | dh@ndhie? He@idndNflay Maveatrolmird! cross-
one pair of elongate channel regions. Support patterns
seam:}jnsbe.gi,rﬂaeh pﬁstédddb@tgnéeﬁhﬁtnﬁél sesiensomaidiaye apy pUipfigalecross-
n e urce an | i : c
seflilf GHE Dot r AP ALPt o elE FhRERL oy SRS B Ry of
sta@ﬁ@&%aﬁrsczﬁréwngh@ cHeplebtdgionst her eof . For exanple, a
wi dth and a thickness of the elongate channel regions
may be in a range from about 10 nanonetersto about 20
[Od?)%ﬂon% el sthig fﬁt&ﬂggﬂoglimﬂn%(ﬁ/@ﬂ'@ﬁﬁ dBfoR8VE field-effect
rounded crosssections, "e.g., each of the elongate
tra?ﬁamekll«“E"E)giwﬂnls aayoundwhapad eldnbpitec ahamrebs ssdca i msthod of
e at | east_one pair qf.elongate channel regions m .
mapachigéng ths BER) fiftg ;PTBYIS%Q-a%RCé’%B&i tPst%sfmgﬁhsﬁ% Spece 4hd drain
: I ' . i { Al imi
e PR O S B b Aftale, 2 Ry M priminary channe
regibansd soupled B&EWeemithd seurco and-dedinpegionsinbhg peelistiapiethannel

and a nmethad of .manufacturing the FET are '
TegERY AL FiEh oalt e etk Hampeis 10#85%‘8?%%%%&% g form
FEP CA%fhePRogfons SHe T dhdride] foghsikavig Asibstindibily irodlar cross-
relimnary channel regions i s coupled between the
sestumal:shaand drain regions. The prelimnary channel
regions are etched, and the etched prelimnary channel
regions are annealed to form FET channel regions, the
FET channel r qiiMMARIVOFTREIDNEANEION |y circul ar
crosssectional shape. SUMVARY OF THE | NVENTI ON [ 0007]
I n one enbodinent of the invention, a method of
[Oé(Pir] m ng (ﬁlesehﬂ)%hﬁiqerﬁ ok tHeAROSHFTR N HARRANIbARING laf stk bd Silicon-
on“"a support substrate is provided. The nethod
gdnmahiude siahorine raruatust ok e dsuppordcsubstatenist heovidedpoihie method

ingihac gt & PRPBR SETUE Tbia “RE TPRFUR ot e RES fpructure
cgRRld 8P ohdBhamhaNAG: dnd Ve lcasf QidiinR@clanhélMayer deposited on

structure fromthe stacked structure, the fin
the tcharoteli tayer; forming a fin structure from the stacked structure, the fin structure

comprising at least two supporting portions and a fin portion arranged there between,;
oxidizing the fin portion of the fin structure thereby forming the silicon-germanium
nanowire being surrounded by a layer of oxide; and removing the layer of oxide to

form the silicon-germanium nanowire.

[0008] In another embodiment of the invention, a method of forming a gate-all-
around transistor comprising forming a stacked silicon-germanium nanowire structure
that has been formed on a support substrate is provided. The method of forming the
gate-all-around transistor further includes forming a second insulating layer around the
silicon-germanium nanowire; depositing a semiconductor layer on the second
insulating layer; forming a gate electrode from the semiconductor layer; doping at

least the supporting portions with a first dopant.
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conprising at |east two supporting portions and a fin

portion arranged there between; oxidizing the fin
w@orosientedf the fin structure thereby form ng PEESG2007/000423

si li con-germani um nanowi re bei ng surrounded by a | ayer

of oxide; and renoving the |ayer of oxide to formthe

silicon-germani um nanow re. [0008] In another

enbodi ment of the invention, a nmethod of faqrm.ng

r a .
[009} e- & | aothen ceratroditenit of tedABYNEPRg 2 YRTkeAgSIHO gErREg™

Si |icon-ger mani um Nanoy r. ] .
T R R L e s S
inQhads @ HbpEHt bltart e stkckedfin vitactreanmingédon ther support substrate,

i ncludes formng a second.insu| ati ng | a eé around the
WhSFAin stk S WA ERINPTESCS eS8 ARG ASP<L LAeE BRUCICER one
. layer i ' i bi@rifesOatiBast two
int gD e BB RL P e KA AR furtief S
supRAtihg tpoeticisppal bt lepspont | Hheonwgermaniufi mgpowire arranged there

opant.[0009] I n another enbodi nent of the invention,

bevegnacked sili con- ger mani um nanowi re structure is

provi ded. The stacked silicon-gernmani um nanow re

structure includes a support substrate; a stacked fin
[0010] uctInr @ farthen gmtodimenhof sthp pioventinm st 2ateeall-gieuped | trpnsistor

CO%}]ra})giﬁﬁngﬁﬁlé g‘gtglfféﬁﬂ E()&ltilg%tﬁgiu%‘g H%olvg'l S st ct&r%qs&)rcg\e(gerd. The gate-

ne 1'nterchanne
A96808 HEEsifbr hitthes NACINGEs 4 A¥eondaidulbtifig Neyer coomrd tessilicon-
at least two supporting portions and at |east one . and
gesmbnismrmagewirarsd gate Alepsaderrosiionsh guer the seceng isplaipg layer; an
0010 n fur di ment of the invention, a
‘“&??%W%V#Tgigﬂﬁgkﬁgé%éls or conprising the stacked
silicon-germani um nanowi re structure i s provided. The
gateallr around transi stor fuyther includgs a second
[oéﬂgu' af NSl ANRE BBt fllvshifre STdriowe NG APy Wihainents eof the
a gate el ectrode positioned over the second |nsulat|n%r
presepinyertinh. Hovlewers it showld depetpdshaihe pregent pryentign s not limited
0011] The fol l.ow ng.fi.gur ' . i ous
to R AngY emaatiRan LupfhE R o LUENGRE Rt O
However, it should be noted that the present invention

is not limted to th | nbodi t
: | | ustr alt rdniBIeEF Dﬁ?@@&ﬂ%@rﬁpﬁ%@%@ﬁ&%@

[0012] Figures 1A to 1D show a process flow of a method of forming a stacked
silicon-germanium nanowire structure on a support substrate according to an

embodiment of the present invention;

[0013] Figure 2 shows a flow chart of a method of forming a gate-all-around
transistor comprising forming a stacked silicon-germanium nanowire structure that has
been formed on a support substrate according to an embodiment of the present

invention;

[0014] Figure 3 shows a cross-sectional view of a plurality of multilayer stacked
fin structures arranged on a buried oxide (BOX) layer according to an embodiment of

the present invention;
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] Figures IA to
I D show a process flow of a nethod of formng a
W@ @skext6si | i con- ger mani um nanow re struct ure PCI/&G2007/000423
support substrate according to an enbodi nent of the
present invention; [0013] Figure 2 shows a flow chart
of a nmethod of formng a gate-all-around transistor
conprising form ng a stacked silicon-germani y .
lﬂﬁié]govviFrigu'st 4 BbOWE @ Crss-serliongle IS Of r?eﬂa@??da“g]&%g?lfnamum
substrat e accaordi a [ ]
naf B TSRO G e RS E Ry SHEe 0 inddicht SRARE present
invn@Bh,0f a plurality of multilayer stacked fin
structures arranged on a buried oxide (BOX) |ayer
accgg?lng to an embodi ment of the present invention;

. [ yil é!EHME _- i 8'1@’ i f oy _
[Ods]t%_gckeFd %‘F’I ?g%oﬁgsgaer mani 5 %1{?&%%3\? 1?13)%2:(% r UCtEllj\)P eﬁfg1 t eorf & silicon
getirtadi moltizayensuckal stoucare ewbodingetot aro rbedingsnt gé e present
. invention; [0016] Figure 5 shows a scanning electron
nygngpBscopy (SEM) i mage of a siliconger nani um

mul til ayer stacked structure according to an
enbodi nent of the present invention; [0017] Figure 6A
[001Tpws Big®ENGA shges of SEMrinlage 08 panuléilayek sigckqdntin structure after
structure after fin etch an e ' .
o e Sl e BB SRR Bt Tigure o
sheFMal SBACintige DR I?lﬁ@ﬂilt}t yf afultiteydri diaked fist anicaded after fin etch
structures after fin_etch and clean according to an
andrebeadianendingfto amempedigicnt of the BISFEANYWEEB] Figure 7A
shows a SEMimage of a nultilayer stacked
silicon-germani um nanowi re structure after oxide
[00 18] easiigacCPA Ghows b GEM imagodf aendtilafert diecked edigan-germanium

i nvention; F /B SEM i '
e ke LA 2 2l 2 ST A MTEL o
ini%fgg% E'féﬁtr@fg?%thﬂ&§ b AN S eSS 6F @?E@eﬂﬂy B8 nfudilafer stacked silicon-

e present Invention; .
germanium nanowire structure after oxide release according to an embodiment of the

present invention;

[0019] Figure 8A shows a Transmission Electron Microscopy (TEM) image of a
2-storied vertically stacked silicon-germanium nanowire Gate-All-Around Metal
Oxide Semiconductor Field-Effect Transistor (MOSFET) according to an embodiment
of the present invention; Figure 8B shows a Transmission Electron Microscopy
(TEM) image of a 3-storied vertically stacked silicon-germanium nanowire Gate-All-
Around (GAA) Metal Oxide Semiconductor Field-Effect Transistor (MOSFET)
according to an embodiment of the present invention; Figure 8C shows a
Transmission Electron Microscopy (TEM) image of a 4-storied vertically stacked
silicon-germanium nanowire Gate-All-Around Metal Oxide Semiconductor Field-

Effect Transistor (MOSFET) according to an embodiment of the present invention;
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[0019] Figure 8A shows a Transm ssion El ectron
M croscopy (TEM inage of a 2-storied vertically
W@ e@skexd6si | i con- ger mani um nanow re Gat e- AU- Ar BUIISG2007/000423
Met al Oxi de Sem conductor Field-Effect Transistor
( MOSFET) according to an enbodi nent of the present )
[0028) entFigure shywse BiMsmage aed Fnergy Mispeirvve Ehag (EBX) analysis

M croscop T i 0 -storied vertically.
of GeSRRRERL YorcE gl b e hrRalish o e 5 Shkptiment of te
présefAnvdition] Oxi de Sem conductor Fiel d-Effect
Transi stor (MOSFET) according to an enbodi nent of the
present invention; Figure 8C shows a Transni ssi on
[OO%llfC.t rlﬁg\]lljxl 10/ k8 %yflﬁlﬁ%ﬁé Wnﬁfga@ S ﬁ’lfdkﬁgss and nanowire
verticafly stacked ‘siliconh-germaRi~um nanow re
wiBht aeedidingAb au rehbbiinadnt Okihd préSent inoemdiont or Fi el d-
Ef fect Transi stor (MOSFET) according to an enbodi nment
of the present invention;[0020] Figure 9 shows a TEM
[0028]0€ F?%\ﬂ'eEﬁeQﬁ)évsg BPeL ShiBotristh¥ &P R ¥ifibén-8frmanium
ger mani um concentration in the nanow re accordingto
nagowigerpatinmsh MOBSFERevigh @ yerticallnvteplddoh najdydge buridlg aceording
10 sho a TEM i nage .show ng gate oxi de thickness and
to ﬁ%ﬁ%&?&%ﬂ%&%%@%ﬁdﬁ“ﬁ&%‘& an embodi nent of the
present invention; [0022] Figure 11 shows a I D VG

characteristics plot of a GAA silicon-germani um )
[0023howiligurs-12hdhoms|a woBe Elrarastensties \iottafaaGA siligerk gerngmium

oS LN SRE ) 190 S0 I by crin

to afamBedigtchséf the pfsait infenioAA si | i con- ger mani um
nanow re p-channel MOSFET with a vertically stacked 3
nanow re bundl e according to an enbodi nent of the

[Oiﬁﬁgse'ﬁ VBN H A a iDQQ%%ﬂxaré':At‘%\Hﬁfc :ﬁotm\"@ﬁ LiRedBoermanium

ch ract%rl stics plot of a Sl |SI con- ger mani um

nananioe\iprchapre KOS ETVOSHETwo tentically steckedcdldapowirachedle (6
3 nanow bundl e (6 napow re bundl e ccording to an

naEP A cEFORHRE th e SR CIepL At T T e g Bty o 14
shows a I D-VD characteristics plot of a GAA

si | i con-germani um nanow re p-channel MOSFET with two
(0028} t | Fagury Ik howed: B-Yimcbatieteritiien et qfe GAA silicon-germanium

nanowire p-channel MOSFET with two vertically stacked 3 nanowire bundle (6

nanowire bundle) according to an embodiment of the present invention;

[0026]  Figure 15 shows a Ip-Vg characteristics plot of a GAA silicon-germanium
nanowire p-channel MOSFET with five vertically stacked 3 nanowire bundle (15

nanowire bundle) according to an embodiment of the present invention;

[0027]  Figure 16 shows a Ip-Vp characteristics plot of a GAA silicon-germanium
nanowire p-channel MOSFET with five vertically stacked 3 nanowire bundle (15

nanowire bundle) according to an embodiment of the present invention;

[0028]  Figure 17 shows a plot of subthreshold slope (SS) with gate length (Lg) of

a GAA silicon-germanium nanowire p-channel MOSFET with five vertically stacked

6
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nanowi re bundl e) according to an enbodi nent of the
present invention; [0026] Figure 15 shows a I D VQ
w@hb@smet7es i stics plot of a GAA silicon-ger mani BET/SG2007/000423
nanow re p-channel MOSFET with five vertically stacked
3 nanowi re bundle (15 nanow re bundle) according to an
3amhowirawnhdle§(15 hanew s 8BAdILYWRBEdiIM o hPBRBbAiklaH b thESpresent
.shows a I D-VD characteristics plot of a GAA
Igiepfiesn- ger mani um nanowi re p-channel MOSFET with five
vertically stacked 3 nanow re bundle (15 nanow re
bundl e) according to an enbodi nent of the present
[6029%ent Figure [18GRBYs &bl bethicsheldomsta Wﬁ% with gate length &5&) ofa
Gsé%threshol d sl ope (SS) vvithegate engt. &‘Lre of a
SUGAD-GermARINTR MARAHBGPrbapne MASEET wodr Eve wettisally stecked 3
. P . 5 e
e ndle §1 ARARAALIRILY SocPH % o RRRILL ot the present
mjvantem i on; [0029] Figure 18 shows a plot of threshold
voltage (VTH) with gate length (LG of a GAA
silicon-germani um nanow re p-channel MOSFET with five
0080]t i CRiduye 3026586 23160HOMIS: i oW
[ bun]qll e) dacc'or di ng tgpan enbggﬁlﬁpeg%hg?&ﬁéq%%ge&nﬁh number of
naneyares peterding ¢3@) embedimentlef thtypreserd imlentiomf sat ur ati on
drain current (IDSAT) with nunber of nanow res
according to an enbodi nent of the present invention;
[0D3031] Figuge! 2@ sROvSH P of trhRbn@fctdnca R aanes
Wi Lh gat e vol t age (g/Q) of a p-channelr(@flé/%sFE for g&gM/G) of
EX Y WEM%E}%T ffa veaviBampabeeiasnawirgs aesorting teoatémiodiment
oﬁﬁe%/fé@erﬁ"i&%ﬁﬂ&n-i nvention; [0032] Figure 21 shows a
| Q VG characteristics plot of a GAA silicon-gernmani um
nanow re n-channel MOSFET with a vertically stacked 2

[Ogﬁjowi ie bugﬂl e accgEg)' ng to an enbodi nent of the )

serfIEFS, &h RS @ bt hetgcispstEr) Pof efe GA Aisiticon-germanium

nanbWERH-EMnh AOGISFRreR %r%r@émg%'ta[&% 5 Bhodird bAGKE qaccording
silicon-germani um nanow re structure, a

togacabaiiment ofithe presentsingemdionconpri si ng t he st acked
si li con-ger mani um

DETAILED DESCRIPTION OF THE INVENTION

[0033] Exemplary embodiments of a stacked silicon-germanium nanowire
structure, a gate-all-around transistor comprising the stacked silicon-germanium
nanowire structure and their methods of forming the same are described in details
below with reference to the accompanying figures. In addition, the exemplary
embodiments described below can be modified in various aspects without changing

the essence of the invention.

[0034] FIG. 1A to 1D shows a process flow of a method of forming a stacked
silicon-germanium nanowire structure on a support substrate according to an
embodiment of the present invention. The method starts with a silicon-on-insulator
(SOI) wafer 100 as a starting substrate in FIG. 1A. However, the starting substrate is

not limited to SO, it can be bulk Silicon, or other relevant substrates depending on the
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nanowi re structure and their nmethods of formng the
sane are described in details below with reference to

w0 b@sacwehpanyi ng figures. In addition, the exeepb@r0p7/000423
enbodi nents descri bed bel ow can be nodified in various
aspects without changing the essence of the invention.

ap%l?&?éﬂxs. T islded @s R sxhRpR Rr FhOERESy bf dwdctiption i tHeoptesent

f form ng a stacked sillicon-gernmani um nanow re
application.iFlee 90! swasar98rinclydassa seamigondustor diewige dayes 401 separated

mbodi.nent of the, pr ' ' :
e RASRT sioEGR 0L o B 53 he bl sttt
laykh 308 The BOX! 1agére103 efebEcall Aisdiiteevier detibe lateartilngom the
substrate is not limted to ﬁg it c? be, Qu] k
Suﬁqrt @B\l’f’ﬁ_;tfaéﬁ 182nder 2Pbveafer d0Bspruts %gﬁéﬁ‘gi h}j Py standard
H0HEE S 0 0o 5, Tt e
(SBADXYaédhiqle OThe®OLidefer 206 eani alsmbkicansidershasaesuppgré pubstrate.

101 separated vertically froma support substrate 102
by an insulating |ayer or a buried oxide (BOX) |ayer

[0(%5%@: ThenBE st 2%E bmbOBnRhe6F theGAvdnYioh $R FRGE3AL iR device layer
evice layer 101 fromthe support substrate 102. The

1083Gs typicelly S0 Gubenaybee fetbradciomdanyy seitpples semigandpctor materials

inGI B PO B e Sephiog (GER5 B (Go) or
sili%%genﬁgﬁuﬁq%i g].s@h@@ev@@’la' & €108 dn#BSbabdUPPEY Angstrom thick but

S rate. [0035] In the illustrated enbodi nent of the
is i ot exot fiomteiln THe Guppart suRaraiei0Zemayyes famed §om any suitable

typically Si .but. 2 - j - 1
setnfBsian melsr e SRdingCout JoF eich WE Mpiitie, Poblicon, sitcon
oxid®d ys_ils)jbj b€ Silicory althide! (lSigﬂ,ﬁ)emhel B QXA A, 10geis nmnaliymag Gadulating

or silicon-germani | Si T devi I .
lags. ThOHOF ARGt FomPieF B BuPu Ste SERFR By pable
ingﬁfﬁﬂgﬁl SHRS tX A End Yt REMiREed ©F BBy MR ANKaBUTBUY)ESilane

sem onduct or mat erial s incl udi ng, but not limted to
(Sﬂ!Li)2 sisip@h @nitﬁ'gita 0BibY i dri siliwon edrbide dRi@x The REKdpyerot03 may be

Si nnitride. (S 3N4 The . BOX | 103 | [
ot | 8Bty it Sk BBy er 103 15 typi oal 1y

Si2 but may be fornmed fromany suitable insulating

materials including, but not Iimted to )
[0036]r acAsptfaes Ploan blep anay bereamapd ost FatheR €4 au) hydspgencRppride

(I{Fg;}érl}odri@(g %Pg%g%en% | c{eipgsq{foﬂ:. aégljltgﬁil{aﬁ.{s%resém CoB®E surface of
silicon wafers at the start of processing, or accumulated during processing, have to be
removed at specific processing steps in order to obtain high performance and high
reliability semiconductor devices, and to prevent contamination of process equipment,
especially the high temperature oxidation, diffusion, and deposition tubes or chambers.
The RCA clean is the industry standard for removing contaminants from wafers. The
RCA cleaning procedure usually has three major steps used sequentially: Organic
Clean (removal of insoluble organic contaminants with a 5:1:1 H,0:H,0,:NH,OH
solution), Oxide Strip (removal of a thin silicon dioxide layer using a diluted 50:1
dionized-water H,O:HF solution) and Ionic Clean (removal of ionic and heavy metal

atomic contaminants using a solution of 6:1:1 HyO:H>O: HCI).
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about 1500 Angstromthick but is not so limted.

[0036] A surface clean step may be carried out with
waemsaedehydr ogen fluoride (HF) prior to any sPOBSGLEND00423

deposition. Contam nants present on the surface of

silicon wafers at the start of processing, or
[O(Bﬂ¢urru$ﬁ¢retﬁe dmrfawgclpmmiqssuhagnel hayee 104 apd inendmsueldayer 106

mpy ol &ée?iﬁgf;'pﬁ?tgﬂ‘c’t e &eéghqlgg}%g%‘@mw%ﬂ Ultra High
V&%Mmcéﬁemﬁgﬁv‘éﬁorpbwmoncmvmt 1eBRtoP bt Rli&ap&ature of about

equi pnent, especially the high ténperature oxidation,
600F fhd) stﬂ@mng aibahed8i¥bs et Wrand atnembanation pfthetle andrpeynRaA(GeHs)

foré gﬁ?eam eI n\ﬂﬁf Iy st cé(eﬁ ﬁ‘ggtﬁfy&zi gnﬁfﬁg glgr 01‘8 I;llustrated

ensb%uﬁhéﬁf dﬂ@%ﬁe itnbélﬁﬁ)nrmJFIG 1BefR dhamik] S8R 204 iedybieally Si and the
anic Clean (renpval of insoluble organic

m@ Bl d@mswﬁnls fypicably1Gq bppuptgecimiged (far detterdeorn be SiGe,

SR T et ) O Bl
Tindickoess of ChenBi dhaanaayer dD4 ivahout 40 dmhbﬂ\/ly noeta@limited while
o i SRS A it P
the R%GhH I%P/ﬁétflqaﬂé%tﬁﬁﬁ ’G@L«l t{xfa}é g él[gt%x od3€s if the respective Si

al ternat 03|t r 100 using a
chamedi mm Iahd Uetln'&rdl‘llagﬂrﬁl \‘196 dmﬂtre m:laaVelyﬂpd: Depusr-itepprocess

oS5 o) RS B S B S0 v 06

be%r@”gr@km& SET 0L el {hanh @ ayir G 6t qrhEF ?)hfpdsb ®f buffer layer is to

mul t'i | ayer stacked structure 108 in In the
provifle ot gradisg asrttsosition firons fong lsemiqpndeatpisiryaiure| te the gther when

hannel Ay, 041 {eC l e
i PR P et G Rl S4¥, Gl 5 fgmatcty. The
bufferidyeels (4taee bdh‘staﬁﬂﬁﬁlally&‘ﬁlllﬂ@etﬁbéfﬁthevdir@h&ﬂl%djacent films, so the
Ge-concentratign as deS|gned for concern of fin

migpgichenta Biege pdaennt Siened) be fere i el bfneélafzéﬂcaéu stress in
th%ﬁ%}ﬁ loﬁ ?ﬁy{?df'tal ]sga% b8 ARRO W mAfim flayg}rl nak gﬁffell id gbxt Rduces

eac G ntercaannel I's a
thé Btrevnchudediby thofatdee mismatcdbet@awthle reépet:ﬂnvsc Sechannel layer 104

| t t i t
o s B el 0T U o Che NN & SLe ARl s 104 and Ge
infefinBhicdl a2 1106 08e kﬂeﬂXtW ﬁ{lﬁ heh ad ¥&o¥itfolli Ftkhe hhitional SiGe

t wo-step process i ncl udes deposi tion of an additional
buffer faysr 1Bey babpiéonal, ainee thonthirhleySihas bess aieess Iferge on tigzjothers.

[0038]  After the Si channel 104 and Ge interchannel 106 multilayer deposition, a
photoresist layer 110 is applied or coated onto the top surface of the multilayer stacked
structure 108. The photoresist layer 110 is then patterned to form a fin structure 112
including a fin portion 114 arranged in between two supporting portions 116 by
standard photolithography techniques, for example 248 nm krypton fluoride (KrF)
lithography. Alternating-Phase-Shift mask (AtPSM) may be used to pattern the
narrow fin portion 114 which may be about 60nm but is not so limited. Subsequently,
using the patterned photoresist layer 110 as a mask, portions of the multilayer stacked

structure 108 not covered by the mask may be etched away by a suitable etching
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before growt h of 100% Ge interchannel |ayer 106. The

pur pose of buffer layer is to provide a grading or
W e@s®6976N from one sem conductor structure tRCT/B€2007/000423

ot her when their lattices msmatch is |large (for

exanple, Si vs. Ge is about 4% m smatch). The buffer
procegesuol dsatdry ethingmyocass farsyainple readtive-ipeetobing RIE) in Sulfur
Hor'gi nal S%Cq acent films, so the m smatches to those

?ﬁ#l?ge?( P¥ms can be less, thus the overal

mechani cal stress in the systemof the total stacked

ilms is mnimzed. Thereby, the buffer |ayer reduces

f Dy ]
[0639% stlndd6. d&usaepubpntipeltilayer stacked fnsiruchrp dd usempripiag of a
r t ' I er 11 Lnte e .
] AP P R Sk S QA0 LD St
suppbitiag gofoni1Ibas dimped oh thaBOX kY6r 103k Thelfal pordby 11dikcts as a

then the deposition of the additjonal Si Ge buffer,
brydgg @pfq@agh%@smlw@) AEAPOT g RAstIeNRel kon il he supnortipgROrfigas 116 are

ty@%lﬁﬁlgfaé [ih QQ/iﬁé?%iﬁEﬁk%rﬁwhérp aréd {o8he ?ig;})eoﬁion 114. FIG. 1

04 and CGe 1 nterchannel 106 nul ti
shaep dsit ttheofin partpinol ek Bsirsingédainethe iiddlesbeiwpdn 8t teo supporting

coated onto the top surface of. the ltilayer acked .
POBS I CLifr AEEM0 Y hte isr i SPUGPSL 14 Sfefiot P FnEsbfpoads cther
Si&%ﬁt@ﬁﬁgsﬁgoﬁﬁg%ﬁi%1115_t ructure 112 including a fin

portion 114 arranged i n between two supporting

portions 116 by standard photolithography techniques,

00 AR A R 050 Sy R R v

110 3¢ tedidvell e sthippEDAwAY By pphdtoaRisl Stfippdti (PRSNBhoagedBGHipping,
60nm but is not so limted. Subsequently, using the

or (FEmpy Hesipt laRE sissthe) rgipevali ab uawanie toresastt lapsisirem the
. r‘ .
Wil BEMUES, (P URRNEE OF b HiPlofiPHEPitelds quickly
as pbsdiblngpithar aHowinghangsusact matetialhundgr fheqiessedigrto be attacked
exanpl e, reactjve-jon-etching (R E) .in Sulfur
by E??Ial&ﬁ%%e%ﬁ#ééls .@%ﬂé%sﬁ@]y i sglg 2 19UES [ Prgipsses may
aldpUbd hdeBYR orddras eshifld Breater YRk ibiify Lith FQPRIS fBGniAk of the fin
fin portion 114 arranged 1 n between and connected at
straefote enmiprisongatheefap pottionearsnggbint betgepotwé ewprordng portions on
thfgbgag on the BOX | ayer 103. The fin portion 114 acts
% "f'dge 1inking the respective supporting portions

116. The supporting portions 116 are typically bl ocks

wth a w der dinmension when conpared to the fin )
[0043} t i dhe1fia poptiqm 114 of the multilayer stacked fin structure 118 is then

subjected to an oxidation process (as part of the Ge condensation process). As
described by publication “SiGe-on-Insulator and Ge-on-Insulator Substrates
Fabricated by Ge-Condensation Technique for High-Mobility Channel CMOS
Devices”, Tsutomu Tezuka et al., Materials Research Society, the Ge-condensation
process consists of an epitaxial growth of a SiGe layer with a low Ge fraction on a SOI
wafer and successive oxidation at high temperatures, which can be incorporated in
conventional CMOS processes. During the oxidation (or condensation), Ge atoms are
pushed out from the oxide layer and condensed in the remaining SiGe layer. The
interface between the Si and SiGe layers disappeared due to the interdiffusion of Si

and Ge atoms. Eventually, a SiGe-on-Insulator (SGOI) layer with a higher Ge fraction
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shows that the fin portion 114 is arranged in the

m ddl e between the two supporting portions 116.
wWQ@\Raoenerss vel y, the fin portion 114 can al so beCT/SG2007/000423

arranged towards either side of the two supporting

portions 116. [0040] After formng the multil ayer

isSfoRfkE UTHel Ge Hrhétitat irtBe LEOI bR cph Ot @bRBHISd H)}aﬁﬁroxldzﬁlon time

is renoved or stripped away by a photoresi st S”'P
(qrnh@}mclm%ft of 8K7etGastGg mﬂCﬁ@trat@p i) fifieyfilm, g e initial Si
éxr 1[ehr? gsﬁnbeﬁac'usgq QH:?)# 0. J ec elﬁgxgtul?gh{? g@(ﬁrlﬁ?érsfs conserved

tltrbl@mhoﬂhemmlaﬁbnpﬁbeﬂsi al fromthe wafer as quickly as
possi bl e, without allow ng any surface material under
t he photoresi st to be attacked by the chem cals used.

obh‘zt hi g i?f%g &8y %@4 hes 166! Li@RlGe iagfeﬁ%%e%rpﬁomon 114 are

cesses e used I n order to provi de ar eat er
ol’nldmed fat hbduy 7ﬁﬁ)‘i for abggetminuteson dingxygen tawidritnFrom publication

BN oo Ce bk Pitrep bt MehatusliB FACREE lgitfec, Masatiro

TobPAd bt alh @xfelnaecmbittdm &flﬂe 2604 IeerAdtidnbl @¥Eferent@6k Solid State
fin structure 118 is then subjected to an oxidati on

mec%s@i I\@serpéa; floksyo,t 2084 D c?@ﬁc?élﬂs sttls &noywn deatdhg oxidgtion rate

)QG§ g &ﬂ(é? gsufglghﬁ% gliht féjp%fr | C Q@Hép&‘ﬁe‘% thé n)gldatlon step, the

G@&O@%ﬂ@l@%ﬂh}iﬁi\s echullly pxedifed lekligh -cMEbWirbi ysf Sharmdn addition,
CMCS Devi ces", Tsutonmu Tezuka et al

v et igbione By 106 gstsdptes oHgehide rdtﬁqadpweb%laa%é% purfaces
1?({ tl'Rl S@ﬁb& %é&ﬂxé &g(fn M'%ogrlﬁg(g% %lf @?Gl: Q’é’fflre n%&&hr@ sh%e%e to the

rac ion on successi ve oxl dation
Gleloghdérsmnmrlabtme SHightri Gb-coatentti Genmmoowoe ahete Dhtalned when the
convent onal cesses, Durin he oxi dation (or
fip oY i15 Fybiected 'Et BEE lqﬂﬂ%gﬁ‘%&t fromthe oxide
| ayer and condensed in the remaining Si Ge |ayer. The
interface between the Si and Si Ge | ayers di sappeared
[0043] to A mgchmarmuea!lmfg‘ step maydfe GirrigthduiGy tampesatures of about 750°

ol el plloRieom DA i se b B o bendline wia

dSsiibnd 8y ebort 1D Rem@eN bt eAdhe’npy¥raniie weredatd ad 1"eprﬁf-‘ theDErystal
the thickness of SiGe, Ge5 Ge concentration in SiCe

defestiy Thadlefackocauld arisg tifam thy imagdection; of Al depesitiens dnitial
mté%%%él}lggg? Tbtyeloﬁy %ex%t%ﬁuﬁ,%ﬂa%o&@%@ﬁwh? induced surface or

sidewall damages, for example.

[0044]  Subsequently, the oxidized Ge 106 and SiGe were etched using dilute
hydrofluoric acid (DHF) (1:200) to release the SiGe nanowires 120. But any other
suitable etchant can also be used to release the SiGe nanowires 120. The dimension of
each SiGe nanowire 120 is about 20 nm to 30 nm but not so limited. The diameter of
each SiGe nanowire 120 may be determined by the initial layer deposition and
oxidation cycles. The result is a stacked SiGe nanowire structure 122 on the BOX

layer 103 or support substrate 102 as shown in Fig. 1D.

11



10

15

20

25

30

t hroughout the oxidation process. [0042] In Fig. 1C

the Si 104, Ge 106 and SiGe layers in the fin portion
waesmewedxi di zed at about 750 for about 60 m PCI/EG2007000423

dry oxygen ambient. From publication "Advantages of GCe

(111) surface for high quality H Q2/ Ge interface"

[odds}ahi Sihsd QAN t6tfofh -a, gdtxtR NElechdARaisiA6t Sorﬁfmshﬂg tli?é)@técked
I nfernati onal Conference on Solid State Devices

Sifet nanpwirs  striigiige the paewipsprelease npy e folloped yoith 0¥1|45tgfowth

a
RS0, Sk o 3ol b B caion
preesd @ba amthehitme df&y&eﬁéengxbbuif 8010F yo aboudionetlot ‘eﬁu |O1\(j) cpmcmss to
wires of Si.104. In addltion during the ox

fonreeth@ ke diglestrionThe o fislackic By ety &4ty lﬁ/&ﬂ SFhie Sieh as
m@’i‘H& ﬁgg?lsk AN S (£ extMh1O ELANER @ﬁlcﬁ-l dI—HY)J” PR Bfnthanide

t he nanowi re surface due to
omdm déﬁa@b | Ahnpnicoessde AlgBgy biEmot mhmttedSN &, mavrsluctiee layer

T
oSS AR ot ok s 1

busmot ex limited| .yTHis isdollgeedly patteaning ahd aighinietof the eenrdustive layer

of abgut 10 m nutes.at ea dto
toy by i GRS o dtoaf g BPE Ml RGP ooy 155 hPend. the
mbXiafnk r‘%’cé &gt fi@MHéﬁt af phd.| The gaposidcirode dafi bé aleposited as
m smat chi ng of | ayer by layer stack-up, RLE plasma
ingansiratly Néﬁ‘tpeﬂn@lﬁ@’é‘@t é@tﬂft&h@eé ondhejdepng H@H}?&@ gxas pghal gates.
exanpl e. [0044] Subsequently, the oxidized Ge 106 and
Si Ge were etched using dilute hydrofluoric acid (DHF)
[0046]2003 utisequeatigathe stpyoriEhgregivm @lithesulidyer Btackehfin structure

ot her _suitabl e etchant cap al so g t I t

WGBTS B S S SPREM R EReTEl 15 Wak p dspest aout 4K 107

rﬁa'}?%&ﬁ 3520V %o fRAVEe %@sp@@ﬁn;eoso’ﬁgcéﬁﬁdb&&talrﬁfgglo‘ipfor a p-channel
imted. The dianmeter of each Si Ge nanowire 120 may be

MO Triraesdstdry Amlye)thmnsmtdﬂe pdyp;fr dfd@pbsidhl a@rahanmlum gallium and
is a stac

. Qxi dati on, cycl es. e I

nﬂg}%\ﬁp?ye alsp; be: a5eds ]?1%]96 tﬁ h@eg&owAvg rari O\ﬁlt%oruts l}/ 1ntel%t10na1
ﬁ?bﬁ@ﬁﬁls 182 cafbinhof SatElelictrdd? {yped bid &uﬁmmatwptédyfor the

orma gate-all around transistor conprisingt

soy(r@cmedram 1mp1ant define whether the transistor will be a p-channel MOSFET

transistor or an n-channel MOSFET transistor. To realize n-channel MOSFET

transistor in some wafers, about 4 X 10" cm™ dose of n-type dopant such as Arsenic

(As) at 30 keV may be implanted in the supporting regions. Any other suitable n-type

dopants such as phosphorous (P), antimony (Sb), bismuth (Bi) may also be used.

[0047]  After the respective dopant implant, a source and drain activation anneal
step at a temperature of approximately 950° for 15 minutes may be carried out to
ensure uniform diffusion of dopants in the gate electrode (if it has been doped) and in
the thick nanowire extension regions beneath the gate, thereby reducing the effective
channel length. The process of forming the gate-all around transistor comprising the
stacked SiGe nanowire structure may be completed by the standard metal contact

formation and sintering steps.

12



10

15

20

25

30

Si Ge nanowire structure, the nanowi re rel ease may be
foll owed by an oxide growh with resultant oxide

wa hiogkerses of about 4 nm but not so |imted byPEI/863007/000423
oxi dation process at a tenperature of between about
800 to about 900 or by a CVD process to formthe gate
dielectric. The gate dielectric my be any suitable
di el ectric such as nitride, high-k dielectrics (for

[0848inp| BIGia @ nshowisOxi fw (qapdpyf 2 paethpdret] Savring jad gatgeilcpsound
tr skstlt'or gomgrlsgl& f?l‘nlill% l(a)agltagrﬁeé {‘i g%qg%?m%w %%]Ib&)@}réo%mt hﬁ'g ﬁhat has

bded figMesidred brtt :hxbs@ate da&cdnﬂ)t@’ to Bheerabodimeni vé the present
S i

| ayer may be i con, pol i.con, anorphou
mwemtsnns dbg %hoﬁa?ﬁﬂa]P%‘?Spl\ﬁt 2)(’2 Jaithy %éﬁfl%%g %&00 comprising a

déc}}flggt ngr 101 %Ja?atéds vEBLARMED Py sﬁ@?1 EﬁBsﬁgteam By %hBOX layer

conductive layer to formthe gate el ectrode.
100h e, lin 20draigahate ﬂa@ng;tdf Sli%bmleellBﬁ anerdepodit¢dhen the SOI wafer

@ B:um gale til%?pgt 2 ﬁq S rﬁ il{i@qogn@spgﬁ &??rfg ngg 206, a

pEIRBHGSt ﬁ?&eﬁlo@ﬁ doBRd QQoﬂ@ﬁM%fQﬁe asuliRYe st8eke@Structure
[ 0046] SUbsequently, the supporting regions of the

108, Tihie|phytoresist &yler 1:!10 ISﬁh@t patitetneddo fignea finptapuel 14 neluding a

ﬁﬁ H%ﬁgn dﬁ%agg?n% obr{ § VP l:02 SVPVI tcprtl?%ggf égrgsfe C]??Sf(ﬁ sltlandard
pERYEGEg@pll €cBhiqués ATsdiy fhérﬁlﬁ pﬂttérhm&lreé‘t’m% 110 as a mask,

transi stor. Any other suitable pe dopant_ such as
pertigns afie maltlavemstaaked Feicte ﬂfﬁg ng §@V€t§ by dhe mask are etched

d
advgokgto RABALL Y d1BF- NPARN 6 3 iird gjfféﬂ bpribind B £BhIRARMn 114
artrangiea 1ﬁfbgtv?e@ﬁ aws\ﬁuﬁ%bmhg @offtions tlhe oﬁcthe BOXdayhr 408. In 208, the
t t t
£ PO BRI Sfackesh B Sasfors LYl TithGetpiested to a Ge
cér{d%ﬂsca'u%%l gfoceg_so%ra%ﬂ €8 sPicROPSIR n MR sttut AR 1 33 Wlth'tﬁe SiGe

sone wa 4 X 1015 cm 2 dose of n-type dopant
nmwﬁreaEZOAbmsmc(lmdged by a3®yek oY onily. S@baeqmnélbrtle @1Pnthelstacked

orti.n i 0 er suitabl.e n-type ant s
SRALRSE B SR e FENSKID B ARl i BE ARy
déR¥salNegt BE 243¢he B%ﬂz%h ﬁ@eeﬁaﬂokxﬂrer ﬁ:SQt%ﬁéd 6 rdrp@nthe SiGe

inplant, a source and drain activation anneal ste

nmmrﬁpbz(hfqa‘n@ng)fheamulm wiacleadySigEongnewinessticiiye é&gnﬁy 214, a

la?/gr § (gxrlée 1% g%'x;vn 58 the SiGe nanowire and this is followed by conductive layer

deposition, gate patterning and etching to form the gate electrode. In 216, the
supporting portions 116 are doped to form the source and drain regions of the
respective MOSFET transistor. The gate electrode may also be doped with the same or
different dopant as that of the resultant source and drain regions. This is followed by
an annealing step to ensure uniform diffusion of dopants in the gate electrode and in
the nanowire extension regions beneath the gate electrode. In 218, the method of
forming a gate-all-around transistor comprising forming a stacked silicon-germanium
nanowire structure 122 that has been formed on a support substrate 102 may be

completed with the standard metal contact formation and sintering steps.
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ensure uniformdiffusion of dopants in the gate

el ectrode (if it has been doped) and in the thick
WO2098/069765 ext ensi on regi ons beneath the gate, PEESE@Y7/000423

reduci ng the effective channel |ength. The process of

formng the gate-all around transistor conprising the

[06407.C K 8 G13GhoRBNOMbdsBseBtiididb Viehveo Mpplubgitg ofplutiilageryyacked fin
the standard netal contact fornmati on and sinterin

strottopes. fIo0wel @ & BOXs s agcarding ©han tengfodimenit %gieopresem
. formng a gatesall- ' [ i sd . ed
ot G A L SRR AR Mt g
firt ictitas dagke Rofprisiag odr: fin opivor drraighd tin detyancwodsupgorting
to an enbodi nent of the ?rese t invention. Tq%bnethod
poptiensyegy he farmedep the BO% layen kherguigdgyensipgedyiy structures may
COMREL P b D1y SRRAE ShRRrvRbbtA8bt ¥ any other
befa?%%(fé%g%%rt gés{dl%(gltlérrg%{@zloéz gy a Boiﬁjlg ayer 103. l\lea>?ty,0
deésite@fddn@drt er nate | ayers of Si 104 and Ge 106 are
deposited on the SO wafer 100 to forma nultilayer
stacked structure 108 on the SO wafer 100. In 206, a
tOreRt St LRWRT 2 1dBsd SechifRll ele@NbP A stadRed WilfBEQehanium
[0@%@ wdﬁ??layer stque% sfructyre 108. The photoregﬁst
nanayee $th@tirs afernopidetiar neeprdingf ty mna ebadisant cafyfhe present

L 112 i udi n fin portion, 114 1 ' .

b S Pty DAL B0 FEEANGE oAU BRccss,

orl%‘x?&l Oéib%h@?éraﬁhy ok REAN Etee ShanUden8i tdyer betaupatGe intreases the
photoresi st |ayer 110 as a mask, portions of the )

o¥iddtion| ratee Dust tacthe d3& condensatien Twecesst Ge Gl rRegsagedatrd into the

slg\??s{kogc?&i%%cf élc&?% i@é{y%%' n%%nfn%ﬁhé %&egn%ﬁ:d%ﬂeg.ay er stacked

ructure risrng n portion 114
arranged in between two supporting portions 116 on the
BOX | ayer 103. In 208, the Ein portion 114 of the
mul til ayer stacked fin s ure 118 is further
subjected to a Ge condensati on process to achieve a
stacked Si Ge nanowire structure 122 with the Si Ge L

[065K] owi FEG.12 Ghives agcanning eledeoh byicras¢opye(SEM) traggeof a silicon-

Subsequently in 210 he stacked Si Ge nanow r
ST PRI, SO B A a P O AL of the present
inv SR Aliefhafe MPdrdbf SRARICGESidNexE deposiikad ontthe SOX waifer eeteating
Si nanowire i1s etched to release the Si Ge nanowire
a w@ilayer sianked simchuse ul t ant st acked Si Ge nanowire
structure 122. hi 214, a layer of oxide is grown on
the SiGe nanowire and this is followed by conductive
[0bS2]er FIG. 6A shows a SEM image of a multilayer stacked fin structure after fin

etch and clean according to an embodiment of the present invention and FIG. 6B
shows a SEM image of a plurality of multilayer stacked fin structures after fin etch
and clean according to an embodiment of the present invention. Clear interfaces can

be observed for each layer.

[0053] FIG. 7A shows a SEM image of a multilayer stacked silicon-germanium
nanowire structure after oxide release according to an embodiment of the present
invention and FIG. 7B shows a SEM image of a plurality of multilayer stacked

silicon-germanium nanowire structure after oxide release according to an embodiment
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deposition, gate patterning and etching to formthe

gate electrode. In 216, the supporting portions 116
wae@sdeperl to formthe source and drai n regi onBCDEG2002000423

respecti ve MOSFET transistor. The gate el ectrode may

al so be doped with the sane or different dopant as

of ii3breSdnt iR &S Ulnke dinfeAsibh#l stitlls Of 8iGE Mangivdierray irilges are
is Toll owed by an annealing step to ensure uniform
cledilfyfobséryed aﬁterd@@mﬂ@rqlww he gate electrode and in the
nanow re extension regions beneath the gate el ectrode.
In 218, the nethod of formng a gate-all-around

[0054RNS I I8 AC sHws & Trgsidsivnrieatrat Midrostopy (TEM) image of a 2-
sriseaten]y s SO GESFITR MooVt e UoRignEd et Oride
Se\ﬁl‘h&ghdtugﬁr g %e%oﬁg?gtopgﬁbggﬁﬁ) QEHhE Mo 8 dmbodiment of the

stntering st eps shows a cross-sectiona
pryseqiMneEntiony FIGaBBtshows arfirinsnissier Elsctiok ddicfaseopy (TEM) image

ol Gt e REEHL RRSH5A SLisH ST RO R g A oA (GAA)

Mgtlé} todigy %eﬁE&ﬂﬁ%ﬁl)rf FiR1dSt fratt t Bra@siior ANPOBFBT) tagcdtling to an

ayer stacked fin structures, each conprising of
enabcfdumeq[tomﬁ fhe rpreaenarrgeuncpm and FlGe$G m\@pﬁaﬁnsrwgswn Electron

ortions be for n. .tk
VRSSO el TE S b, RN hpolE sieon-gemaniom
nadik! €latd-A11ERGINO WRXal Daidez Sehitdnduotor t PleldsEffpar fTransistor

substrate or in any other desired nmanner 005
(MOBRETE secopging 4o oL isaRen At Prescat ficagon. e TEM cross-

segtéclél%? %eesr({ﬁﬂé 4 %WM@S??T%%MS%@B&@F th@doHlidt& process

an e ment o resent 1 nvention.
arMﬁawhha FIG! 8AAFEG. SBacahdsEIiGLCSOI é'erts:als utapbs:péa 1%, cmd 4-

dat th Si |
napRiiieE e SGVGR dnithel NOUIET Shuraboin ey & ot TEM
m{a:égsd ot H@ttcéeoolﬂn t?& erheRowRed BRI1EBe SABERNSALI 1Y desired number

ess be segregated into the sl ower
oﬁ»tmdysz depeBilingamerequibenantsy The rhmglhglrfme tevammeaiggpiof @gnowires

| t
T N

lel 5@ |tﬁé/ Bite SledEb@Soonif ey Wifroahdisaeh AgndvArén
enbodi meRt of the present invention. Alternate |ayers

of Si and Ge/Si Ge are deposited on the SO wafer,
[Oﬁgﬁat ' FHG. 9 shows a TEM image and Energy Dispersive X-ray (EDX) analysis

of germanium concentration in the nanowire according to an embodiment of the
present invention. The EDX analysis results in FIG. 9 indicates that the Ge
concentration is much higher near the nanowire surface and it reduces significantly
towards the core of the nanowire. The Ge concentration at the surface of the nanowire
is about 16.6%, reduces to about 1.3% and then reduces to 0.3% towards the core of
the nanowire. This is similar to the observation as reported in the publication by
Takeuchi et al. [H. Takeuchi et al., App. Phy. Lett., 80, 20, pp. 3706-3708 (2002)] [16]
who discloses that a rapid intermixing of Si and Ge at the interface in the initial phase

of annealing of Ge films on Si with insignificant Ge diffusion after the initial phase.
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a multilayer stacked structure. [0052] FIG 6A shows a
SEMimge of a nultilayer stacked fin structure after

w0 20088690k and cl ean accordi ng to an enbodi nent POf/SGH®7/000423
present invention and FIG 6B shows a SEM i nmage of a
plurality of nmultilayer stacked fin structures after

[0056] StFIG. a0Ghelve aNTERCRiAte o tvingdgate BRI thielihess fantl manowire
present invention. Cear_interfaces can be observed

wifithr acsaxshing toyasy empoxbg@pt o 1@e proveBhizXentonsEbe IHEgRIBagowire
dlagfyclft%rlcllts a%gut ]?S{ %%ﬁ%%e Ocﬂe thg@]lrpﬁf@."‘m. &t should be noted

OXI ease according to an

th& e %rﬁaliﬁioroﬁad be f@ntlmeratrohwdeddWm by anpmﬁnﬁti@g tli® oxivatien and
aSEMlmaeofapIuraIl y. O l.tilayer stacked

ctching isns g PR i EGTHPh o FI o (0 iR o gepte diclectric

th].cﬁllle%‘?(? b@%ﬁ%dti RG. rRe dfpiR %ﬁmrﬁ@%ﬁhﬂil lltl ReideItRRRAss seen in the

I'nvent ree-di menstonal stacks” of Si Ge nanowire
ﬁfdgaaphhnaydge duatoghe hermhiforobGe coragntiptiay attthesufacae

rel ease. [0054] FIG 8A shows a Transm ssion El ectron
M croscopy (TEM inage of a 2- storied vertically

[0(%7?C kefheSiskdckad - §RETRErhahfla ONnbifea MOSFETAtRUsigors  were
Oxi de Semnm conductor Field-Effect Transistor

ch@MOBEET) using erPHG6Amazametrip gaplyeert FEESt hb thleshow the Ip-Ve

an B R AP S T 1P0RE BRI Bl Rlire p-channcl

MEIsFERaehngistdre wnhgev. raﬁ@ Sumvsl an®wani@vicabendié mmrgammgth Lg of
(GAA) Metal Oxide Sem conductor Field-Effect

a9 STor TAMOBRETISaTO8 SRRy o PHTOBIBE] RSPt (i Sub-
h%r I%Ql? rglorﬁ Eﬂvaﬁﬁt a?@le@ﬂ%?élﬁgracﬁegsﬁ@%eal Tﬁﬁ({‘ﬁy \%@ﬂeofﬁeasured at

i mage of a 4-storied
v ég;,)t-_t yz:hal .y, sdndo’k edl $ I co03g6r respectinelyenothepechannel MOSFET
-Around Metal Oxi de Sem conductor Fiel d-Effect
trafsBnss. sVs ris ((MIBFET)V docadl tienmessuremerdsrbbler trangisters fhew high

esent jnventio Tlli 7, TEM crosssecti onal inages of

Ioﬁﬁrago a@%&%ﬁ%‘ﬁ* ﬁansi stors after the conpl eted

process are shown in FIG 8A FIG 8B, and FIG 8C.
Vertical stacks of 2-, - nanow res

[003%8] | ZBKG £ B shotwes W@Hﬁﬁﬁh@l%slaﬁe (80 vifihegip dength (Lo) of a
Gﬁz.n%@gcﬁneéeerglgﬁwgl 4oy te C}E ld%&l‘{}lgf {\/R?Sali;%’fn(\#é@:jiﬁveegaﬁgc llé/r stacked 3
nanowire bundle (or 3-storied) (15 nanowire bundle) according to an embodiment of
the present invention. Sub-threshold slopes for different Lg have been plotted in FIG.
17 and nearly idgal sub-threshold slopes of approximately 62mV/dec have been
obtained in most 6f the cases. It is noted that despite the different Lg and Vp, gate
current (Ig) remains invariant with the lowest value of about 6.0x10"2A which is the
Jeakage limit of the measurement setup used, thereby indicating good quality gate

oxide formation in all surfaces of the nanowires.

[0059]  FIG. 18 shows a plot of threshold voltage (Vn) with gate length (Lg) of a
GAA silicon-germanium nanowire p-channel MOSFET with five vertically stacked 3
nanowire bundle (15 nanowire bundle) according to an embodiment of the present
invention. Threshold voltage variation with different Ls can be seen in FIG. 18. The

threshold voltage varies between approximately -100 mV and approximately +100 mV
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of storeys depending on requirenments. The high surface

to volunme ratio of nanowires renders the GAA MOSFET
waiosati7es f or sensor applications. In FIG 8A PEI/S:208B000423

and FIG 8C, the gate el ectrode conpl etely surrounds

each nanowire. [0055] FIG 9 shows a TEMinmage and
fdendiffgyenbilap slevides(-A dike[yER)se afoalihisi vardtioN 8higRN k&M to size

concentration in the nanowire according to _an

C%%)g e skargple; He patteang, xidatinn yniformbty, EGx cameenyreiien) and
imfigttkign.i n FIG 9 indicates that the Ge concentration

I's much higher near the nanowire surface and it

reduces significantly towards the core of the

i CGe ti th f f th
B&ow FEG: 18 Sh6te G569 SHuieadreis Gmsat Uosodmeynumber of
nadoR ek %@é’(ﬁ&fh[gttQ afl- Aol RANGE &F tRdreC G ?n\%%ti{nlﬂe[ggﬂ;] e, {?glration

This is simlar to the observation as report
curtsst Re¥bT-ofua by 2P kedi M= B -¥ha anfdihe lindee wothrentdb; @) at,Vp = -100
2 Phy. ket . 80, 20. pp. 3706-3708 (200 [ 16]
i B e s et e R a AT e 8 My k. BKG. 19
stohe theliaedraeRtibfshih6f 133kt bid IHRAWEHhe ARMBGE! d)ﬂ%n%(;vtirgg ina3

films on Si with insignificant Ge diffusion after
nanqpite | bughles estuglyss] TheGlingar stebationshiff Eindieatese = hprafpogional

. . . e widih . ¢
erfth Gttt St D ERR IR UM R ke sBRE Bheetr
nanowi re dianeter is about 19 nmas seen fromthe TEM

lmage jn FI G 10. It should be noted that the
oheHensFHi ‘J’éla%hOBVé FRIPk HeranserndygiancaiGim with gpteiveitagn@Vc) of a
i ; ' chi T, ] aph, i
P LS (R 4500081 P BT L BB e
ofzho presantrinvenfive. $he thear mod -satirdtonnirdngcinduomhete G,, of p-channel

i ess. seen.| he . m_crograph may be due to the .
M BT EY ihan b ang T RO AR Bsevagiamaiaste 18y shown
in THRG. 108 CIR Om B ihiu@© 7, O ' HB i SRR AN HEhYRT BIOSFET transistor
transistors were characterized using a HP4156A
Wity 1 & panewiEesadalineze relationdgtwedn €g ndendbentinber & naBoenrds for

VD _char Fistics plot of it respectiye i Ge
bR A AR TReeRt sl B GFSPR, TS 2075y S5t
scalings oD thedeviegyrfobmMoeflaeariétbl AMidhstrRRY it tdasRiend) Wdtween
pa?ai‘% nm Tl}e transi stors show excell ent performance in

hargys of g stacks pealiged by thepreseapioyenting. gat e | eakage

characteristics. The I10n and |loff were neasured at

[0062] Some results of fabricated n-channel MOSFET transistors are shown in
FIG. 21. FIG. 21 shows a Ip-Vg characteristics plot of a GAA silicon-germanium
nanowire n-channel MOSFET with a vertically stacked 2 nanowire bundle according
to an embodiment of the present invention. The saturation region and linear region Is-
V¢ characteristics for a single row of vertically stacked 2 nanowire bundle can be seen
in FIG. 21. The subthreshold behavior and leakage currents are comparable to the p-

channel MOSFET nanowire transistors.

[0063] The aforementioned description of the various embodiments has been
presented for purposes of illustration and description. It is not intended to be

exhaustive or to limit the invention to the precise form disclosed, and obviously many
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VO (On) =V 11, - 0.1V and V@O f ) = Vvth + 0.3Vvdd
respectively for the r-channel MOSFET transistors. VD

WO gooabenrss 1.2 V in all the nmeasurenents. The PCT/SG2007/000423
transi stors show high Woff r atio of approxi mately
1x107. [0058] FIG 17 shows a plot of subthreshold

nedddfpeatioES)anii afiagense aleepistbld lin Nlight oF tﬁ:’é\%lsclosed teachlng It is
Si I con- ger mani um nanow r e p-channel MOSFE th fi

injgnder] dbatitye sooRe REME TRAHOMDS defingddiyethe glauss spmnd@ﬂl)ereto.
(15 nanow re bundl e) according to an enbodi nent of the
present invention. Sub-threshold slopes for different
LG have been plotted in FIG 17 and nearly idea
sub-threshol d sl opes of approxi mately 62mv/ dec have
been obtained in nost of the cases. It is noted that
despite the different LG and V D, gate current (1Q
remains invariant with the | owest value of about 6. Ox
10 13A which is the | eakage Iimt of the measurenent
setup used, thereby indicating good quality gate oxide
formation in all surfaces of the nanowires. [0059]

FIG 18 shows a plot of threshold voltage (VTH) wth
gate length (LG of a GAA silicon-germani um nanow re
p- channel MOSFET with five vertically stacked 3
nanowi re bundl e (15 nanow re bundl e) according to an
enbodi ment of the present invention. Threshold voltage
variation with different LG can be seen in FIG 18.
The threshol d voltage varies between approxi mately
-100 nV and approxi mately +100 nfor different |ength
devices. A likely cause for this variation m ght
relate to size control (for exanple fin patterning,

oxi dation uniformty, Ge-concentration) and

i nplantation. [0060] FIG 19 shows a plot of
saturation drain current (IDSAT ) with nunber of

nanow res according to an enbodi nent of the present

i nvention. |DSAT, the saturation current at Vo=-Vdd
(-1-2V) and Vgs= Vth -Vvdd and the |inear current IDLIN
at VD = -100 nV and VgS= Vth -Vvdd were neasured as a
functi on of nunber of nanowires. FIG 19
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shows the linear relationship of IDSAT and IDLIN wth
the nunmber of nanowires in a 3 nanowi re bundl e

wa@200806us2. The |inear relationship indicates BCT/SG2007/000423

proportional enhancenent in current by each addition
of nanowire in the stacked structure. [0061] FIG 20
shows a plot of transconductance (GW) with gate

vol tage (VQ of a p-channel MOSFET for a varying
number of nanowires accor dCAAEMSan enmbodi ment of the
present invention. The |inear and saturation
transconduct ance GlLn of p-channel MOSFET transistors
wiWlat3s cléinsdds:15 nanowi res as a function of gate
voltage is shown in FIG 20. The maximum Gn, is the

hi ghest for the p-channel MOSFET transistor with 15
NANOMIi&Rod oF foldiiggha sEa%k@%biﬁ@orFEéﬁﬁﬁﬁﬂnggm r Pk on a
nunber of nanowi res for both near and saturation
caseRipperh sihstrgteenmpnisinge i nset of FIG 20. Such
excel l ent scaling of the device perfornmance paraneters
denonstrates the consistency between parallel arrays
oforirhige 5 baeked shaiZAhEY¥u Lhd i

[00621]%_ Sone results of fab%%a%gﬁﬁ?’ctﬁgﬁt\égf%l\%ﬁﬁe

t FARBIIYR pideast ene elnacli layerlagl atitast BhGint@thaimelkyer deposited
I istics plot of a GAA silicon-gernmani um
n%%%@%@%ﬁ’%nel MOSFET with a vertically stacked 2
nanow re bundl e according to an enbodi nent of the
present invention, The saturation region and |inear

r 3 §n stppctpne drore ther stagked strycipreaths ifingitmciusmeahprising at

i cal ; ! ;
R D sy Ao BRNEHY P O A Ee et "
currents are conparable to the pchannel MOSFET

R AeinG B BPrR i P oSGl RN KampRE B Son- germanium
pﬁﬁx%%ﬂﬁiﬁg%}x{éﬁﬁc[&%fsa Rer df'o‘){?&eg gﬁdbo n and

descri ption. is not intended e exhaustive or to
limt the invention to the precise formdiscl osed, and

ohy] di.fications and variations are

ARGl e TREY RS 6 ke B R St Bl g e 5

i ntended that the scope of the invention be defined by
the _cl ai ns appended hereto. CLAIMS What is clained is:

12- Ahgsiathnd oficlaimy lyjwhgrein farming thestackebstrusbrraningrises :
nanowi re structure on a

forming the channel layer by depositing a silicon layer; and

forming the interchannel layer by depositing a germanium layer.

3. The method of claim 2, wherein forming the interchannel layer is a two-step

process, the process comprises :

depositing a layer of silicon-germanium layer on the silicon layer before depositing

the germanium layer.
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support substrate conprising : formng a stacked
structure on the support substrate, the stacked

W@ 2008069762 conpri sing at | east one channel | ayRPCT/8GZOAD00423

| east one interchannel |ayer deposited on the channel
| ayer; formng a fin structure fromthe stacked

s#r UThaunethod be clhin 1sivhereinfoBmBERHtin Siteurd fron®iRtstdcbed
supporting portions and a fin portion arranged there

bet WEBRIUIGKGBPHSCRG the fin portion of the fin
structure thereby formng the silicon-germani um
nanowi re bei ng surrounded by a | ayer of oxide; and

r patbarhing thdn btayeureakingx litho grapifyoprotésse
silicon-germani um nanowi re. 2. The nethod of claim1,
wherein formng the stacked structure conprises :

I patferiie g HROHE PSR usin@ % ralt@ﬁﬁaﬁﬁ%ﬁﬁé.[s%lsﬂﬂ’t fi’la%ﬂ' lah§on
| ayer; and form ng the interchannhel |ayer by
depositing a germanium | ayer. 3. The nmethod of claim

2 reip formng. the interchapnel layer is a

£ S8 é‘?é@e ﬁp BS%QE,UQPﬁée%FIXS'é%‘E“??E‘Hﬁﬂ ses : depositing a

| ayer of silicon-germanium|ayer on the silicon |ayer
before depositing the germaniuml| ayer.4. The nethod of
cpaiThemethpbokslping brwherein@xidizing theulit portioh o6 thetfivestructure is

sta Fg[}ﬁr' .. patterning the fin

str c?ﬁ?@éqj&%gé% [ 88‘?‘%%‘%%}108%1’6%"&&%; patterning the
fin portion using an alternating-phase-shift mask; and
etching the fin portion using reactive-ion-etching. 5.
ﬁ%re h%?ﬂ%ﬂ%?% 915} Iy vihergip gerapving shedrysreg oxisle straunding the
PO {5i1RBn QerrhfHfurh | d by a

ger mani ﬂ%oonden%ﬁﬁggﬂgg)gg&g%{f;ﬁél%ehet hod of claim
1, wherein renoving the | ayer of oxide surrounding the

silicon-ger i um wire is performed by etching. 7.
The TREHSIPET S [nhertion spmpising sripraina g fost it fvdigient to
fi r sépahedystAldRedchRtdfore @emoval of the layer of oxide surrounding the

silicon-germanium nanowire.

8. The method of claim 1, wherein a first insulating layer is arranged between the

support substrate and the stacked structure.

9. A method of forming a gate-all-around transistor comprising forming a stacked
silicon-germanium nanowire structure that has been formed on a support
substrate using the method as defined in any one of claims 1 to 8, the method of
forming the gate-all-around transistor further comprising :

forming a second insulating layer around the silicon-germanjum nanowire;

depositing a conductive layer on the second insulating layer;

forming a gate electrode from the conductive layer;
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repair crystal defects before renoval of the |ayer of
oxi de surrounding the silicon-germani um nanow re. 8.

wab@siet7bod of claiml, wherein a first insul apCT§G2007/000423

| ayer is arranged between the support substrate and
t he stacked structure. 9. A nethod of formng a

gdbpinglat leastakshppbAMSI POk ins GAPA fifsk BGpdn@r M Ny a
stacked silicon-gernmani um nanow re structure that has

been formed on a support substrate usi ng the nmethod as

b DitlnkoBY L OOkl A0 8. the method of

formng the gate- a -aroun rar%lstor further

c doping Shergtte elécircrdervgt}aa sezond dopans of éittien ginifty ©F oppRUed
W&ﬁ’{‘ germa | um nanowi re; depositing a

08 At OIt GEFSt9RPte second i nsul ating | ayer;

formng a gate electrode fromthe conductive | ayer;

ing at | east the supporting portions with a first
dé BaThe mathod Fhelaimel Gdurthér cohmpirising pefforhingra seoomt heat tigatment

dopi the e I with a.seco opant. o
oi © HEP: g e G5beR To Shsbfiufir iifunion oh domapissin the
dopahate eldctrodéhe net hod of claim 10, further conprising

perform ng a second heat treatnent after doping the
gate el ectrode to ensure uniformdiffusion of dopants

| 1HR Hahéa gf Q& Pf %rtﬂ‘z é:ogﬁglslﬁgfgg@?wgglcgbiéc%% }aé/er ona

further conprising rormn

contcanﬁactsmrﬂ‘aee:efmé stifiprisaPRetiéngg portions. 13. The
met hod of claim 12, wherein the conductive |layer is
sel ected fromthe group consisting of si l'icon,

PPd Vigle |rﬂ1éi1%11 gk [érpf‘Z) Wehepdih 'tlfe%n@%éwg% I is %eflqctedgrscerﬂ the

met hod of wherein the

p- t gpmiparonsistingef silénn, polgsitiedr) athoghouk ailmnl 4nd Weeiei n
the p-type dopant is one or nore el enents sel ected
fromthe group consisting of boron, alum num gallium

aryl The eheiitd dflaifhe wIRESR %eoﬁrsﬁ!lcﬁigﬁﬂ i 2ith AR R hhﬁpe

n-type dopant is one or nore

15. The method of claim 14, wherein the p-type dopant is one or more elements

selected from the group consisting of boron, aluminum, gallium and indium.

16. The method of claim 14, wherein the n-type dopant is one or more elements

selected from the group consisting of phosphorus and arsenic.
17. A stacked silicon-germanium nanowire structure comprising
a support substrate;
a stacked fin structure arranged on the support substrate,

wherein
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sel ected fromthe group consisting of phosphorus and
arsenic. 17. A stacked silicon-gernmani um nanow re

W@ 2008069762 conprising : a support substrate; aPGL/aGeT000423

fin structure arranged on the support substrate,
wher ei nthe stacked fin structure conprises at | east

ottt stivied ah strajtefe tbriks 41885t ot hahAd1ShFR ARM S 1A 386

deposjted on the channel | ayer and further conprises
attiterebapnel lygerdeppytedionghpehanneliayeiaadat | east one

si | i conger mani um nanowi re arranged there between. 18.
The structure of claim 17, wherein the stacked fin

sturthet comprdsest lesstswa spppoitdg portiohs Gida ekt dryEligonand
i nterchannel | ayers interposed between the channe

| BSfaAgIum §anoprEs arpanged theee ktwestai m 17, furt her
conprising a plurality of stacked fin structures
arranged horizontally on the support substrate. 20.
Th® Berstrottureofoflaiol Hi, mibikin thieetaeked fihatructure comprises a
silicon-germani um nanowi,re i s | ocated above the

oup SRRt Ehrnnel ay8% anierchpnnel (Bvers nteqroas oetween the
wherchhiheRlayefsst i nsul ating |ayer is arranged between
the support substrate and the stacked fin structure.
22. The structure of claim 17, wherein the channel

I [ [ y The structure of clai.m 17,

% e pRiabd SRt Aler SRStk S P SRk or
a cetrhitifes afin@dd Ivirizbeally 6 IFRIbPOR JikugRr mani um 24,
A gate-all-around transistor conprising the stacked
silicon-germani um nanow re structure as defined in any

oNge 18k | 1.0y ~2 -al l-around transistor
furt herS &{é%hn{)%f;c ?ar%ltélolj’ g\’hgltgg:h gtr%l g gfhﬁgﬁlgg | nnéuT%?wg? 8ated
t he abovd thesugpertrsmbhsttate.nanowi re; a gate el ectrode

posi ti oned over the second insulating |ayer; and

21. The structure of claim 17, wherein a first insulating layer is arranged between

the support substrate and the stacked fin structure.
22. The structure of claim 17, wherein the channel layer is silicon.

23. The structure of claim 17, wherein the interchannel layer comprises germanium

or a combination of silicon-germanium and germanium.

24. A gate-all-around transistor comprising the stacked silicon-germanium
nanowire structure as defined in any one of claims 17 to 23, the gate-all-around
transistor further comprising :

a second insulating layer around the silicon-germanium nanowire;

a gate electrode positioned over the second insulating layer; and

at least two doped supporting portions.
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at | east two doped supporting portions.25. The
transistor of claim?24, further conprising a

w@omnduetsve | ayer on a contact surface of the PCT/SG2007/000423

supporting portions. 26. The transistor of claim 24,
wherein the gate el ectrode may be doped or undoped.

é? - THNGarlslsRR S S1adth 2af futhal donafisimheciductivelagienach gatt et
electrode is either p-type or n-type. 28. The

t r asusfas¢ of thefsuppaaiimg PEtIORger ei n the p-type dopant is
one or nore elenents selected fromthe group

consi sting of boron, alumnum galliumand indium 29.

DBETh AARISIVT cim@4aivierdin theketeeiatbienay by gepabpant
is one or nore elenents selected fromthe group
coneidopedhg of phosphorus and arsenic.

27. The transistor of claim 26, wherein the doped gate electrode is either p-type or

n-type.

8. The transistor of claim 27, wherein the p-type dopant is one or more elements

selected from the group consisting of boron, aluminum, gallium and indium.

29. The transistor of claim 27, wherein the n-type dopant is one or more elements

selected from the group consisting of phosphorus and arsenic.
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