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WD 2005/ 071728 PCT/ US2004/ 043106 METHOD OF
FABRI CATI NG A STRAI NED FI NFET CHANNEL FI ELD OF THE
FOERr? The present invention relates gener&lTIYpzply/043106
integrated circuits (1Cs) and nmethods of manufacturing
i nt egr afe@gorc ok CEAERG caRE e RakAieY! @fddET bhamaiesent
invention relates to a nethod of fabricating
integrated 5 circuits having transistors with a
fin-shaped channel region Fi nEETS. BACKGROUND OF
THE | NVENTI ON | nt egr: ?’%%ﬁ‘ﬁ@@{@bs), such as
ultra-large-scale integrated (ULSI) circuits, can
i ncl Teleesas inpagHgn rekaes sesprally i intterasA citcpia 6D gndarethods pf neppytesturing
inféhr@ediedBlts. Glore@bititulaCa the praxed: tidketin edgedk @RRhar oy LheRitmg inBxhdie
i3 EEhS QDRHGER! wienl EVRRea b aﬁkjdegsﬁ [8%ketd ansi stors (FETS).

Such transistors can include sem conductor gates

di sposed above a Q]‘$RH&3|OFrﬁ%I§QESEE' ﬁpetw_een source

and drain regions. e source an reglons are

tylcally heavi | y dvvlthaPtﬂggdopant e.g.

bor JH§E ¥+ C’aJHHSIQLCfW@ aaﬂb‘dme spale injeerated ISP Hespis pan inclydgas many as
ont millivg irmbigesorpecofie WAirtue rap inclhdeiconpieSitironsal bxddcisditiRRSa

(cm@) fﬁlﬂ%ff&ﬂraﬁs%[&s‘ BETSTRRR bk iMork O DG CRARRELor (18 g[gaagéd abovea

channfﬁ {regxﬁﬁc’ zlng get»\cf:eer? %ggqfa%? a{] L ain 1?%011%2[%%%08 Fey an%ﬂzg%r%cﬁx?% %Lé[fua}llysheawly

do?‘-’é PP WP“(SW%? erbensr BNHEe dappraft-es pojskomysdhave been
proposed to increase charge carrier nobility. For
exanp IransistdrSbecampveailed, 019 adsirobidth incréasd tha char@R&HS MeWiISy Mtk Efannel

regi A PInGr &'ml}é’chk&&é day I@r@nopiQtFr YiSrkdsds 9195%1&1“@1&%& of it gém%& Bl@i}{n%l, 1e%:ons

fm'mecF ine olm “é eggseotl“gr t&eim 5 élgon uge gcen pg(gf) gty m§’ﬁ$§%$?%et°@ Tier ml@htgl ToE-%ample,
Gowmtiﬁra%hlar o} teggeéstorsrdiish tybies!lf wiigrealyshiyonghaestiagiingjunes tieew fvinidodn 2
siliBonSQALGANELE) eitadidliaftr foble BplasS SN SIBY sdBraB B Sih@eléﬁtaxtai layer can
be ﬁ)hlléd%}o:{]tc X&J’e lrgﬁuc(\.@ se@ncblmcﬁm thﬁ@if(r@%ﬁ %I?n? {l{l 0 é:gous 51 hyg1 de (a-S1:H},

an @?%%ﬁ?l?%ﬁ* Wff‘F zaszﬂﬁlj of P lkEF BpebMd oF Y igrdae mnﬁ iggiption of pulse
lasiybgms. 20 In a bul k type device, such as a netal oxide
sem conductor field effect transistor (MOSFET), the
use n 0k Yipe deRicdTRLIES b Akt ct@Benlk@ndugadiel focictfﬁﬁrfsﬁt&'s{ﬁom €f use

of §i&e nfa@rrmlsrggpde Iuée& %’mc@z?spglgljge% J[ mOQl[lfP/ Q%co@ail}z }lophole(i%‘)rﬁ cr:alrr%rsSA le'g\sde

tens)le tral ned [1con ¢
St“’é‘ ef ?I‘&%Ch@ﬁ%l FEST S Pﬁaaii“ﬁ’i’ H’@“”@‘éi"}t?ﬁmg@ﬁi“a”@’a’ncah %wceca@larnrqb@w 25
timpendater thay a BonGentidnp!$ebangd! egitiaiue b dwedcationsaemihd @N@de oSe reduced
maGRABREH tl{e @cglln Qﬁhnﬂddﬁm&% nfa%ﬁidll Cﬁc@orcﬁ&r th éoﬁxrentﬁyﬁ;aﬂi IR rfdriﬁzgio:?t@éﬁmqucs

for gnl{ilg%e devwes a d(ﬁ:taz% i ‘ljant mnﬁac ar H),eam ?pztaxAzM%l{j g,clwé]uetfgms a S{-Ge epitaxial

lay&roﬂv@ﬁ% ﬂ&ﬁ\éﬁE @ihm@e reﬁwsnfav Poomlicead v pgeneise e@Bpfegrand is not feasible
for Bidds kroBuyg@ ofiewi ces, a dopant i nplant nol ecul ar beam
epitaxy (MBE) t echni que forms a Si-Ge epitaxial
| ay @liuble 'gk!«W%Mﬁﬁors Lubieas MBRa u& 6D theckﬂi@on[o%ﬂgélf{tﬁ ?SOY)QI%%lSLms or
Fm? aEﬁ [ ém%fant agvantgggg Y latecf CI(\)/ 1§§11edgve cg fenrl a&lug%&rﬁlmlyeto ﬂﬁ'tt gaanne effects.
Aﬂtﬁfﬁléﬁ@fm agiifeth Sy DWW%H‘W& 0P Tgfaigliscusses a silicon transistor
in v&ich k@ @tiv iy iNSibibudcO by {e860bn)twd fi@E HoS\RN, SouBlE gate FkiddlsTom be

RS m%ium h%@l@@ﬂ&@% ﬁ&%ﬁ;oﬁ 5&%@ tle; {qfaueb' Ignhep ;Amng can be

muni t sh annel
g e o RGeSk ot P G B Fing s
be mpesFE: PMOS' (1999 | EDM) di scusses a silicon
transi stor 1.
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in which the active |layer is surrounded by a gate on
two_sides. However, double gate structures can be
WORBIVER% to nanufacture usi ng conventional [PET/US2004/043106
fabrication tools and techni ques. Further, patternin
canBheey ofpempile piin srsdesys ogted oves REpd ghap figida s e
an YO fuc@reS ChriveridralFinRET S8l dgk@lhhve den foirdad hackiapenisi odmiggntages over
devﬁ@stfﬁr%%gdos% sem%ynducp)?subsﬁpﬁ@&%trpét:&r mchSCimgVQ&QQQ@JII@&%Z@&WG@S,
1edﬁcﬁ%lquégelc%legtr%ceg{?g}? ;}/ be wg%y/ gﬂo&aﬁgﬁn 5 1&(18?%?(:]11;) cg}ia(atancc agd 1educt1on
or diinizniph yf shetthwne ygpliagbeSGIn sece pre igingesioto ApEY c@tygpional FinFET
SOchQEeEE-rmS@ adﬂﬁééb&)@& MogWers RRRRA of Bikehitddubansbstutcnauaer sarf

congtmﬁtéop,r r?eis ndgnYe%{a[ oharsi%}ézlwgc%séf tﬁe%:'i-‘gg sl Esrégm& r%gi'nﬁ? %9 h’lg Eag’xg as those

| sol
of Qest MESIE T8l ogivesdhs FinFF Tserpiceesbpiy a@%%@% f@éﬁ?ﬂﬁ@ﬁtpfcalwé%@@a
convati@broup MusrEwenicdlMot: rekafmnt.ssliceneduced chip

capaci tance, and reduction 5 or elimnation of short

ch a@ﬂﬁin SMM@ N mnb @@I\@Fﬁﬁs SO G RedBBIGhy SR ﬂlti&r&@lhy@@ﬁnoludmg a
ny na
pha (Fﬁ; t% er aebogom anil ‘fx_alr_iciat ngr(ﬂflglé d‘.l}’&% gncb Sﬁ%ﬁé ﬁ:cg?laﬂg Q ogseptoblems

ages over sem conductor
st ot awte%coef@@"a% he ghotgropist lage Ryt LE thepsr gifr thfigacture. In contrast,
theﬁablfbdiaﬁmm:aahay shaty 8tk ertiestge oshedi situatere.FTha BERC mgube thickhd the edge of
the fi Etlrul:t% CIOI{f%IY at1of'ilfeﬁs {oha%§@nﬁcha§1mten@x§ﬁm 1RfAQk hl?erl and the

eca drai n and channel

pm?‘%@?“d%‘ grear eﬁ‘i}rﬁ‘ ‘?flgllq"’;‘?as?‘r‘&?féze %‘%erﬁansg Shventi onal bul k
MOSFET sem conductor materials (e.g., silicon). 10 The
fi nWeenrarludnedinlET HirerresgOp deghoy t%@ée lThaee! it ve @ high

aspBaol ASiegheragbet diid fieleain thah@s@tcie alldve k nghierngpowant of current to be

pro 19&%ttl'gtgugl$ﬂh§$amé z@%% of ttﬁ)oé?é%hlga@maa Q{Erlalof&@ ffibﬁ&hén\é?m&@ﬁkdt A&

l.icon |ayer. Various
@B’F‘%‘Fﬁs X“é’ﬁﬁ“c&ﬁ &t a‘%s‘f ?’/?sfaé’ﬁ%iﬁ "a configuration. The
photoreS|st | ayer may be thinner over the fin
st r Gevs.direes, is 4rppd &5 pt iptegsiied cirpings elsgoRjsqeripedihingludirabanphrgaitye with
highe@ Edndeih Gty sHighér@m@mge shoff chkdre effic, asd ke tduve@urrelthBiriBAREre is 2
need GoY thotdlgk ﬁkeu@rfg ¥ EB@[‘ &Q&?ha%g snfalGitifdl MinS s CENK Br thezséﬂ&pxs a

configuration ['eads to ver-e
neefl G @ eI ERECHigg) S e pBrys I F@&ﬁgf“é{% PR
a nged Guin igmemtisitie FoTEE dee.t Bren faitpiestilh thete fre need Hnaicdivignt metigeh
maﬁ[ﬁﬁﬂﬁ@cﬂh% hsB@t rhrloMifr Elict&b. M Bk i@ Sherelid a vl f6 @ SinFATUS/ick Qith a

ha
strarmgél sl,emmon&mhm ?xhs%apec? chazmgi nelécé‘g u’xrc?evw fgnnerathn% 1|9 %neccﬁ&g%%fcss of
fabeiqafing@tfipF BT @I"‘F%Wﬁ aﬁ”l“%s@‘@i‘o"%iﬁ‘ﬁrdﬁt“ha@‘fd ®ftent to be

provi ded t hrough the sanme anount of topographi cal

area. Heretofore, fabrication of high aspect ratio

Fi nFETS has not beenswlﬂéw@gﬁlﬂgmﬁg NTI@Nge- scal e

fabrication. 20 Thus, there is a need for an

i Nt ageahgley ehtidiuént rebies teh eaiod offbraing @ fii-theped thartvel iegiel. (Tthemethod
mcfﬁ@é@ Btréﬁhmgr e?cglln&yﬂxﬁi stmxigohductm 129'51 (ﬁﬁovgﬁaﬁﬂﬂng l'sm:bdnh b%ﬂd]ngmr%ﬂh the

rLve

cmwm%é?ﬂs%méctfﬁzﬁ(él 1rl'he g?dﬁ a?so melu(res plowd‘i gantramed hl?orﬂdu%m 121.}"3[ above the

CO’MP@GW‘F%@“F‘] Gy Erld "d@\’?lﬂ'@é@wq”l ér‘W tffgchgsffﬁqo'flau’élr“i‘tt‘ i shaped channel
regihh ITEHR @At SurthE iR Mdds kembhigthe skdied @micgd@tor a@elon addve the compound

senﬂﬁoﬁi&(&gr I%fei a%?l@rﬁnsv Ethle El)%pci;né @fn Qﬁlqucﬁﬁ* ‘aﬁrepg rlea\feltlfé sﬁxh@tﬂﬁgwnducml
13}’F{éé€tf01fndlﬁﬁ fgg Sbﬁpﬁ!ﬁha‘ﬁ%ﬂb@%w Iwélf”i tlbe Sﬁ“ﬁ%ﬁ’f‘cﬂgkﬁto& layer ’E{f gﬁveaq the Strained

serfichnduoteriayst is ki witinertenschs a need for an efficient nethod
of 25 manufacturing a high gspect ratio fin structure.
Further still, there is a need for a Fi nFET devi ce
wth a :
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strai ned sem conductor fin-shaped channel region. Yet
even further, there is a need for a process of
WO B U&S ng a Fi nFET device with a strai ned PCT/US2004/043106
sem conduct or fin-shaped channel. SUMVARY OF THE
| NVEN#hOMeAplare senine ylaertboditve piFinf &l etmad sttugtura formetidno tihe
m@l{od fnemcm, ﬁ@ld&gfa FBFI@QQ@@QMQ:@QHE@‘&}'J ﬁ@e@ EhbstrIt'@ &nd %hm%n apsilure

in t[ N firstl‘l C)IES Ttgarfo sY Iayef mgudeﬁ sx(fmon and 1ar§uemnz]m tge aﬁaerﬁue eicteng %ﬁl{: 1n?1iliatmg

Ea)teh é‘he ’E‘@Wﬁ@i‘i’ﬁ‘ﬁf‘%@ ﬁqotigjlfgdt@@qu@qi m@l@}ﬁle»f«:thm 132 @eq&p@q bameying the st layer
to leme thd @medoeagvitldi Ng a strai ned sem conductor | ayer
above the compound semn conductor |ayer and within the

tr eﬁ%rhnotg-eh&e&ﬁlﬁﬁ&rﬁodnﬁenﬁ&eﬁ&@d ﬁﬁe@xtgd Wfa%ﬂa&r@% 1ﬁtl3é1a'te% Iaii%gi?ﬁicludmg
rther inc

a f%t])aseg] t%anmstor: g mcthod mcE m:T‘ s (9[' 0t Pyoy @g% anfmrstg%v %abe\)g p{cﬁgmg a stlalg

sem cCco n
mf@@md BaIféove de W”@éﬁd@@@% rmdl pwy’éwg arvekriie rdistrag indheng layer. The
maDafakindc Sie T 0B 6l e h@mateay Rihch@itreB\aecdtiR@pititifl QoM Gemoving at

leét%rfsi,&mﬁuv@&r% mgémg ANEL m@\@g QD o) I1A¢Q;aaabm%9uo&!1 nnel

regi on ral ned “sem conduct or
p“?"’éii?ﬁf’léaﬁfS“‘t°f‘1'bef§tﬂ]”§ilﬁréﬁ”“esem conduct or | ayer | s I eft

within the trench. -2 WD 2005/ 071728 PCT/ US2004/ 043106

Anot her exenpl ary enbodi nent relates to a nmethod of

Fi nFET channel st PREF BEECRIETIRR QIEHIE AWV REShod

i ncludes providing a first |ayer above an insulating

| ay éxenabuvabalinsubgitl betader bavidsopred vittdfergneatn tha premtpenyieg driwings,
wheddi@ lifd nlufidrald d@yp@Nike cldientd kst | ayer includes silicon and

germani um and the aperture extends to the insul ating

| ay @fGUREh & o'l BQ an@deﬁgmé &glhéilggeo%eigtrogsvﬁ 9;5 Sks f%hi%xtn’f;r@la REGhsea

al withi tyre and rem)wng
“‘"‘1‘35%{"’ an ucgrleq G ‘{}té“ at"‘ﬁ’ ‘é?f PR SRR ErrdPet vet  anot her
exenpl ary enbodi nent relates to a nethod of
fab ?FC@&F« 2 Fg 28112 sphedie alpretiorcyigna ereeniating lolroiotiien of ap integrated circuit
fabfitared RAGEEL th thagedes town in FIORRAR trhe@rdidChithde SedllSPSb&fiment;
providing an insulative material, providing a strain

I ndgRiuRg 3 |1s@.)é@1€m&’ﬁ@@&/s§se@tr&@al b:%l‘é]‘)té@dta\‘lﬁm JRL ﬁ)ﬂ tloﬁ’-!)ﬁthe%ﬁlagrated cireuit
Uucl n

111#(},?%}{1&‘ Cﬂg{E%rgz}kg‘ at%%t &Jmele.’rr% Cnacgtdeanc]@ g}t}}ﬁn ﬁxgemglaléfrpbgglﬁ ayer.
material in the aperture by selective epitaxial
gr oRGYRE ¢ Esdstpepae “é?ss PefopabEEt reRCSHEH obe Roftion pEhe deprgiptpirouit
illustraghd @IFRGRIEQ yaden obross tifvaridbagcdrdaay @itit dnexeapliabmtedmengt er i al
as a fin structure and providing a gate structure for

t hericuRE fStsrald&lts:ﬁHil@GmsBBI:tgﬁl MSP hidNE g%lfi-glll-ﬁ th@%%t%cu:t
illur egmllﬁ{[ﬁfl}:g r!f%@«ﬂaé %Qs(ﬂ%t nVWaF]el above a é&sh a% fm use mdt\%d):ocess xﬁusix atﬁg m

erence t acco
FI{dr al s denote |ike el emsnts and: 15 FIGURE | is a
fl ow di agram depi cti ng exenplary operations in a
pr oEEYBE f 5 sdhoratid qrgs-getionahviyasedentatimanibe ttiox of fhe integmted circuit
illubtle@g FRIURE 5okl b Eomipcﬁmdﬂ&ﬁQJnd@ﬁE&pdﬁﬁi&pr@ﬂio:@, xenpl ary
enbodi ment; FIGURE 2 is a general schematic planar top

vi eWGUﬁ@E ] @Jﬂgn?aglé @&s—&gtloﬁi '@Q&r 1%[5::53&1@93‘11 ofidle ﬂomm?cg Eh@??%g'ated circuit

accaor € process s

fabricate
‘““f’f‘la'filﬁﬁmfRFﬁSt&’&’@%?ﬂ‘ﬁﬂ’cﬁém@ﬂ"? ?Pe‘g?fmexerrpl ary embodi nent;

FIGURE 8 is a schematic cross-sectional view representation of the portion of the integrated circuit

filustrated in FIGURE 7 showing an epitaxial growth operation;



10 .

15

20

25

30

FIGURE 3 is a schematic cross-sectional view
representation of the portion of the integrated
WOC%OB%U”PSZO illustrated in FIGURE 2 taken acr 8§3/US2¢fe/043106
3-3 in accordance with an exenpl ary enbodi nent; FI GURE
4 | SR Herrdeingic oroseied iew sradntaipratie poptioe siimtisdeias cirouit
i@ fratddNEF1OOKH 8 PEwiRfa chdiRalintbeghabed oglaticui t 111 ustrated
in FIGURE 2 taken across line 4-4 in accordance with

an q?)f(ﬁﬂ@ 186:% scﬁ%@g&&gﬁguonaﬂ W@E&sen@t;&n%f e p%ﬁl@]?mte knﬁagr ted cireuit
wre resentatlon of a portion O 6f
s ’W@(S@%Ea% E‘H" e SR g od {1 £l GURE 3

showi ng an insul ating | ayer above a substrate for use

in th 16 8 S8enafit (e regforvigwerr ot mat sRpportion ¢ fhe{yREatEH circuit
illisgate S GIERFEL sh@virga@8Sexsie btnabfaberaibrew r epr esent ati on of

the portion of the integrated circuit illustrated in

Fl G#REJI@ 19 n@mmqg@mcc@gm%gnpﬁ@%%m uﬁk(% &&g@&t ﬁ){n@r@ a fin-
-Seclil ona

baseﬁ) ? anmstor 90r in mtsﬁg{qJ{:l cucuxt m 'ICC?I %ance agln?n eéehnpféxfy erfllhoglmer}lﬂ egr at ed

rese
CI rcwt il ustrated in FIGJRE 6 show ng a trench
f or FETUREH? 5P EFRlPBrMmatigEinp RBURE Brefeatatiqn & @RutiRR(ef qother integrated
cirgiitdabdcagestadngal thaprews tlepresefitiaRy B oforduhevipandticoneniary
enbéiBrehit egrated circuit illustrated in FIGURE 7
showi ng an epitaxial growth operation; -3 WD

200@ %712[% E gf}l;{a%gg %étgi%%ﬁepm@n%ﬁﬁtgc 01%0naof §1{(‘ m%ﬁa edfcucun

0SS-sectonal View re resentation
Lo (LGS Stenarose ied 14 Fertpear e PHBRCERES ent and shoving
magir@wparrgoreforctiv@rvreassliusinaed indhF R 12;pol | sh operation; FlI GURE
10 is a schematic cross-sectional view representation
of tleIrpas {sh &y @d‘gra&x@ﬁndﬂﬁﬁcﬁ@fpﬁb@ﬁezéﬁbaﬁ Giykttanothied p]rdd&§ HAh:86hg

fins EFE@E%&"%F&J an%lf'e%\%e ol 1P SLEGL gx%m]ggxf mbofgrf.‘?lper ation; 5

a SC emat | C Cross-sec Vi ew

rep%ﬁ@gti? E otf t he {lon of the\ﬁnte r at ed
ci r CUJ PP STy es “”ii‘ YRR A RB R ARG OB B pleut
fabfigsperreecdréivs tothemertss gawn iFFIGURE 1 SPoving agrabd: oeterdl ragyis@ameperation; and
depi cting exenplary operations in another process for
f or FIGUREAT § i RhenbBRss-tdiansisti@reschidion ain pbiiéregkiatee th FIGURE 16

showm'éJ%’actet ﬁu@erlﬁg%r/ﬁ aﬁﬁi@onw [&abe sﬁzﬁe: £ %f‘JBLl ffey € nbodi ment ;
E 13 is a general schematic planar top view

representation of a portion of another integrated 10

circuit fab Q ‘
11 st rat ed F EOLFAREERESONE Aot ncé%ﬁ R RS her
exe ) FIl GURE 14
o o TRUREY o SRl P SR A T8N oY AL B R raeine
a fip-fgsed; tiqpsisgr o fie ! dc&ifrqémnt%stm (HiFEBt Flatled dpgenFWGURELSY bikenle
sonOPp@BiSns kHat ey edpetdmédn AGRAM SRRERs, WvkiRpediilor 6 L4FR biadii¥ns of

ope?a?grg g;?gﬁ:ﬂf %igrq?g&ggﬂffggn %Ibeﬁ%ég QQN f%%nar_al EEE%UEEE 12) 1In1s rates on

a‘*@m%‘ﬂxﬁfa‘?"sl@l?fé i vtish? RS pRGicR R st aole spese e i é,ocﬁuwsgrewg etching.
Flogrptrime (FIQPREC 85 Bstfas arbder pifenglivacmbodimenia sich 4sp@aa Siuglized to increase

the bEct @ib dr At BO%AH@MJ circuit in accordance exenplary
enbodi ment ;

In FIGURE 1, a wafer including 2 compound semiconductor layer over an insulative layer is provided
ina step 13. 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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FIGURE 16 is a schematic cross-sectional view
resentation of a portion of the integrated circuit
WOfZQE’I“?"éytsed according to the process shown i nPETESRE4HE3106

showi ng a spacer material provision operation; and
trepuyh RErenely injfts compavs esprippHdecias fores Breferelit orhattonydaivreaches a top surface
of fhe prsdgiediéyat i on of a portion illustrated in FI GURE 16

20 showi ng a spacer material renpval operation to

| eavg, $PIS/LScebsNo, AN S@H&BJuH;SI‘%}’GI @%Eﬂl!rtﬁ@m@i%f Illdg}ll SHduetor

e 5"“&? “"“‘é"“é%éwgfhﬁ'laé‘ipﬁu“gbe F ﬁ"%"é‘“‘% Sﬁll‘%{)“ﬂﬁ"f’ﬂafaf aa ‘*ﬁ?‘% @idn the
tr 811‘@ Bfa st roahignd senifonducthydayesds remroasistastdp feaving a fib-sharfed @hralel
str@bk e tegibl BOS ih8 In@atifefrlyBF B Wstep BNy b dis B0V ko complete a fin-based
trabijsloPSt rates by way of exanple some operations that

be perf orned. Additi onal oper ations, fewer

ope atl ons eratil ons may

o e e T P i e B gt o iy gt oot 10
thoglingleglescirfind g0 (amisGURERTEY). FIGURGS B+ it st o 16-lateastdai w gsale,
FIGUHASGiafitke diafin WhikoGhheighBS&i 1B 2SERRA ivh Mssﬁz@cctcﬂanﬁdf RLigCk:.

Ho%rQ\HF E@re@l?ﬂnm KI% Qnelg)gt(a@al(/v %r]l§glal%h|t erﬂgh %% %ﬂbt{ég?l dxawm%e}%clency Itis

ram tern
ol B BICUBRS - AP G oot L 1os geind potopiomsagisering
dravimgs. &STIGCRE 2, atop devoshowsh@oude Rgisit 2 uctaldra regon 2H-dnGhfieke dides at a fin-
sha\ﬁ@ifcﬁernndl f&éﬁl)r“@i Nea cnBIERP LR Q pn%@imd 9@95&%&9&;10% @S\Zigz(d a éét,ed‘:elc%pic

iayetrl?(y wh:gh is ﬁ)rcbzde% (o]31 [hre sx%eg&fo %a#meF on?ig C%Fe&%l]l%@&& §Ftﬁf®%jucto; 166
ha%ﬂd&@#g@ﬁcwsmﬁ@%ﬁf@mddﬁ? sprpis! tiypolsidesofifio-shapeld dhrone eekipmig2. gate
contedice 1 6sRaveh REY! layd B can 18tk ysBlon 1N .G @maimglsmcon Iayei)
Altﬁ'ﬁﬁf’i}&ﬁ E‘cq&h%)aQ% Ja@%%?ovfd&i OB@%JJE}%EHP]@'[%M (aes 1 orpch%nnelc %g‘ff}JF ?5%'

trenc In a step 4 sem conductor | ayer of med

aboye, th conduct or ndlnthe-

200561958 1ok %é?gbfg]fr@&‘éf% S R et B e e
164 daphapraihdemeécrsestivenhtharetesican by palprngathefndycieb 165, Iag: embodiment,
diclaitid iom 1ahis GhimkiB ae e Stican diee.Sid Eufoﬂé‘r%mbdafmeﬁthﬁele.btﬂ&bblclalkb M € high-

élai@){@lgctl ic Ei}eraa sﬁ&oﬁgmﬁi@ la c{r) 01%89 fcﬁgﬂailoo La)hehsg 60?’ an%ga ) congucgo{ Pd%i forma

ayer 1s planarized
gt s on i 158 BRGUVAT. %L"fzfci’ F B OB BEOTGF?. Chiane!
regiow 3 unrbe subjeatdd eeoemsile GO thrbaly epitaxiahglovtiedadedighni # coimpotiisdmidoftBetor
lay®, shidh@0ENiconl Bmanindl 18R, 65, the conpound sem conduct or
| ayer is renoved, thereby leaving a fin- shaped channel

str H\%éﬁl& 4Osr0ur5c:¢c%k0992 QLQ Y& :c& Ir?n%di m@%&; d\"é‘& dl.J)y dlelectnc%/‘}gger Itéd on al‘rflstdes

step ? structure Ts provi
it B*&%'aem P HQOYY P WP e B e (‘:‘]é’mt"kgedPP’@JNE@t‘ZQ%ducml
166progessin BBURE 2,gttt dohduerd lo@dobsomirmv@larpoutd a0drof regidhs 22 and 24,

Hoduen& Sl %n@@mﬂlas GaH bd prohed to bdiks 3b DG LHUARS cRovhilD b@&&%ﬁjam 34 if
aod Fi nFET. FI GURES 2-11, 13, 14 and 16-17

pm%e’ Isglgﬁo? SHFAW to scale. 10 FI GURES 3 and 4 are drawn

to show t he hl%h aspect ratio associated with

f i ntSRUIsEsle Htirpet Chﬁf@@iu B 455505 2 relgveln high asppohiatior BigliaHY, Frgion
152fhpsgpUieiels oftbpt@cen afprogimatein 2ane alwi 1gdmini (ghita ttidkeesh ingh walsipe@tveen
appFoRitnla@ly fsﬁa{ an@lioaw i) f@ﬁvfd{h@d LBEYhed dytxnll{11§um t{h%tn%g thJWéHgth (1/3 to 1/2 of

the gategljr{%%) In ogel; eembﬁcg enp [he as ect[:gtg hsq)r:tw%eﬁ éqpi’?él&aalﬁ gndér 5%‘ Eﬁ&gﬁlatlos
aSSqCHteth@sz@ »52 Pwvrﬁwn@m@wﬁmw ﬂamgbw@@felwergallena 22 and a
drain region 24 on opposite sides of a fin-
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shaped channel region 152. A gate conductor 166 is
rovi ded over channel region 152 and a gate dielectric
WO03/9UEB 160 which is provided on three si dePCafUS2004/043166
channel region 152. As seen in FIGURE 3, gate
condlig®ty: iie@apedphagng reglos 33 pe thoily- ogigedsion el maphfape:d in
acadidhn@ &4th Sbbeds OY RideeksN 1R 8 pkeddE80. Afondubtbi mﬂﬁde Ghanaelk between

a;{n%gingay %ﬂ@g and%{A qu}é&ﬁcqg erjlg(ﬁcalﬁgxpe a kgsssn?ga%’veen apgl roximately

|con Ia
@w‘@@% |A&tb°ﬁ‘g*l SSWr") FIGUIH; St 2 ﬁ‘éﬂ“Fl\Fé’P%/‘ 52 e53 ﬁﬁ‘ﬁ'é%eé With)25@ricyaf
diffgenply vt deelsiomireg. Gdj @oendrs 16atg dialkcirgilgle 3601630iafiona haninaig
mén@gi on 152, Dielectric |ayer 160 can be nmade of any
suitable material for use in gate structures

I
‘Die ﬁeq’el:u{blycthi I@%ﬁ r(ﬂoH%Q t}l?og%?%?l&@égbﬂ) dq an enta .wﬁmce reg Crm %Qt tg?n end

cross-sect rne a
oIHBE fcg1°ﬁ24dﬁfé=W@wwamey Sangif wicwg o p it fipaylefnigdeht of channel region
158 e GREEl 2y ofgoupmamndSiialnirgons 2d iistxsivebe applokim @& B4 micron. Source region

ZZ%M r@@rﬂt% mghc@ la @d%tngd sﬁlcén%%ﬁal ]aggglé c%st%lnmnggnai Kl zg:%;[%

sel.(rj: 1conch§>{ matenaEL gny 08? émbidéx en! Iﬁ%glg &{] aéxg %;oaf‘fdﬁgﬁ%lhe ng gaftggl?ﬁ 'ﬁgm“ 152,

Re@atmé? Pt m?f@a‘%b'rfi(’ﬂ’catf‘fé‘r Nrtypadr Bege doEBts redoradyvien & 19 bp 107

dogntshaedictédfmad. fi n- shaped channel regi on 152. Channe
region 152 can be subjected to tensile strain through

epi traxhakd c@z[n%e@iorﬁ@@g?gwﬁ&i AV hn ﬁlgma@uﬁ& 156 %&1899%%1 Qk; b

pl%&l ava a)éurléaté ()\rléeél: éu uctu:sé,zqéch A asﬂa,Prédu%ud(r* @i CW]OHE 2‘6‘%556% &?\’Fé I]g)clfasﬁ.y
thigfingsp foetiiep arprayimpicls B00 006 ILagst BB be frovidesnoevh ety type of substrate or
ma® HhOodbsi@sitself. | ayer 160 only covers channel region 152

and is provided only under gate conductor 166. As

Showok E!nb%& %R%s@atlv&%fex%@ R gl‘JH@eFJ %vc%@&n@f?cﬁ&or%% h&y £ LBPas

AR e R L
Al@véwelb%rﬂa@scfwwkmos 1 Z2arghys dro@ded pbfove o8 typrsoP BbstbisahdHtsimn
HolwBve) thopbeted emtAhnaid b:agRoOMSiaM reghh 132 &J&aﬁlﬁ Cho G ANRB sudh 8 1QMkg
ox&@@yeﬂ%é}{fﬂab&%' gﬁdoyglh;{m@ gh aspect ratio. Preferably,

regl on has ht of between approximtely 20nm
a w dth of between

kness) and
a pp II%@ )&arrlﬁgfoasvg ﬁdrﬁﬂg heaxcn?@a Fﬂd Zzl-ﬁghafmr anbawudspewe ?agmg large pad regions
forqesinesgeion Pleadd doyreqriegidntnd temativey. thic omsigarte bk gngt bir (hinkd Tho
oridotadon@hown i T@GEIEE Bis hoef@lokb) in tleMim@Re@AROdi Ment, the
aspect ratio is between approxinmately 4 and 6. High

as PeChic 4, OSnsane Qﬁé@&ﬁ %t:l@ﬂlg\ﬂy%]plsﬁ Gdh N Injéfmﬂfs‘%‘ﬂ A€ v Bious

Urrent transi s hr ou relative
1aye'F %gsu UCturEs ARAOVIEHE FG ngtgscﬁ@f*ﬁ %S?U@C&}d@%%li'@%hmgm ass"""ated with
FIGBIRES értabIFIGURE S lstvald@d pietiden plele liyed BON ackG@ndesvitiastep 15 of process
10 {FEREE 18-16 bife@h RvatheS) (dyb:Q 0 a8 okidd bymﬁﬂfcﬁgﬁp'dlre%ﬂmhdﬁ (CVD) above

lnsﬁﬁgglgﬂ?ﬁg eAangtn/ilg éa?&? l%% 1;!7(9 dnd %?@% Ssowdl 19 ds ao§% s%bsuate in wluch

can ‘have a thickness o

layd MR Tratien ¢ 8B and 100A and gate dielectric |ayer

160 can have a thickness of between approximately 10A

andl&e 14 is mfprﬁm@qln@hlmmmii:qqduﬁmmg& saidkindiging@sembnductor layer
such @QisTEbn $@RanGdiNayBe Ltk ko & ereedid etboﬂpoyl@cfnioﬁityxc}@;f wl@re Xis
appgdx%aa{glgr 6 Qt %/B%@ %ag& a[? ﬂ] tl% 1ﬁc' %6% 8 yr’cly O%S Vf%u 10US, mcthocg can%e utlgzeﬁ to
NELR IR SRR T SR AN
indiyet stromin bubsele@yREmR)redon 0B an end of source region 22 to

an end

.
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of drain region 24 is between approximately .5 and |
mcron and a width (fromleft to right of channel
WG2983/61728152 in FI GURE 2) of source and drai n PCEGisafs/043106

24 is between approximately .2 and.4 mcron. Source

r egi B AIGUBE 220 sperdiregr wingh 182ig provide® i laym d 40Udiescadance i stve @ of
préckds | C@TGURBLIR Pheftlably, ersh YL "a@&bﬁﬁl@lahér REh VB Bide @43 0 Pyer@so,
AI%Q)QRQIE qgfﬁt?o%rgft?eg%qyzcctan ter mn%t geffor%al er 1'36] \%ﬂoeus ?&m@n@%}s%%& itilized for

same materi al as

“ef‘ﬁ‘é‘g [otFrergne upondesign gfgia 2‘2’ S%\?WE} PEﬂ“céﬂfséo*‘ﬁF Er-eraryisioped

wth NNtype or P-type dopants to a concentration of

1014n prg et @@inent,dopa HE basp beighteiBY €1 28rervnd el of, betwpan aiplvaipetdy 5
anE PRRNlendh @@i 1Qg@ne$ﬁb?as§o§at@rwﬁk¥ .thgﬂiﬁlen@m %ﬁin@ﬁhp&drbﬁddheﬁite 1308 52. Further,

treB{%)iﬂc égage ad[ mtc‘;Jl zgn gu% ofl ﬂaey as]s'c?c’:%ted w1t11 r}ﬁJ ’ﬁ {g}ctween gpgaoxunately

oXI ructure,
1?%@%@115&1%@%%1 rrent, Iayer 130 has a thickness
of between approxi mately 2000 - 2000A. Layer 130 can be
pr ovi cledmizdiowe ey 14€ s eneifin spibslitpatmicprocessrinponp@chgrocess,
anfeiRSdve Sdaneh, hd@hdks, ahcrbh@c&emem@@b a@mlzed Eo%%élm@tidyé{ &r [lay@)! %ve

151);4l5r:':”1(;1?I ﬁne B&tgr}{éd(#a]yer 016l?ﬁ' i aze q etis to me{(::hvg]){_é{&tl er lg(gacteategxﬂfg bté

conprise i con or sem conductor on-insulator (SA)

subst ’F[&PBE 8, a%ﬂ AAesdrmet ety 1 40jnies g erqectsH A R HEHRE 1
Prefegpiyolayel B2 fiteiie ety wantldiedl lakro e isptclrably b YR Omf thick layer formed
by SURSIHLALSS 1PN badehodiHOVRYE 1 44 IJYJS}ﬁecﬂfy%J[&ﬁ\'é 8ifkcor epitaxial growth

usm%}?lgrie c?sﬁane, F J/o?&ch‘l‘jmo%iaﬁe, @Qﬂg eéVtI)ZL Ore Ig’IIBg)n 3)502 d:bﬁ\a/_)e/e?n ( BOX)

above a silicon substrate. The transi stor associ ated
W t r'ra¥eéb4i4&ﬁ§“ aped layeriuoyg the %\‘W‘W&Q/?’“ﬁ"“ﬂ‘éﬁ’l‘%@(ef “’Q‘W&é"é‘“?‘i‘ﬁ@l“ﬁ@") of
laykigirt¢) Siqvadls piggich i serfeay a sdaddir prystaige omwiR & farprd 445 Glrrsdigon germanium

latﬁce @s&ﬁteg ﬂuth [ﬁlext l@{f B fisl iV @llnéfa \wEJEespicéoaﬁi&étfﬁil Qificolr ﬁﬁcebleiaﬁ} ﬂ@ |eereby
ori e

creatm@ %nsal fqlam ;ndayer 1345 a]ICSU eﬁz%xx?i lp??ll aslglocxaiie(!: wx%%éé %subjgzt to
tengliglséti ate is pr ow ded i ncl ud| ng |l ayers 150 and 130. In
FI GURES 5-11, the various |ayers and structures are
not Tés @witatae conde ngin tcdaysidad @usanichf eldlicorotalanon tdndsdk@ocdiakee with the
s:h'ccﬁ\rlzgtﬁze hei.aht 1n@§e§g9 glaated véﬂﬁm@%aadﬂo@éﬁ%@ 1r13:nc4’g b 0 (B Rt
effects e?ec{jonygfeotwcﬂyf \F]ex gs falgnto%\é%sclé? c'/"J‘lr@s(s) (\:ngesn §a3¥%h‘f"f§?@_ﬁﬁel )crgy Paﬂds of

*hedﬁaé“eéﬁkf@ﬂi“ﬁ?é?ﬁt““‘ i‘\w@rﬂt TP E‘ah*iﬂib'éd‘a*%%f{ ingsggse i lager 144, offering
the@BiefibIQitteasd AObilif SIB0% i thaddfor MEdhs aabmVer Rbke fonoleh. althé MQease in

:nolbi‘mf/@lgs blér)lgou cﬁl) Be?sgs%tcbrYeﬁJ 1% ds ét ﬁxytgrl § mgg%gdlts/é'eﬁt%eﬁg ’{‘l%g? itggge

provi strate I n
be‘iei"ﬁ? |iw@°é? 21§'F‘l“i" ép&er‘i‘ “@‘é?sﬁ%fﬁ? Qi hop Y B refurgon °§S’i?r %f){%’? radyptipn i
poe® npewntbnsdhiusoniduot ioperfoaypee. or a strai n-i nduci ng
sem conductor |layer such as a silicon germani um
| ay ef FIGUREY & layct M isisshjcpiied eb@llstp 8 « @D Ok dedsOD (MGURE 1. In one

em&!dimeﬁ%&emlwlﬁé’cﬁtmél fm%sh cmlﬁ&ééd%tmﬁévgaip %ye:r m%oﬂ‘lﬁn @Bf‘ Eovelaycr
0 {{/a ch ds

19 G Bt Pkl S8 T B apdt B itg! 10 s g chone

reglbB 032. hagreivelvd@ etpldng proefepabylizphiovhdedyasida 20nmto

120nm thick layer and induces strain in subsequently
f or rRarabi@ he@MP boss is SoppDsABD by D 4l K2 8 hnAGTdrbiD2R04hA0:4:3140620

and 120nm from a bottom of trench 142 to a top surface 153.

can
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In FIGURE 7, an aperture or trench 142 is provided in

| ayer 140 in accordance with step 25 of process 10
Wo(zlﬁ?{wpﬁsl) Preferably, trench 142 has a bot PEFUS2004/043106

coplanar with a top surface 143 of |ayer 130.

Al t et REURG &0, {pyer {496 iprertvedomacerfrdence wiffcitp 164 21 eaess tOFIBURBIDe

POy, Qydr 84 rendo3€d.in MAY didlAS teﬂinﬂi&@éiécmfﬁﬁ) t[&@ﬁtemoﬂﬁy\glllhﬂz @fhne

cntbgclilment tE @19 th %%ech%@cesg galleﬁge #Qﬂ&g% glg W%}'{ 1|estpeec 0 snhcaég_.> d[f%er 140

st em paf aneters tranS| )
“48 "e‘%‘ﬁ“ﬁfﬁ’éﬂr" HEHAt 2n iseiFapig et i%‘?et‘ilfﬁ%te%&“‘ﬁ@ isgptes %‘FC“ZGO layeq Didyilpreby
legving ﬂaﬂwetﬂ@hhmdfl%beli%Bhel'ﬁmwmililmtc&ﬁt}ﬂcﬁan tandiz2i06wamove layer 140,
Trench 142 is generally associated with the di mensions
of f1h RIGERBPE BgIRRAGY (ayeLBD QRorrled Z-acchidint V@ siep 178 @f%tbss%Z

{Fﬁﬁﬁﬁhg\fd&&éb %ﬂ% ?cr .Jai? \%%WQE}%G %s;'%d Xt(? Itnlél%kn?ss %‘%ﬁggﬁ%@%m%ﬂ}f 90 and

B SURACASPURCIILL S A s G SR

comgletf the gaezdtricirealqybrd toded behd QY ta phdcthiprpoip@igsn lajenicmigied SUDID,
process, 10 antireflective coatings, hard masks, and
photwitegirate (RIGERE &, fro@ksa 104k dithilazi® flode® 1B BN MepBal i@ same

ladp {weld@(seare%ss@lggl\ﬁg’ne selu@yﬁ{w&edf %roci-g]l% Bﬁ.{g‘igsea ste elqiS T A%nogingo crompound

ers are use
‘aﬂi’?i‘r ’éSt“é‘CCP’F@FFeﬁmia"zwe@ﬁn ppssUige | Ga*hbelpfa%wd TEIQFd pigtep ¢rimmpgpess 10
(Falbg¥a).| ayer 140 in step 45 of process 10 (FIGURE 1).
Preferably, layer 144 fills the entirety of trench
142 withagetnceid AGUREPQhLaR kb 185 Aflocess Zﬁ)oznf)@sﬁ hh EitedisAN B and

dufu%ﬂ%gzz apcy 24%F191r 9{\4}4 % gg gne%\ﬁbc’odxmené, 5 ercgwg Pn ana’r de rain 1e%mn 24 zlu] e

lve Si
magpfpqused |ff3m la&f iRk thereblsﬂudgfrgﬁ@w@g?ﬂa%m ey 1°aﬁ@ﬂaua!rgdf/nmf= stress on
chehng kvkior 58 Th siseyanrer sk ¢3 4GMRN0 taydVBE Yrom betvyg @dinoled 4t thendpoints
?Ms% DR dray eh-sHdMe Jngst&hmgmw@&o@ﬁ%&m%% h% S a@%agted

o Pt BTG Yl ot St it oot o
otffeppitple pagial. Theae gitiofliment ngerlireind sumn dfogitig dr gikcommisigohaetiad
with layer 140 results in a nore wi dely spaced
I Nt é&r IGURE &l thesiatidug Byerslaat dria@@es bebinok @y@racchididg totsdar bu@ilay not include

th&ﬁr@e@l&bf@ %scﬁla&:@»ﬂﬁﬂ IJI@UI&tSrBQJ ali(ﬁt:oL a¥g Eha;gleéé‘ather%n @al rogl%ff«lilpéd’ti ransistor

silicon associated wth |ayer
‘S%‘u%‘”égf}bg%s @dﬂ ensile strain. The appl i cati on of
tensLIe strain to layer 144 causes 4 of 6 silicon
val dfeelrardstaE8bE: ey 21kt hniemeprocesis L af 1104 whick baving the
sard 1 Gf (@A gigits il csganadlig the samel. Rovefer, ipb&ss ol ivd@ a Bl Bintwhich a spacer

mag:ﬁﬁ LERARE wlt}nt thd HRhsEhY, medphssle@ Zfﬁ&ﬂlr(‘}w t9«=.f mﬂ#% Willen, egufhed%ttepc‘allows a
ns. e I mately 30%

B PR G TR FERbr U 2DHefe Pt s 2
an&2f gid fefere $ip $5cerht 4P m proggpess 10b4ULIO0, Aspedivebesul t, carri er
nmobility is dramatically increased in |ayer 144,
of f &hd spger Abterdiah@n POt comnfioknd serkiEVaduEH So@er) ahd DR thel shrye nOferidd Q%%
for%el w thf s%crgaﬁgzﬁ ga@ G&el@ﬁdel)zgqo@r\ %mm& J@Jr grla\% &x?ms ’ET Qurface of

" ‘H%{ se.in. | gth X as been found to pérsi st
YRUFTEHE! ¥ PR 4 18 SH e EVHEYRVSH t s/ cent | rreters
These factors are believed to enable a device speed
i ncrEBsErpR FEGHRYS 1M ot 7-piap 220 efropsa i s Fiemssesifbelgy. ZBGURSY 16 and

17 25861 treditcichlOfnd Hanot POWE the RQE BALAREsbomkd Wit HIGURESS®-4. In this

emﬁcﬁgx{é&t s'te9 Bh7 'fJ?mPﬁE;fePzrs mglﬁpoudd @enF cloml%lrz'mgtanal S?M]%E sil;lcé#’ge m%l ium

ubject to a removal step in a step 5 process 0
(FI GURE 1). In one 30 enbodinent, a chem cal
mechani cal polish can be utilized to renove all. of
| ayer 144 fromdirectly aboVe |ayer 130. The nature
of the CVMP operation allows |ayer 144 to remain in
aperture or trench 142 to form channel
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region 152. Alternatively, or etching process can be
utilized to renove |ayer 144. Preferably, the Cl AP
WORPKEEARSi s st opped so that |ayer 144 has a hECHAIS2¢/043106
bet ween approxi mately 20 and 120nm from a bottom of
hayipphetame B0 of gerpening s laygr Hé devel BB prefefbi D@00 BROALT 28is of trench
1P G TSP 4 04340 6f trehoB 142] QYRS 1iOpretbr@yiah uik#ini$err €MOVeEd
in accordance with step 165 of process 10 (FIGURE 1).

Pr eflﬁ&féiﬁ)'ly}/tfen&h@(ﬁ{as a%%@giriaﬁviﬁtl%@&@ga i’lpProﬁmggiy 5 &k ?dﬂhnfﬂ Orke original
terial of la 140. In

techni que selective to the nma ) yer 0.
el VT R R S e

selective to silicon germaniumw th respect to

si | iTRBUREAY dperd 20 renaapd foe afteprwesel 1Y) AltoetivelpriayeAS! can remain
anfl Botmopl iesi@26isimifhesi@t Shhdigs sfeobutedit@nd 130. One &bodiment, layer
159 @Jn Ll ¥Ry Eyf?:hém@eﬁl@r{echlﬁél poﬁajﬂ %ﬁiﬁh‘){méesl ag?f\gﬁ'@g 5 { dnlla %H&P@f%o

chan region 152. Alternativyely, I ng techni ques
A “’é?%""gg’ BrpTer D pialn & °T“'§i;}é?‘ PPFE 1% n FI GURE 11, a

gate dielectric |ayer 160 is fornmed in accordance with

st eg 2T 51 51 bpfepesised §y dgnicyl ppociiResitipy erotapeP o1 @l tedhmaup es 2
cotfveriiabd Fhagroswwection! lepaSiAURAs t @ndi i skdon @sbe soife cRELMEGT s
ri@PPfoxd, mately 10 and 50A on the three exposed sides

of channel region 152. In FIGURES 3 and 4, |ayer 165

13 PEAEH 8 ur RUBLELE LG, SR SHAE LS YL 05

dirgrapeirdnaripyAr e sivepPrxide hprplaTed PeRRIEY epodingatRhe prosent invention,
thepreferredseddl Dy drbodiiontiid @irthelporp e SURSStickOnly. MTHvAESEI aflt: PG s of the
inJ@ﬁMh 13 gottlilﬂ@cd%ﬁ%r&cige,&ﬂ@ﬂéilstat‘{thﬂitigAs Ei§cio§€d.e Vﬁ%§s%ﬂ£1%e§]n!1%€ ngd% to the

oo B0 HG BBsat T P iy i SER dREHOE Gif ineclans
source/drain mask. Step 165 can be perforned instead
of step 65 in process 10 (FIGURE 1). Wth reference
to FIGURES 13 and 14, in step 165 of process 110, a
mask 134 protects source and 15 drain regions 22 and
24 during step 165. In one enbodi ment, source region
22 and drain region 24 are manufactured froml ayer
140, thereby providing silicon germanium material for
mai ntaining tensile stress on channel region 152. In
this manner, mask 134 prevents |ayer 140 from being
renmoved at the end points (regions 22 and 24 of the
fin-shaped transistor). Alternatively, regions 22 and
24 can be material associated wth |ayer 144 which
are protected by mask 134. Mask 134 can be a
phot ol i t hographi ¢ mask, a hard mask, or 20 other
suitable material. In one enbodi nent, mask 134 is a
silicon dioxide or silicon nitride material. In FlI GURE
14, the various |ayers and structures are not drawn
according to scale and do not include the |arge
hei ght associated with FIGURES 3-4. In addition, a bar
shaped rather than bar-bell shaped transistor is
shown in FI GURES 13-14. Wth reference to FI GURE 15,
process 210 is simlar to processes 10 and 110 in
whi ch having the 25 sanme last two digits are
essentially the sane. However, process 210 includes a
step 227 in which a spacer material is grown within
the transforned in step 225 to narrow the width of the
trench. Such a step allows a

-9



hi gher aspect ratio for the fin-shaped channel region
152 to be built. Step 227 can be perfornmed after steps
25 and 125 and before steps 45 and 145 in processes
10 and 110, respectively. The spacer material can be a
conmpound sem conductor |ayer, and can be the sane
material as used 30 for |ayer 140. The spacer materi al
can be selectively grown within trench 142 or grown
CLabvlss a top surface of l|ayer 140 as well as within
trench 142 and then selectively renoved. Wth
reference to FIGQURES 16 and 17, step 227 of process
. 210Ainsthdid stiessiega bekiomludigBUREhdBd aindne! fegicay tee method
aWp to scale and do not include the |arge height
ass |ated with FIGURES 3-4. In this enbodinent, step
227PPYing a gyt semBendyttoriorep ebnvel asiestl aiog iyt or
CﬂﬁBh&h §H&Qh§ﬁhé&h@9&ﬂs&ﬁ&&ﬁﬂ&&qé s WO 2005/ 071728
USZO 4/ 043106 avin same ratio of ger mani um
as WﬁV@Pgiﬂ@”wE&VéWmTBT”EW@F@W&BWwaW@méS%WGNGWéW#Wmaﬂd
witl§ih 88 teRdhl Be Bénck B&ﬁg;ﬁsocéhféa whe@ t]{el?ﬁ[sﬁMd aﬁﬁﬁc@ e w dt h

of trench 142, Layer 151 is preferabl an uftra th
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Al ternatively, layer 151 can remain and be renoved in
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7. metlhoderbd diotawh agwleerdin he etcondrehadigsgepas 4n arhsgappetlective to
silicG@nngliys €9i on, the method conprising: providing a
conpound seni conduct or | ayer above an insul ating
| ayer;
. The method of claim 1, wherein the second removing step utilizes a mask, the mask

protecting portions of the compound semiconductor layer for a source region and a drain regiorn.
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providing a trench in the conpound sem conduct or
| ayer; providing a strained sem conductor |ayer above
t he conpound seni conductor layer and wthin the
trench, the trench being associated with the
fin-shaped channel region; renoving the strained
sem conduct or | ayer from above the conpound
sem conductor |ayer, thereby |eaving the strained
9. senTieondwd obelaiimaly ehervin tiivi fin-shiped tinemd regioans anesputirag of
conductor |ayer to | eave the strained
bmégﬁfg%gﬁﬁ%g 4§ﬁ£§er and formthe fin-shaped channe
region. 2. The nmethod of claim1l, further conprising
proyi I C
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met Hedigs 2 Gisdpyer gbove gy mﬁ@tme @msrabcsfp ﬁgubstrfpfr, O Tls prgyeraincluding
silidabey &QRguetor over the oxide material. 4. The nethod
of claim1l, wherein the fin-shaped channel region
i nchddas & PPEBHhin s frst layer, e apgipictsgn@ng tetheiippulating layer;
\me;ste\hmn§@mamumat§wtﬁnctmtp@tmé ayer is a silicon
gernan urm od of claim4, wherein
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gersdrgpn.uti | i zes a mask, the mask protecting portions of
t he conpound sentconductor | ayer for a source region
and a drain region. 10 9. The nethod of claim1,
[2. whelhgimptioh ef fldim-18 helpeh bhstrmell meegil grprivddedan saspecd!ticon
emﬁﬁﬂio of between approximately 4 and 6. 10. A nethod
of Fi nFET channel structure formation, the nethod
conprising: providing a first [ayer above an
3.1 nSFHe@te'tlﬁQo# @a\ftﬁrloqjﬁt%?c@npﬁi‘slmgwtﬁﬁﬁa 108 fel:tl:ig'gtrtjc@ye%riong
i ncl udi ng I 11 con and ger maRi um p% i di I ng an
SKm&ﬁ@VWGP@PPﬁmFﬁémﬁﬁﬁ§@”ﬁbyer t he aperture ext endi ng to
the |nsulat|ng | ayer; providing a strained nateri al
in thg perture; and removing the first layer to
4. e Methed QECTEA ra IREE ES HTeine ATiod Mreideg dbRye it fver
10, wherein the renoving step is an etchlng step
seI cti t ger ma nmet hod of
5 ol Ameod i s e e Sy e a?qwtltaéast fgyer
by asbéreicdl imeehasicd!ipoidsn step.

16. The method of claim 15, wherein the first layer is protected by a mask during the

removing step at a source location and a drain location,

17. A method of fabricating an integrated circuit including a finfet with a fin-based transistor,
the method comprising steps of:

providing a compound semiconductor layer comprising silicon and germanium above an
insulative material;

providing an aperture in the compound semiconductor layer;

forming a strained material in the aperture by selective epitaxial growth;
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epi taxy. 13. The nethod of claim 10, further
conprising formng a gate dielectric structure al ong
sidewalls and a top of the strained naterial. 14. The
nmet hod of claim 13, wherein the strained material is
provi ded above the first layer. 15. The nethod of
claim 14, wherein strained material is renoved from
above the first layer by a chem cal mechanical polish
st epmoviy at Tag apetikiod’ thd coplpaimhsdibicondhaodayar ohigrdoy ke te the
suale B fkuchis oL A GRLAA. iy 3 mask during the removing step
at a source location and a drain location. 17. A
metioddiog a gaxbiugateilorghedin strnttergr at ed circuit i ncl udi ng
afinfet with a fin-based transistor, the nethod
conprising steps of: providing a conmpound
18.5e f@éﬂﬁf&wgpwalmdye\rfh%wﬁ RRSTAG isdichviceRppentnagady 2heami 42A nm
wigabove an insulative material; providing an aperture
in the conpound sem conductor |ayer; formng a
strained material in the aperture by selective
19. epittXictHod 9f @7, whkleid BERMIoNEg abp ik @ ABTetRinR e beidiiRf 1o
1.the.co ound sem conductor |ayer to thereby |eave the
sificgp PUMANY™ KA &PPSet P34 °Y fin structure; and providing a
gate structure for the fin structure. 18. The net hod
of ¢l ai 7, Wwherein the aperture.is between
20'apH&%%Fﬁ%%gf@mﬁgeﬁﬂﬁ“Tbﬁe% “WFH%fmﬁﬁ?sgmgﬁﬁﬁkhod of
claim 17, wherein the renoving step is a dry etching
step selective to silicon germaniumw th respect to
silicon. 20. The nethod of claim17, wherein the gate
structure includes polysilicon. 12
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