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VMETHOD OF FABRI CATI NG A STRAI NED FI NFET CHANNEL FI ELD
OF THE I NVENTI ON The present invention relates

wqgemsriai2y to integrated circuits (1 Cs) and nmerboas2mi/043106

manufacturing integrated circuits. Mre particularly,
the pre t £ AT d

fabri caﬁ?ﬂ%ljl ﬁ%’gﬂ%fgg&g&% r%cgﬁf]ﬁﬁﬁaw ngE ral%‘éql §fors

with a fin- shaped channel region or Fi nFETS.
BACKGROUNDOF THE | NVENTION Integrated circuits (1GCs),
such as ultra-| arge- SUADOF THESYVENBON( ULSI ) circuits,
can include as many as one mllion transistors or

NOT € ThelgiRent hBhtiof ielabblicher IR intoBiGtkdkttenit QO hn@ HEBdRbYnafiRic@ling
%éhggcxﬁg g‘u ﬁlﬁl@ ?étl&ctﬂgtjiy, &QMQ) m\fehtﬁh Qia@i tt) legthotd P lca":’ Bgo Btg'grated

ransi'stors can I nc sem conduct or
°§j‘é\‘tt§et§“’éﬁ AP A p DR LA FrEP ¢ S’QFPJﬁ and bet ween
source and drain regions. The source and drain regions
are typically heaBACKGREPER ORITHE INVENHIONe dopant
(e.g., boron) or an N-type dopant (e.g., phosphorous).
As t (rasies tions ((D9cadds Wimadrdeatale irtdgrate S(UHBIS tite@is,Sart ifclude as many as

ohmmlg@l?aﬁsmrt(ps%r Bx@ r-g€ UE@ rcfrdu@@aré {ﬁ?&ﬁé llganp)émErﬁ]ar)I rm:@al %{i}? Elaﬂl%lonductor
|

ERES I et b 0 b FeS A PR mepii i o e
chappeheglonf andliretweent seyr¢eahdsiraint reggons. Thesspuresiahd deadnyredipmsy/aze tipdaalty heavily

dPEe@ PRS0y fe@opait 4. £ B36:6n) 6NA NG e Copdnt (o8l phbdplkdkdub)t y. For
exanpl e, conventional thin filmtransistors which

typ l %@lrelnylst(%; ﬂe!:dm% @me@lgl Vs !ielsdogsqg]m&éa?e%%hargre @Qﬂl@pﬁ&llm}( fhe channel
been fornme k er mani u taXI

rf% e@crgs&g\fgar%? c&rrlg glg té 1naea %F wt);huga%:gchf % ?éansx Cl‘g?nel@mns
feped fapinateridlepjter thapaificob bav pprmedostrito mertaschavgegarder mbilith | Fohexample,
c&v&ﬁmagmﬂmmrstots Rinddn f pidal®) utiA §chysﬁ&)n AR PREIRUSheen formed on a

s%coa; lgenaamu()/(glcéegl?_pstgxml ISye{ Jar_llgv'e fl gfg,s (a rg & 1?@ fl{‘égratg efhng'ryie egnramal layer can

BY 4 tPopRigre dprhoh 3 eméperdporonin &t Bish Hn wrpé@s filipgndpydride (a-Si:H),
ab @adifhous b@im @ivbiLhy fide (pe:HolemhediBs is eledana srysaalliz@itualizing ittadi@ion of pulse
_emlgenductor field effect transistor (MOSFET), the

use of Si-CGe materials can be used to increase charge

carr ![q A ulﬂ?y? ée 1(:@y such ﬁé Q%gtal %(KL ¥em1c%11dua(9r ﬁgld gf}épt% an%ﬁt%rr(M%EPSET) %e use

t ensi
o& G TR é%ed eaeHr Hl?fﬁfgcar@@mﬂwv G??Fm%‘éf?r heleve eagfersi @ fensile
stianail $ilichiych@m8 rdgiomesh grragiitoe chainbi@miatning @earmaiin, @mbdve Girier mobility 2-5

tﬁlgsaé?éaﬁJ thdn & gdl’l@éﬂtl&uﬂ%l Jhgmgl ?eglﬁpo%gto ?e@ﬁ'cgd c%rrler%&@gr&gnh 1] toatﬁEQeduced

n&@sroﬁﬁ)ﬁels ﬁ!}h égﬂ%nél.inh(ioij]tam%l?agpz}l A?ccor%&gé ?oa‘feﬁtﬁneil %1 -Ge formation techniques
for owil-typt degisrale dSiant @eplapigpolepitiar bepm erétexbi GYIRf doshnfapg fortyg b Ri-Geypitexial
158y H&easer, the minnadﬂﬁ]qde PeRhiR Very DM pE&1dl B elpEnsing Qibricaixahd (s WMBEhsible

fiééﬁ 1 forus a Si-Ge epitaxial layer. However, the
P ni que reqU|res very conpllcated and expensive

eU| i s not feasi ction of

& BTt Mt e nar S el Su e oub Rl e ee
FgﬁE’ES kAve jignificantadvaniagssielatedip hlglgfyze) cuqrqn’mqglpl@tlmmgltbio short channel effects.
i AEET, Siua s 61, Gili@0 iSub S@RM FiREV:-aM By 8999EDNY dBsehsdea siceiransistor
19?1}1%%1e%&i(/g 1%!%! is M%nmdg{) %ﬁg]onn'lturl) Elé/es tf?olw%\téo Ek;ublg Fh%gp& §reBcagB
dﬁﬁqu{-t_—fom-_a@factupm cor(virglg@l IF @mnoa °§]éﬂ§ éeélgnqgles llfurt?e& (Bﬁtemmg can be
diffical Bdcsbeof the topography associated with a silicon fin. At small critical dimensions, patterning may

be impossible.
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in which the active |layer is surrounded by a gate on

two sides. However, double gate structures can be
wdi2bdsioaui2s t o manuf act ure using conventi onal | €CT/US2004/043106

fabrication tools and techni ques. Further, patterning

can meval of dinple) dfinb@cis@ boboatehevet Opewr dishydiasls deittagirving
andol H‘ru@tul@l EdnGeindi FileETAbI RUEL laavglgebrtfblﬁlato héle gﬁtﬂr&%bx@fhﬂvamages over

deg?%stlfﬂefzg'lgilﬁlgm%sgﬁlcoagxcﬁo@@?%egcmg{/uct};on mﬁ%%gg)etter flsolahrcryﬁ &)e%l/een dev1!:ep
re@lica¢akiame ctlﬂ’ﬁ@re@tpyd laglﬁqpécytwcﬁg CMAS g(gentgtrqdmg({ @}—péapamtance, and reduction
ol CRRMARL 4t @lﬁﬂlchagdefbgﬁ-fng$€ﬁueed SNicERS dlﬁa»eglohewmllef telbielentichal FinFET

ors ul I1
Sgladmlces %vucgto (%/antaées ove M%Qlllﬂgﬁ%wﬁ) Xneoqllkg&lYéogo%& &Emgd Ut% tpg)l

ubs construction, 1ncl u [ n? "
cngtbtian Sete TetRRs ﬁhaﬂ‘@?fls?fé%f they e 3" PERA G L @ﬁiﬂm“ hose
off BN EIFEIr e @bise thp FilEHTWR B, dEMAE! dbinedieribs are typidais eetle bm p

co f’f"o%!iltbagﬁl%SFlﬂ‘rggmgoﬁ&llH&trﬂanalng g %lhlzd}ﬂ nation of short
annel coupling between source and drain regions.

V\hl | e%lll;] etru%terg})/ nnk][%%g.(lievm S can (If??gd b%&?’ {(%@d%dlﬁ&‘é?ﬂylg @ including a

adva S over sem conduct or
plg)@tpglﬁﬁaafreaéoo ntj-gstlqoive caaiine (%}% e C ke ,ysﬂgsathléyer. Vauous problems

candnd aehtad codidastac tTee phsbriedsslaef mdythethfahan BEfdthe fRugoiqtug.sin contrast,
thw%{f]é n lzggl?rlal/ I!Jetvyrg thitk @c tIIe e SYEBin @@ct&r@ 0131@ BREC Alybethick at the edge of

because T sour nnel
U GEFETIE® A L YDPER AR PorH CONU AL & R AR o
pIVISEEdE Taysre Auch Grriferednis mcrprag thy sizapfdhefrensigior.  si | i con). The
fin structure of FinFET SO devices can be | ocated
bel ownh&enestaturith FinFET @ndurds dyledesirousi talgh e rdinmigpnigel structure with a high

%9 %Sﬂlgcﬁgr aip@cygﬁo forfhe L’PiQ %&4@ s@Rbubenli®ls 'a ﬁiﬁgtaﬂ a)ﬁ@un@c@ bk @ be

prﬁ}ue)esltté(ﬁlgh 1 cgs%mee%mgf (%\)\ﬁ)?qﬁa% L%ﬁggg%%% e, 62&)?%1 ion ophlélﬁp])ect ratio
FipAgitSnseoi be¢n plagtigebte forgaeciyale fdhiintipar over the fin

structure. In contrast, the polysilicon |ayer may be
very Thuitile i@tnedd @ arﬂﬁi%teﬂ tirchihe efdtmnisdericeotatingudesThpeneBAdR@s with

hlnﬁe¥ hQ eltnn)lbx? l§/ oy erqnnﬁlnﬁ)qggloﬁgharﬁxtl%ffé‘cﬂs anﬁtxéh&%ﬁ%rc@rrentsli{&hbr Qhere isa
? gurati on lréage OV@ Hgi qubre arla
“feé for ¢ ﬁ@hoéﬂﬁ@tﬂfWE P’F%V‘Teﬁ ! it e 131“ er. @elh et
nied Gt meshgof Bbricaticy eaisel sitibre ﬁsﬁhz-@d gfannely for ’flPFﬁ%PV@FSo Vet foygpgsyfhere is
aﬂ?e@ wf 26 }Haﬁﬂeagatlﬁ 15153556&5 I By6id fAEHeiSsiill, kbere isQ n€l@ St fin@EMSiedt Method of
et . r & Pil L evic |
n}im%a[ctuhné ahi fg as ec 1’!:3}10 ﬁ{l ruct¥rg Pld;‘tlh%r Q‘YP ttlﬁre?shahxleéa ci AFRAT e @@v{tkpa

in channel structure
saqlqe@wslwaﬂdpcaqr @@%hapa%aml region. Y5t Fenfirthergth s pregtfPdargeess of
fibREaanpQIFidE B desieaith a s nat serdifonduoipigrshgpdil coambel. ar ea.
Heretof ore, fabrication of high aspect ratio Fi nFETS
has not been practicable for |arge-scale fabrication.
Thus, there is a needsiMyMARW OFTHEJNEERTION r cuit or
el ectroni c device that includes channel regions with

hi g her, le)&tﬁ?ﬁtg ShboERB: felafedto a ‘ﬂétﬂ)b effm AnfREY Rh-Eh¥pell Ehabfl@gfon. The method
channe

ects,
neong?s @rowgm%a Wxg%oandfs%r?lcoggwtgr” an 1ns§1:l%.’lun§ {H’ and Erléw%%limnch in the
cdrencbmisgnipraductgaygahd meghpd gsp @sﬁpdeamrw&*f@ P& SEV‘é‘ﬁd“"t"r layer above the
buplfREmicdniRioQaykiSnawihted nfol. Tae methhossoditedvath thi Gradhipagrhannel
S tiornajl"kﬁ%gthvs tlullthgrqm:lutlés %m%tll?ggl%%r%@&mﬁbﬁuéop rayeF fr(ﬂlF Bdve the compound

SR B B9 EPARET TP kDU DR R <ai e, PR
lhy8r zad foeeitle firohapeivh@hd fegipre Whemthe shigiepd epficaatndi e i§ Feimﬁ\g"d ahe strained
HLiRaRePe! is eRlvingh thd Rngt ruct ure. Further still, there

is a need for a FinFET device with a strained

seni conduct or fin-shaped chaifhel region. Yet even

further, there is a need for a process of fabricating

a FinFET device with a strained sem conduct or

fin-shaped channel .
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SUMVARY OF THE | NVENTI ON An exenpl ary enbodi nment

relates to a nethod of formng a fin-shaped channel
woegison1728he et hod i ncl udes provi di ng a conpoBA@US2004/043106

sem conduct or | ayer above an insulating |ayer and

p rov M&tﬁagexanmdheeﬂmmhent ré14A8 toCe QRO BinSEATThBAANGH UG Ofbrmation. The

me%¥aelnclud dc. provﬂlgg Tforg laFel g‘qgve an mflhlllaqngﬁ 881[ agt}{/&l: 9 Aug]sgate an(? é{gxﬁcln{t}%g aperture

m con ound sem co
in té"yfé?t laa"rfrdTW ’té""n‘f‘yﬁr 1%°h‘éesf‘l‘°é’ﬁ?:‘ﬁ ge“ﬂ?é‘mtal“’é‘??@ﬁe“f‘% exfradsdotheipigting
1agkit MhetnlR@od dlsh inglhdpedidn astniakd naggil @bin Thdw@erneioenoviug hd @t layer

) BEL MO8SHdiGRY4 N the strained sem conductor |ayer
from above the conmpound sem conductor | ayer and

r enD\{(]et a ther exem ‘I)a? gnet‘?’t?erlgte% 0%%%%t of faLr%¥ ﬁ%antlrgeﬁx a%ﬁmrcuxémc?udmg
stral ne

a@n-&wﬁéxansrs@g |Téhmeﬂwh @ﬁuciehséep%qf Prayitieen @@#ﬁl@@ﬁtﬁﬁfémrldlpwe?m
ihdScidgedyariatls thd iR@lask makrRE chd p@iticgan dreadroin the s indicig lagdit The
n\Mthlﬂlf'ullfheltlm:ﬁldésrﬁgH'ﬁéE sﬁﬁ% le GtEriaPh %&!eﬁtﬁ yby@ém@g Em grr)\@til %ﬁ%ng at

to a hann ture formation.

538 £ RTEP PR SE?i‘é@d“ﬁFW ercf? g% ?ﬁa‘feﬁ@f"mrné%‘”’fe“%{ BV Siggure anl

promiging adaiesigeiug ye the ibydira substrate and provi di ng an

aperture in the first layer. The first layer includes

silicon and germani um and the aperture extends to the

i nsul ating | ayer. HRIEF PBSCRIBTIONGF THECDRAVENGSr ovi di ng a

strained material within the aperture and renoving the

firSExdmam® kmboink@aMEhddafr 5ddeadinae dithratrakd tethe acd@ipanying drawings,
g%hé%%&@%%’ﬁ%%ﬁ&’ee?elm?sdénﬁe”t relates to a method of

ricati ng an integrated circuit including a

or ovP BLRG 41 TR B R ey B BT BTGV G P B At

tiapyetaciprag infearpted cirafiydnascotdpnse Withan Pamplyeenbadivnt al , and

provi ding an aperture in the strain inducing |ayer.

The mEtURSd isfaigerdelaiathematic blordesp firrepraagtadon S arpaiitionend an integrated circuit

fggﬁla%ﬁ hc@érdnllgr{o ﬁ‘lp&ocgg %&IAJIB QI&MES %J a@c%;dhn\fcew@l@ﬁ etxaﬁgla%l embodiment;
growth, renoving at |east a portion of the strain

| ndu ! as){iescr:‘h nt1a 1c ct:rcl;]s,sesr: ){al ng@ r\éerestenrt]a ion o {he po 10n ofrqaae m?eg taal_{ circuit
as a 1‘ I'n Struc na p G A gat & By tafed

ifuggatedl jngy IWG&%‘\@T@OSS B‘RI3éFm TBES@FHE FMF‘} WWWF‘EWW NGS
Exenpl ary enbodi ments will hereafter be described wth
r ef e FENIRE 41sa stheatiaocorpgam) viewreptesentationgps the poriien eithy intagleted circuit

iMIHRA BIFFGIRENQKEn derods BneBl SRR Bnce 3MUan elehRBnbbdinsa f 1 ow
di agram depi cti ng exenplary operations in a process

for fFfHU@E@Qs a%cherlq g Qgsc’ %gtxokai:] %QA?’ }eg’rgsgr[tan%n o% &ﬂ n%m&%%egxtatggmrcult

circurt 1n accor
ifnstratghin FIGURE 33h<@v&g &t 1551ula%n(_g’ Il?éﬁﬁltoveca Sbl]ngﬁtfg?r uiewhw%w illustrated in
H@REdsent ati on of a portion of an integrated circuit
fabricated according to the process shown in FIGURE 1

in a@m&anscé@ch%Jtlhcrétﬁlsea)@ﬁdlrﬂlz\afeb‘resefﬁﬂﬁmf epottion &ltl@)ﬁﬁra@d circuit

ihRfa B owqr%g%&ﬁ&%ﬂemg@@ypgxymgasagg ggntation of

e por |on > tegrat urt tllTustrated in
E!( SJE%&J%;EZSE% 8?%%%%? SelﬁtiogiJﬁﬁ;l %presgnt (c):nco ﬁg%g%’f? %fv\ﬂe mtegx%ted circuit
idnstepted indEEIRESshdwing ip sopcly fegmetios eppraties on of the portion of
the integrated circuit illustrated in FIGURE 2 taken
acr OSB3URER & adehdmdtinicrass &Ciotk meerepkserntiennt @x@rfoh efthe integrated circuit

lﬁm% I FRIRRE 7 showing an epitaxial growth operation;
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FIGURE 5 is a schematic cross-sectional view

representation of a portion of the integrated circuit
wokbosarrased in Fl GURE 3 show ng an i nsul ati ngPCayse004/043106

above a substrate for use in the process illustrated

i N FIFGURE 91s;2 séhbdaidbErost sektfonadviSiCio@e¥Biiakién of hOFofios SiGHeli@3Red circuit

11Yustra¥vd m%‘P(E 58 {xo%‘v'il e ex%fcal%giac&l]% ! glsﬁ)ﬂ)ergttlont he integrated

Ircurt ra oW ng a conpound
sem conduc g osSi t oper ati on; .
schefBt{E ! %&C & °f‘is Sﬁ“é‘P“a “1‘°'év\)\fpfeée|8"raté°§éﬁ?%{lt"it‘%"fg‘l’ Infeggred circuit
ilyotrated mF 1@ fREOkoviing b exfpetive efehing pperatidnt i | | ustrated in
FIGQURE 6 showing a trench formation operation; Fl GJURE
8 i s FEUREN eBich@atd BSsesiaGl vi@nahesatia@nof tRypoeisa tha tntegrited circuit
lﬂisuateamw@s%“%agiseeoxidmoﬁgmto&%sa rcuit illustrated
In GURE 7 show ng an epi t axi al gr owmt h oper ation;
[rzlngel?sEe a xls 8 HOWO(? ag{aﬁl eplctlr}gtexesmﬁla%f%getra]‘ions m ﬁi{lo\{her pr(%cess for forming a fin-
besed eangistor foy nimieerated eirgui in acmr@ﬂfe@ﬂsang%wwm gniedimpeni cal
nmechani cal polish operation; FIGQJRE 10 is a schematic
Cr 0S SHBREL S & A adnersl sbematieqime @ niea teposantgipn ¢fla gorfixo pf dngier Dfegrated
c‘raﬁ fdb%t@(gd‘c%t &g tothd peddlst ilthshrddd ST FI@GEH 21 hodotdbHel Rt InH3OME RYBhry

sel ective etching operation; FIGURE 11 is a

?8‘?%?‘?&“ Cc cross-sectional view representation of the
portion of the integrated circuit illustrated in
FI GURIEUREd hisrhgpadr cé"ésc Betigne| iy ‘Tp&s%?‘i%ﬁhed’ﬁré‘i’”aftffh& fegrated circuit
ilfistBtdRn FIGURES!3 sekdnlaquns e g Hdmcchaionce titiney exemplanp brefogiment and showing a

Mg%ﬁe‘raﬁ&ﬁfor‘tlﬁp%%&f@ﬁa&@fn@ﬁﬁﬁ@ 1&0[‘ form ng a finbased
transistor for an int egr ated circuit in accordance

Wi th FR}?JR%)&? {Ig h(%g Mag%m?})%tu%eegém la 0%3515 Ii]r%et a§ ]}11%1 pgo%gggfoﬁllormmg a

schemati c nar | ew re résent a port
ftﬁfbasé‘h@t’%ﬁsé%‘ of it @’iﬂ“‘h"i‘ teeafiatee prampiae ‘a‘tbé‘am%&cor di ng to
the process illustrated in FIGJRE 12 in-accordance

Wi t h FERBER s a scheanf cgsysediptabidivrepresentation @UIRBr tiqndof th ingggrated circuit
FRRRHRARIcbr@indh B8 §o058 SHolvOR ’IGURE @5%h6vaRY 235404 tnakriaDfiov@fon blRtion; and
portion of the integrated circuit illustrated in

Fl GUBFGU%% 1; Qgﬁcﬁenﬁ&r c@o%sgseétlbﬁ?vlel‘/‘]’ep;leé'en{an)n@Fa(ngrtlaﬂ%gatéﬁﬁmt}ﬂGURE 16
an exenge %El ollmsnt qev show n aturgas i ng

BT BR e PrrEtedyert et FATBEYEN FI GURE 12;

FIGURE 15 is a flow di agr am depi cti ng exenpl ary
operations in yet another process for formn

PP based t r AR LEBDERERIPZIOY o CPanAR i s
accordance exenplary enbodi nent; FIGURE 16 is a

schefBtURE 1dyadlow diggsant depipiing exgimany qpe’pﬁoe%ilem%h‘)ii gprogdss 14 of patterning
IRk Ansor brifie filldrReg katied (GIFETU iThe foa bdr&oi iR Haa 6L AdyQF &@nple

SBIQG (%prgioﬁsrﬂ%gg%%e ?aﬂ?r}ﬁ\{”d A@dxﬁkﬁﬁﬁn&g’ feé)gx?%é %gnf7 r Lso%%&ﬁ{ons of

I ovi on erati on;
CBEHERHEY b WS8R A T B 5‘1‘5?’ SR A B D ustrates on
ap@tative@mbddinientdit whirh @ chasking Fedp GURE tobSrtestizowve Ag davindpaossrduring etching.

ﬂwcﬁargllaﬂ l(FIG@I@I“S?: usRR&E Ltk QRerdae LSRR Ried RamRK §spitc@r i@lHlized to increase
%%ﬁ’ 'E j | I_{ED DESCRI PTI ON OF EXEMPLARY

EUURE 1 is a flow di agram depi cti ng
exerrpl ar Per ations in a nethod or process 10 of
pat t a wafer including a compound semiconductor layer over an insulative layer is provided
in a step 15. The wafer can be purchased or manufactured using SIMOX (oxygen implementation into silicon
and annealing or wafer bonding). In a step 25, the compound semiconductor layer is patterned to form a
channel trench. In a step 45, a semiconductor layer is formed above the compound semiconductor and in the
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a fin-based transistor or fin field effect transistor
(FinFET). The flow diagramillustrates by way of

wexensp7er2some operati ons that may be perf or nedPCT/US2004/043106

Addi ti onal operations, fewer operations, or

t@AADTH &tdcDi Sie @mp@pEIe icomaitthr By prif@ablithiad d ba®eh Whith ¥adhds @b surface

o‘flth &gqag@tlaygnbodl ments. Flow diagram 110 (Fl GURE 12)
ustrates on alternative enbodi ment in which a

maski ng. s ct .sour.ce and drain
oot TOrE PPy e ATRaR o B BT G R gpeniconducer
laybrl theseby spmeynzaiiion i éop sufateef tharompaandesprepdiuaterityer and Ipgvingihwithin the
tﬁﬂ;ﬁCIﬁVa st'bpsss Ukel cbﬂlp%ﬁﬂ sdnfcohAIQS @RE S rénft@edABIRBE teavlfn@a Fit@shed dhbiel

rucgue o¥ %g a%-vgthe n laF Je?)g?) Inja’stepaBW%];tg gtruktﬂl'glsg %le\g to%or]lplete a fin-based

ound sem conduct layer oVver an Ins
“ia%“s fovided in a step 15. The wafer can be purchased
or manufactured using SI MOX (oxygen inplenentation
i nt o VY§ih[rdfears i dURESIeiabrpoayy 1 s utiliedd e fortpamaliiongp) an iftegraggd circuit 100
1t iB¢ud@d fintbksed &R0 PEFISIE FTALRBLUCT, 03, 14 AY 6517128 nR Akl Red

FII(QUIIE%r a?ehl@t@F%lsho(V h%rlln%lf? asFe!cn J% %Bc?a%d %% ﬁnasha ed chanrclrl region 152.

sem Co n uct or ayer
Fowger Bp Uﬁ@f‘?ﬁrﬁg&rﬁdre npf diapa o g igh thehiglasp ‘icﬁi"ﬂf’ ﬁor digwipgydficiency. Itis
noted 0 BIGHRE R vl (cepebulid¢dodr SChealyteally plrugfate Iaralblley arbiaxs propobdiodat cogineering

dmlingsh I{ ﬁ@gﬁ@ﬁ a @p 1sth§\*flsra sGe 1egltm ’I2|3§d a' dpa%ll'“a |22!/ n o})@yg Eldes of a fin-
semn.c 0

E ed ﬁ:garnflegg%aon 18 vAeéO ﬁonguci%r g Hgmged ver cohrallgxu é%gg)? ?{2 gnd a rgate dlelectrlc
laybre f&Wiychrisoyryigedreg thiep sifep @fr?haanet regiong! §F- fAq easn B FIGURE 3&%@9@ 166
hSLI0-hepaalLiGst-RbtiohaR3heye amiteh su@@Nd thgk sidts oid-dipad dhitRel tepiBNIGRL. Gate

chiudr $4 an@?met% lﬂl??r S&Mgggys@@dpla?ﬂr(‘edgugh&'éd oﬂfyl{?c%n oy,

reane her e eavl n
ALETPRNEly; posdygior IF@@P B%Prﬁﬁﬁ‘&é‘ytaﬂ@“ﬂt H@ﬁaio sides Lot ehgprstresiop 525

step 75, a gate structure is provided to conplete a

fi n- Bieleirlc lpyenlfe pas borade afpnyiuiikl¢ mptwinlde utedn FICQURES. Diclgstric layer
18¢ QA& RS Sa Il@*lafbeﬁ crbkb-becfioB 6hapeQnd @ BAuRicROMmtcbr@icidd 1 6621 one embodiment,

[ [

dle?-:gtﬁtgll }%}; 1%? is glr @ r%&ﬁ#ggcﬁfl %ﬁ.{dﬁ: ﬂ%lllo %%%i%lnte&ﬁdl e%fglg % éar 16(} is a high-
Kagats diglstiricd pamipilieRs nigids fager o feiRinayiator o peryyl 64 pnd e Aty 456 form a
esihgwctirhen liverg bidea $g3@ntabevat lopsuefes 0@ iobtinestlapwd chimnd! egiorsilia ibahnel
@ghﬁnfheclm tfe@@; e@&i tliDrRile sHONVENEh epithld o RAREAE A £ doBbHuRS erficBductor
: asﬂc n rmagumfa}%ht the high aspect ratio for

%YFW"’@ ef Pl e Eney . is noted that FI GURES 1-10 are

provi ded to schemati cal ly illustrate and they are not

pr opSHIP YA sRIYPHBEr PG EITERP Hiye oYl Pl CalgrEc iover 190 prg sides.
Ivinether ShigdBed, lgoU600ely cegs drann2eg@n th2andds @ovitled @tyiuadar 244 capuctor
180 Qx%ﬁo(uﬁ m%miﬁ@ zogate @onﬁdcmf&a@o%gno@mﬁp s%lurcg £0 arsmregi@% 22 fid 24,

I-gﬁave gaée Cfnéducaor LﬁG éa&:qa? Pr8v1 egto\{mlgei%& I‘ (a:xﬁ e\?'eg oveerl%) oergeésgg 8%1%% if
prangr dselatiph berpviddd- channel regi on 152. As seen in Fl GURE

3, gate conductor 166 has a U shaped cross-secti onal
shap@daniggeaaly, fig-sitaped virathel gl 52Siacka gativély fighrsgh ape treferably, region

1@?@99@@{0@9&&“@& agpsgﬂma@@tz@mpagm plzusnt Qk., altﬁaém@s@ranml& FeLiden

aBpé%/%ateg'rSmg %n q‘?cpfo )&T\l/(ﬁh is fl.ie% mmed ?)gv/mlm&néxﬁ gm ion rgati%%%gg%to 1/2 of

thyegatp leeail)-dla dne ewpoylmm the@epat raP(a‘f @r‘veern asmr@t@gﬂteiye@n%ﬁ‘ High asneveatios
asG@Htdad Wit Rgion 1B @bvR6 b hikiCcubr@yhsislobBroGaAn rdbEvayaaal &b, any
suitable material for use in gate structures.

Dielectric |ayer 160 can have a U shaped

cross-sectional shape and can be underneath conduct or
166. In one enbodiment, dieléctric layer 160 is
thermally grown silicon dioxide. In another

enbodi ment, dielectric layer 160 is a high-
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K gate dielectric layer, a silicon nitride |layer, or
anot her insulator. Layers 160 and gate conductor 166

wobanimoaigat e structure on lateral sides 163 an#Calsy®4a43106

top surface 167 of fin-shaped channel region 152.
Chanmpekerdb® Gin@pdi2Ranfebidgida 551l Die@id s@lnct QlidoRNSériaBnasiricRlet in

aca)cd%égalt %pdcésgﬁ)l ;Q‘Lcesg h 1%% Ero@egs%g(? %OIIdFQQcml()% c&%m% \fhncgness of between

sem con I con_german
JPRfFEpately SHO‘&Fﬁ“éiﬁﬁg apfl galg 9}&‘?0&5 gy & 4§05t hovs 2 ne&fﬁé‘?eﬁve?“é'@ﬁrﬁﬁnately
R4 agir5e Ac dtengdahooy indI@IRES 214 cbarhayegipn 155@n butibided wighi ad@®ty of
differ. e@ﬂﬁkm Eate%mgl% r@aﬁﬂcondhtﬁi’sﬂ%G h0 Bl QR Yay&e PA0&F ot GRAR rﬁ%lhmltmg

tri%gl on 152 and is provided only under gate conductor

As shown in FIGURE 2, gate conductor 166 does not
overl ap source and drain regions 22 and 24. However,
gat e Pebiichedmeth Gsméopro tokonyin BAAURE @ fiop 2 e dlespusce egion 27fo an end
B 4raia regioerbeowa@mppfrinkoly fené1 Bigromandla Sidth (ffompefiopeaht of channel region

is§ mlpﬁhnz@a) $rSoulRE M 'dnq{ﬁ ChoioMABY @rﬂ&@gﬁz%%m{atelf b Bushaged Source egion
ratil o

BoERERU L PO BT Fga s ha iR P PR o Rt
sarplp@éxiomee‘hly In2@eambertirernt] 2Geny Py aad @1 are nggdetoff fhe emenayriapntgeien 152.
Ndeidish2 gt 2be¢ ppaedyapRl QxH e bedr y-ty'émfpaa@ & a2EH0dMratid e 18'1 191 10%°

' LS £ ned by mninmumtransition gate |ength
ag{sper%)&f?%{ngft@t he gat e length). In one enbodi nent,
Lrgh%i}gs Ctdtcll’le%%eil géllonsl g r0v1§ ? 13940 [ gl)éulag\?étlg/elyw(iélﬁmatwe lajfer 1e'<30 is
raetdblyla berigd wedmsmlcfrlraﬁsqheq mﬂwprrﬁi%@ghyea Ip @P aretiogimpn lwnﬂq has a
1BiEIRas Hbehes ajployimattl) 006 hAPE 16fan3Neh bd RFideubd dnyite & substrate or
1 ?r‘l‘?* &nstilakned silicon material manufactured in
cordance wth pr ocess 10, process 110, or process
210. Cond ckness
2 or KPR G SOt DA PR Rt e S B UET e TRy peh o5
sligon besa frydnalvegeral 39 fiid d Rorvasosmpsfse rdicepsemingygyctox prmingialon(SPIGMbstrate.
ﬂféﬂla‘cﬁay An-stApell BQRHGeeSdA 059 tad 13 plolibRcR oﬂmﬁypeﬁdﬂ auBsk@ks and layers.

I—rlo%vg!/ep E‘le %r@tg'rrecd\ %QbogﬁlerH %srjojm!leg ﬁgné%ylre%nn ?52 l%(/é aﬁgrxula é%lgjelf g(% agfpbturled

pes of gate structures conductors
‘&idélaﬁf:‘tBP? abpygy aificon gstafe not shown in a limting
fashion. Preferably, the length (fromtop to bottomin
FI GURE 2psistor gsppeiaind wifhdesivhs 23 ouir2é en havgh orelDpart bavielagnphd piions
ﬁlr Rdidtegi @02 A8 sodtde leSon2@l M&Qﬁtxvalp Qﬁ’e@r&r{sﬂ&tc@l by simPly Bdf Shapkd. The

ron and a f Lo ht of channel
Orlerﬁatmn Shﬁvglén W%ﬁfﬁ& c;JOSedfmetseolllrJn r“%‘%fa%%a dr a| n r eg| ons 24
[ s bet ween. appr oxi ma
r egi ShFI99REMA SGi4r ﬁp’f"é‘&%é‘}‘iluﬁﬂﬁ ‘?yﬁr&Pﬂa‘él 130 é‘t ‘?IEP%%SdS -1, the various
Igiets preleiucings @¢ jopdrawngecgidingylo ecale pylglp splt inglyle therlatee haigh assogated ayith
QOURRBN SeCUDd) 6 gt 0 1s$ﬁfviﬂé‘dia&1ve ayled BOEQCC&HQEHM%HEEH 15 of process

{Ozlg[b&{}:sli};% ogeﬁ%bn%%negtr 1%5%51 En gi de%osu?ed %aargg e R vg o & 8059 gn (CVD) above

| ons
Wugwe k¥ y e ABﬁmaFVetYﬁYéfS G¥puh g 130ganpe eaﬂ% ?FtaF Vg Skb‘ﬁf%m which
138140 haudeOR0ongepaniins per cubic centineter. Fin-shaped
channel region 152 is provided above an insulative
| ay erLageso ishRekbiak &om@ouhagéﬁrconm&ar ly®r Q26 aiaﬁn@bd@g séhidohthubt® Chyer
suéll agae sn%ct)ng%lér(r:ntatlljugme Pa)(el?' Lt%g; %gg p%fe?ablg% goﬁx l(1on03{° bl] )g(?ex,a\%grg X 1s| n

ness
@HB’FW‘W& B ip “?U"GB“” allyiphemanee piyidt 0- 31'3/@)r igahetses %thﬁ\‘fi“&@’d"
a0 &y @np0,t1 P end 050. Syt apreferaly mavidedre a 20ns g Onmakiek layer and

ih&u@e@ Ltiain in subsequently formed region 152.
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In one enbodi nent, insulative [ayer 130 is provided

above a sem conduct or base | ayer 150 such as a silicon
woasws/o7eRer . Layers 130 and 150 can conpri se aPeTiuSz®mm043106

or semi conductor-on-insulator (SO) substrate.

Al t erEAGURET, ¥ apériuR oshadi e ichaniesh lafee gio@uechhiznce @it sie25 of

pE({)egw OQEI@UQ% 9)\/ ?reigl%ln}e Eengylgﬁgao ngtténlrl g)%ﬂn(aﬁ\tuﬁl t&)qgfal:eq)(ﬁ{f Eyer 130.

wever erre di nent provi des
Aggrigely ﬁ?‘SE"“ﬁ‘B 6(}@‘“5 ACHITPATS Y8 laanfé?o SRS ‘3‘§e“§°‘13ﬁf‘f’ Petlized for
tench 42 degydine updB@Xien altrdy @d sysisi barapsiars §u the firr-ebed iranfikie.

transi stor associated with regions 22 and 24 can have

a bamb@kb tmShaRe réhaidng:s b Ricger prad 20:@0hONGidth Obet@dée@ bpproximately 5

a{:l%hrg nTré‘l%h f’lﬁ gs r%&bxldﬁycagocqﬁ?eg k;vglpthgcﬂ'rﬁen&ng gf&ﬂ@l‘iabéé%l!la}{nel rg % 152 Further,

transi st or orien

USPEB T AT a(*ﬁfﬁE(“?O ﬁ“%"“ﬁﬁyhe dies ?F%"été‘bl‘”l hﬁ I‘?‘H@ L, ‘i’fﬁft‘f"’reﬁ@’pmx‘mmly
foagdronom].5 higrokin@URECB, a substrate is provided

including |ayers 150 and 130. In FIGURES 5-1 1, the

var i olde lan&Mﬁﬁlalt a&ch 32 5 eEhddir2Sh@sBhogtaphic Glo¥iN InBEECHEhGobkgs,

0 t
atgesfFé&QLé_ (i%gt haQﬂ'n E? &i}{)@@)r%ﬁﬁnaﬁe %s %@&ﬁ%&g&gmtﬁi ayel or layirs %)ove
lgyer 18- e prEgneq By & e “STS“()SGF?‘PV%"&“B 1 ﬁ‘t"é° Hrete Ffe“§*t ¥p 15
of process 10 (FIGURE 1). In one enbodinent, |ayer 140
can BeFIgERNDS i tare] 148 ys famedibay ek 140 dnstsp 408 precg$8t19 GHUREVD)
P@A@@Aﬁ@ lbyRsuh afsitié@ntieB)oCiendhid@2. 1AYet B RPtetekaBll ¥ 40 | MAYRItHk1aFE formed
?roﬁtﬂ groge?? ggprgegret{l)e[mg}{dnge%g a?e% léﬂrg fc§%d b§ ts@e%ﬁx{a Qﬂc%n %pﬁax1al()growth

es SI er mani um
ysigg ﬁﬂi‘”éffdéilaéblaﬁﬁ/ %d‘@@ﬁﬁb‘{lﬁﬂ@s‘%ﬁ d’éW& tor |ayer or a
strain-induci ng sem conductor |ayer such as a silicon
ger maajeutt Isayteined lgyenyeg to the @mpaingyenicandieptyl Byen(sibenprondnivin oxure) of
l@gr 190, 1 Side 62X of; et €10 €ervs ad dSsecd D Elﬁs)ﬂdllﬁ{aéralltyof@aya 14416k siliSon germanium

IEI;{P ceF] c%lap (? w% l%&\{r l4d’]rﬁs:i1ﬂ§n W@\%de S Qed]fnt%rgltlg Slﬁdoi}%& 1%1%% 144, thereby

uce

CECAERE § tspile SL18‘§) alaygrify- Aga ’iﬁ?“éft@r%lﬁi“?‘ siffop W‘H%d Wb ayer 3 Hipublest to
wdnRGRwaid hi ck | ayer and induces strain in subsequently
formed region 152.In FIGURE 7, an aperture or trench

142 ithe p1RMoslSrEndi0 stllalﬂ)(ﬁiyel]l@cahsas m@ﬂlfcdlﬂ\ﬁﬁﬁ:e YinlsRssScia@P with the
sglcon(?attlcg{o u{creeg’s‘g’ m]éxget gg gnngB F végnce bandg Io%ec% e¥n’ ene&%rg Rgi{] resl%ﬂ'gf équantum

effety, eleﬁarqnéfffﬁ‘awlwaah appf"ﬁ‘élatﬁléﬁ?‘i‘yb‘ﬁ%s &Pentpw%ﬁnghzhe ous enefy bands of
theBfratiet) iticdn efona. hayrewlt, t8Gr mMality io dremaitaipingtasn & lgyen 44 efering

tﬁetpweat@%eas@ En dhobiB) 9#@%%9%@@%@&@@@& A6S kDb 1eE [T‘gf BE:bad in

raneters fo
SEHHRR P Bt 4 SRS a g TS
balmedao wptdptalievide sioeitingeesh ofph Miheitrferther|rspudsionsf glze@ AfH reduction in
pbWv& Békumbcd WitBouRRR¢ERA ih YerBSBA6] at ed W th the di mensions
of fin-shaped channel region 152. Further, trench 142

\(;\/Ia? h I'ﬂ@i?’[@UﬁE b %ZQMA 1s(shggcgo Qilglgovgllrggr))( ﬁtﬁg%m oﬂf’i]cg%s ﬁﬁﬁ@gk@begx one
e R (21 hehueen shpr o meiel v &, Vo sy tver

3¢ Thepatrecch! fha CHP prigatico kliotkBisr Eib bei remapirinapergiee, or Franchd digto Bipe ¢hannel
PG 85 Qlterddtitdly; @flciiGlphoves (ﬁilﬂl&tuiill’lg&o reRare thysrasks, and
photoresi st materials are utilized to pattern a | ayer

O rol @'ye?e[r'aﬁly QfPe%M% pl‘o@ééﬁg St(;lf)ﬂ'éa 'S0 tiuﬂ @tyap @Iﬂh%ralﬂgglt %f@%@&n %roxmately 20
i?é s.are use tgh s%tloectlv é etch | ayer 140 to

B¢ BRI EREW L 4ok i ﬁféﬁﬁ% ‘a layer 144 is forned
above layer 140 in step 45 of process 10 (FIGURE 1).

-7-
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Preferably, layer 144 fills the entirety of trench
142. LayW 144 is preferably a 40 - 240nmthick |ayer

woaniswdiay a grow h process. In one preferred PCT/US2004/043106

enbodi ment, layer 144 is formed by selective silicon
epi t axFIaURE [001a4en140 Ssirdh@ vl aediancelviBislefIse of pifdds WIFIGURE 1).

]géfgrmlyo ﬁl}%ﬁ i4b %%ove(ilrllsa,l cﬂgetcﬁ}{ge(%ﬁlqm@nve J‘o%%ate #{]'4‘ le!yé lfba In one

st ral ned %/ npoun sem conduct or
iﬂ??q“f“?}bﬁe EFTHER Feﬁlmqh%lf ey B fiensPRPnYD Bith reperialiey 16‘1"” 140
dar @neipveldP a we pneg isgiepia eigie Gtk diobing teahyi®E & Indtisrelegjreadayer Oift, thereby

1bAYE fin-shétdd chdd& reioh 158 ORItBHREVAR AR dchlidubsesh R 8RRGIALRH . layer 140.
with layer 140 results in a nore wi dely spaced

inte rli? I’Ib{ﬂl@l 1 2 éale dgf‘ggrlé l%}:elt 1'6& § fo}'nﬂd ln@%@rﬁange%m sttgh%g g&) ocess 10

creatin
FIRREN- g&%ﬁ’ 4P Ca§ PT tf“’&‘&*ﬂly ﬁ‘%‘b‘if |d%i’f’5§?f t% tP’H‘“fségf@?twefﬂﬂ’p’i°§mately 10 and
Phbp betret expdsanslpslobchgineladgion 15Fhis FERMBES &ait #.0ayerdbs ib pmdded ©

@hnpietk e £a@ sthAMAR! Labd46LAMR@S0040 MboABnied polyGIRBh 14R] RFYSIRd by CVD.
bands associated with the silicon lattice to i ncrease

ine r\)@{‘hgéfer@l@eqo %G% I1 Proéégll ?ﬂ?s%mﬁ]ﬁ?ﬁ&e& ?o igevﬁlch ?egsehallngg the same

ener resu uantum effects, elect
laf e g‘ﬁ“\?@lei?e%’iy ol Saé“ﬁp??)‘ﬁﬁ’%%qs%} 15pddpsasier \eh glierpxiagjopgound
lbshr BOghccbii@cd votve rousl@rigyash afiarg 650hn te hefosite mbtrad of sp 65 icodress 10
feibuRaYpr 144. As a result, carrier nobility is
dramatically increased in |layer 144, offering the

Y ote %1 h@iferén@egg F%%EEé E& aHJ?lQ' #1 Lt%p% ﬁsooff pr§cQsO{°l ﬁ)re JHQIE EM grg&ctsl source and

el ectrons I NCre

FEDTEFIE 37 AL IS R 160 A Ot G ppdirgyt é?urCF BRI RdTin rpgica %l ye
dnufepurdd droril Jafer ed0tberady previdientlicangtr@maim mbledd fr hagdioneSengile gtress on
émlnel eegﬁdl 5§ 01n @lﬁmh&r Rail e p?eeenﬁ RGS ghol |fr91§ B@;I@s&looe‘d a3R%d points

R KRt e T e
WIﬁl 14;:;@@109 are prafoeiqd by Aapk i - %%Jl%‘@enbpepfatowéqmvfm magl, @fprd mpsk, or
@heSdule Moterdf. 1PEn0 ERBSImA), n{afkl1EIREI1EIn dickide @ BiGcor Ak MRt |
a chem cal nechani cal polish can be utilized to renove

al | qlt mb@ﬁ@ r4 A dribils gyersdam @6l arg-mMﬁer a@&ﬂﬁ[ﬂi%%@de add ¥ not include
Peliggied bt R P iop iR et g B 3 s

iathowar in BRGUREY 43;140r et chi ng process can be utilized to
renove | ayer 144. Preferably, the CVP process is
St oppeit rg@entt@FIGIUBRY &, prdches 2 HEiSsimilali@profatses 06 anb @toweelich having the

BROELHo Gﬁﬁs%le)éss?r&lalzm s 0Nl dr, %F&e@s RPh&RAL a@@cep 3of @R 4 GRcer

PSRV A B FRe TPoRE SOt e B e dem Sy sep allows
[ighp-GRErat for thyfiafskapedtshapnel fegignglp2 t9 Bbuilts Stene2epe bk petforged@ftey steps 25
Al OB lakideb@ erkps k@ 15l atshey €0 @110 A@petmtIRr i al of | ayer

140. In one enbodi nent, the dry etching technique is

S el e Glth!: %Qzertnglteﬁil lzdn%gpcoglgcl‘uﬁ@s@ﬂu%hdé@o;ll}etr &3 PR 6L thd Bme material as used
e. renov

orslalf:r lgg Téle R c&rﬁnateﬁaﬁ éangf %:E;i:tﬁedy %r%wdwﬁt,n& K%lq] lggﬁr cgfo(zv&gcross a top surface of
lasest 140 osi wekbastwithip tignelr 143 2nd they fslsetistiyrethavedvi ng i n- shaped

channel region 152. Alternatively, etching techniques

can bweithuéférint 2@ HHGURES Brod/g, ske@ 927 10f tet@s 210 1% distutselREEIok IFIGHRE 16 and

Qﬁﬁeeﬁotq}a@h SQJafe b db ﬁ‘é{ etud el lal(r%h%%f Jé@gatéd%tﬁ‘ﬁl@%@@ﬁ@ Qn %Mst h
ein‘Sf n$ t % ! OC er bﬁé compo 1co£d t n{a u h 1? m
EPRET 5P 24 ’( 55 1“? oM GO I?Wé% Bf %’%F"Wéa@ﬁ‘

appr oxi rratel y 10 and 59A on the three exposed sides of
channel region 152. In FIGURES 3 and 4, layer 165 is
provi ded to conplete the gat(—:“g structure Layer 165 can
be a 500 to | OOOAt hi ck polysilicon |ayer deposited by
CVD.
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Wth reference to FIGURE 12, process 110 is simlar to
process 10 in which steps having the sane |ast two

wdi2gistisiase essentially the sane. However, proeesasibhd/o43106

i ncludes a step 165 of renoving conmpound | ayer 140 in
RAGEOROARCBOWE fekinafiub GUdyea A IL&;,I'elnl 50RSKraby S &R od BBralGREWANEof trench

LR T AT W e ﬁ'ieggRgf 1).

th reference to in st

proc k 134 pr ts source and .
oot drderh i D prergPudhe et i %ﬁrg Yl orsina
wigily pa &e tedigiddnas2@chepmeppidxiniivly 1086 pormt2dmere by treaippef lact 1it-ed
fromlayer 140, thereby providing silicon gernmani um

mat eri BIGURB 17, tagérmi1ad mrhdvel ffo@a sdpls@fagtof B8 SAl@matBHaMm)e 151 can remain

a%@gal rglgb(\)lgrﬁﬁr?-step l2@5 stnhl'at%o !@m%ﬁd’ 16%‘%}8%;835410%{@\{@ rﬁ §he Lnﬂ%(ﬁlﬁ%ﬁ layer

5 0 o QA PP Al B APl § DR 140,
AfgitapAg], ppcey AP comingaymibeto prateen f etlprogssldei at ed wit h
| ayer 144 which are protected by mask 134. Mask 134
can heyealphatbodepdstno gy aptitaCvapi Sdpositian frawtsl ATRBSKqtheOkchiidub &ra
&ﬁﬂn‘n@lkﬂygr Ffﬁetcﬁ)gs s@cjtronall &WQQ@I&J@@% mmme sm% tl:le?éAfne c§nﬁ§uratlon as
I|con dioxide or silicon nitride nateri al

14 the various layers and structures are not
dr awn accordlng to scale and do not include the | arge
hei gHtis WeEHEH At adilaiherdpile] RIS smeific exqnppleg sgietial Bies: thigkiseses,
dhaped afgiafiedar tdhesgieagrevitie b brefatea pedpliry ant®diGEndst the SresSil Gdhtion,
th%r&ér%gﬁala}y?’em% Athmewg 1Jar tﬁe%tuggsg&(flﬁrstk@on Ll%gmgtﬁod ar& ﬁ)gr%tﬁ§of the

Is siml havi n
’t“ﬁ‘é“"% S g tP%%“‘gﬁ d&?‘f §“dafPr€‘“%’§ §‘é°ﬂﬁ3?da I"F“'if“sc ‘Wé@"ﬁ Qi’rﬁ’e hade o te
deloipatisdpsed withowt sepgting 1om ithe ecbngdEibe ipvegior phichdszdefiryd hyHheddilowing claims.
spacer material is growm within the transfornmed in
step 225 to narrow the width of the trench. Such a
step allows a higher aspect ratio for the fin-shaped
channel region 152 to be built. Step 227 can be
performed after steps 25 and 125 and before steps 45
and 145 in processes 10 and 110, respectively. The
spacer material can be a conpound sem conductor |ayer,
and can be the sanme material as used for |ayer 140.
The spacer material can be selectively growm within
trench 142 or grown across a top surface of |ayer 140
as well as within trench 142 and then sel ectively
renoved. Wth reference to FIGURES 16 and 17, step 227
of process 210 is discussed below FIGJURE 16 and 17
are not drawn to scale and do not include the |arge
hei ght associated with FIGURES 3-4. In this

enbodi nent, step 227 fornms a |ayer 151 of conpound

sem conductor material such as silicon gernmani umrhavi ng
the sane ratio of germanium as |ayer 140. Layer 151
preferably grows on |ateral side walls of trench 142
to thereby narrow the width of trench 142. Layer 151
is preferably an ultra thin [ayer. Preferably, trench
142 has an original width of between approximately 5
and 1 OOnm - The original width can be reduced by as
much as approximately 10-30 percent or nore by the use
of layer 151. In FIGURE 17, layer 151 is renoved from
a top surface of 140. Alternatively, layer 151 can
remain

9.



10

16

20

25

30

and be renpoved in step 265 simlar to steps 65 and 165
of processes 10 and 110. In one enbodi nent, |ayer 151

woamsheinenoved by chem cal nechani cal polish wrOTais2004/043106

renoves all of layer 151 and a portion of 140. After
wHap I2eZAvenasess 210 continues simlar to process 10
or process 110. Layer 151 can be deposited by chem ca

vapory, demslllethb@&fmlgg\& flfhysha%ledlghagﬁel lteéuthqrszi sﬁ@mﬁog %pﬂén a

conf or ﬁES

o Ve 8 BB e PR B B Rt e T o6
FIGURESﬂ@g9?m¢ﬂhﬁbn@hﬁﬁwgm@%@wwﬂﬁvﬂwmﬂw@)the det ail ed

dr awi prg Rling Sﬁﬁlﬁddfsénﬁcoﬁdﬁ&ﬂ’piye$L44)ri&{v€tl'1é ca]npchyd%&ﬁconductor layer (140) and

Hﬁnctl!l%gl@r?bﬁ ﬁ§2) t&ln@i%n hg@énga Qc%tega%the lsfff‘aﬁ dvghfn!fle?l %gll (YS(EP

rovli rererre exenp
pr eséﬂ?%%@%ﬂf*w}ﬁeml%Oﬁdé‘cttfﬁaéfré%‘Péram élseéerfbﬂ cqpRPURd R PP respr aver
([149), fthorebyt lpeingiby spawed sepficondudtear svar E#4) @ithiothd tyench THR); et hod
and a@mﬁéﬁmy&mwuna BRicdnBRAhyeQM40] 1§ 1R the MlafMldsGflcoh@cbNS er (144)

e.det n itions disclosed. Various
;Bﬁgﬁnégmﬁg?w mmm§ ém?ggﬁhe details disclosed wthout

departing fron1the scope of the invention which is

defi rfed byt &t Fepiuk HEhetruprivae Mpjdine proxide mptajelf &) adjpeent lateral
shlevvallt bl fip Fhafed rimnaigegion { i52)-astpapidids €da namélctor @) osar thelo5idg material
&dve met hod conprising: providing a conpound

sem conduct or | ayer (140) above an insul ating |ayer

( 130)3’ p r q}{é ngelthllacgot”@la&nr \Ql%gém(t}%%g-gha}%:fﬁl chEJLQ %%Hg?ﬂ I"llgludes silicon and the

sem conduct or
CEPAETABIRe T leﬁ’S)(é‘fo) ‘6 ?Lﬂllf)’n i {olo)ach Ffﬁ’é c o npound
sem conductor |ayer (140) and within the trench (142),
t he t4 encAhymepg ofglaimpgwherpindie seaengd epmeiinehiter Widize § mask H 3 alep mask
;ﬁ(h@ﬁlr@@)brtwn@&itlﬁmorﬁplﬁﬁ)sémicroﬁﬂﬂét e (ltl(t) @or 5 $ohrdd IQ@Q (22) and a drain region
é§n1conductor | ayer (144) from above the conpound
m conduct or (140), thereby |eaving the
strai’ned ééﬁ@&ﬁﬁéﬂ@?b?mv%?@?mi@%ﬂ?m%FﬂﬁW PHESHEench
( 142)ptoviglingla firg haper (14Q) abdveanGipuipiogimc: ($TMabee sG] thel fizsy Byer (140)

ﬁéﬁg%mggnkgg%thge strai ned seni conduct or Iayer (144)
and

o B a0 AR o GRG0 I T P
lyei @@t eri al (160) adjacent |ateral sidewalls of the
fin shajanga ghiaanelerid @@) @hif ldguand2)pnovi di ng a gate

cond (160). 3. The

met hgﬁkﬁ?g&%gsﬁygﬁﬁ&u&%ﬁvﬂéhﬁ% EB&SRLaped channe

region (1 udes t he cop

seni ondu g@ ﬂ‘ch‘ifé i 1&6}“ ‘i°’§p“5m% ‘i“i‘“é& i W&hﬁtrﬂ?ﬂre (160) along
sfidgwyadlp and 4 top Thlee siittethoeiergf(144) ai m 1, wherein t he second
renoving step utilizes a mask (134), the mask

prot gct i nGhepoitibd GRisinGf wicha te erpelhnt:is aad) cpraidetaddve the first layer

@@W@&d&;&gymgpr a source region (22) and a drain
region (24 . A net hod of FlnFET channel structure

for m%t I On meE'le or}?%rbcgtg (a:nom ait mrc m L{dgl\glli%lé%%d ?%mmtor tEe method

I ayer ( ove an insu
%ﬂﬁ@?&%@éo the first |ayer (140)

providing an insulative material (130);

providing a strain inducing layer (140) above the insulative material (130);
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i ncluding silicon and germani unm providing an aperture

(142) in the first layer (140), the aperture (142)
wext@nding to the insulating layer (130); provpdTug24/043106

strained material (144) within the aperture (142); and

I e Mo VireVilling Beapdriufe $142)libtliekraid ihdhOpg hyer @ave the strai ned

material (144). 6. The nmethod of claimb5, further

CONPIbiind@ stfagsma&gal 4G R agalt@[le @qi)rb_l, Glegh %%wgﬁomlﬁo)
al ong sidewal |l s and a top o t e strai ned materi al

it 7409 RO B P tRE Pt W Jab e A
bivp seefugrdt %@‘epltaxy 8. A met hod of fabrlcatlng an
integrated circuit including a fin-based transistor,

t he rmeeviivela gatsiciusi(v96) fathe fisstofture @F2Dvi di ng an

insulative material (130); providing a strain inducing

| ayer9. ( 140)e mdiov & chine, WiRsliliabies@e (18) B bét@den {pdrdfhately 20 and 120 nm
PEOVi ding an aperture (142) in the strain inducing

| ayer (140); formng a strained material (144) in the

Z{)e{ telg;te éﬂ!‘gge& 5) %f ﬁlg%i’seof%‘] W er?mrtge 1%1?‘0:\(/{613' eé)QSrag\e/:\tT:hggg ét?pesggcﬁtﬁt(g silicon
§eEnepigar eby Ieave the strained material as a fin

structure (152); and providing a gate structure (166)

for the fin structure (152). 9. The nethod of claim8,
wherein the aperture (142) is between approximately 20

and 120 nm wi de. 10. The nethod of claim5 or 8,

wherein the renoving step is an etching step sel ective

to silicon gernmani um
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