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WD 2004/ 068585 PCT/ US2004/ 000967 STRAI NED CHANNEL
FI NFET TECHNI CAL FI ELD The present invention rel ates
w@emwenedsBy to transi stors and, nore parti cul arPgT/Usm04/000967
fin field effect transistors (FinFETs). 5 BACKGROUND
ART Scal i ng of devisggagisFRIBINGHS fiRSz0een a primary
factor driving inprovenments in integrated circuit
performance and reduction in integrated circuit cost.
TECH&ﬂ&MLmELDnitations associ ated wi th existing gate-oxide
Qurce Lol ]
cF PSSR A YR o s R B L5 B RSt
Hmm%@ﬁﬁ%%@@% generatlon may be difficult, if not
i npossi bl e. New device structures and new nateri al s,
r 10 likely to be needed to inprove FET
Eég%gﬁigﬁﬁégge. Doubl e- gat e MOSFETs represent new devi ces
t hSzeling pédegandingatoashaf ipen sproveddita grivxd ispiovegpepths Byigipgrated circuit
perfm%ggﬁsredulztfbn% %Qeﬂfﬁhﬁt M@E&Yc?’hmﬁajﬁgnslds%@ma@gd \$1ﬂﬂ@x1gﬁ‘1§ 8&te-oxide

to control the channel sjgnifican
kg syapd HATHER CUPTIRENE, (PO RIRET, Pl SR dovices below the 0
um pro@spe@ragad MaySie diGduldfifnot @bssiblac Nevd ésicastabiamanal nfvomarethls, thus, are

a verti cal The FinFET is simlar to existing
lmdyﬁﬂmn“ﬁabféﬁg$’FE% %?ou ‘and fabrication. The Fi nFET

aI Baoblorzety MASEEEs rdfesera nayedevifes dlabannrahdidagen fr prsceedngasisting planar
MOSEARPALLRI- iigm@@@ﬁ a8 o@%'&ht’@élo d&ﬂ&ll theyehGRETRRAi8EnlyOsuppresses

othe oub cture
short-flﬁwg H%?ali-‘f Re en otﬂHe :1];16 strﬁcrug% S?‘]ttmcpﬂ \fe ﬂu:annel ?orrged in a vertical

fin. TR¢ MFEET it simils itedxoting pkngy MOSFEE ih llvatand Bersatipny Ehet it &[T jalgo provides a
range t)pd’hgﬁlgl le EhE @I\/ft%dco Eﬁ&ﬂ@lancl lgrlé@f;acﬂlh?&enﬂlﬁ cﬁﬂJalfed @)I dtlgn&)qblg Oate

fin channel . trained channel |ayer may
StruCt‘I“-'ﬁ;clude a 20 crystalline material that is lattice
constant m smatched with the crystalline material of

DBCLbQ%REbﬁT%EINQENEbNFET The lattice constant m smatch
es tensile strain within the strai ned channe

| aysiste #ith b prewpidwientioara g E T trpsir i ppYidediar wesd Yiggioglydormed
strain€idh&nin€l ﬂay%ﬁﬂt Is isélﬂahglileﬂ td thid fith, chAriRELr E&&&Smddhﬁanﬁﬁl lay@ ney meledd a

crystaﬁlne fnlé;ltena!l: hat i I‘LA&&%I?S alntS I}u%)nrla’tcgv an% the cr}gBﬁ gv %gf&ff% %I of the FinFET.

I ona ages an eatures
The qu)tfce Edpetaijt ml,sgyartch tpuces tpjsilgpiraig githip @p §t}‘-@1qeql1clﬁlme]t layjey,that psreases carrier

mobﬂﬁ&a Shdréabh @O carr@pm¥hiiicG in £ ihQ¥MSesARArivd drr@@bfithe RMHEIT transistor, thus,
eco, ,ﬁgggrent to those having ordinary skill in the
lm@m§?¥ {Eﬁ) X4 fation of the following, or may be .
| eaddifedal idvenpgehed pihadtatuea ofthe intratinryil bt secfarth i hast in the description
whichFSRB Qlﬁlgﬁ%a@ %l ﬁe@cﬁﬁe d;%?enpcr) tthéQlawﬂlé'Bﬁﬁﬁhtr)‘ QUM iRRRY arblﬁ)on exarmnatlon of

realized obt ai ne articul.arl oi nt ed gy
the fo{lﬂ’@ngaﬁrﬁ@qar&& &are?daff%he EREECSIAGI VIO e b ebigpyend feaures of te
inventicn\u@R bé @hljzed dne obtainied gopangulatichooted eut imtly antrdgakiny e

aCN cg ﬁg td e 1?95@[& Qé/ntI?D the ?Jﬂgﬁﬂg g}d%thgxrad%{age@ L réﬁuetvaﬁh part by a

|nc udes a first crystalline
sermcmgltnéqarl sﬁqxctuaentaat g\cbﬂe@ 2 &P 'fiy; fig fincludgy adipp gryaliine mefRpial and a plurality of
surfac8d. 'MUE EtﬂﬁtﬁrefmeEﬂlﬁiudbsthinMedloﬂ AWadt a p@tidiedthe pluatity beasices, the

layer 1?1%19(? rllqua secong crgsttahlme glatena"i1 '{‘he)ﬁrs? r&s?a&ﬁn{e ran%t% aﬁl has!%%lf%e%%{tﬁéttice constant than

mewam99waﬂmwm@wnéﬁ%m®a¢wwasﬁﬁmdm$méﬁéﬁﬁ'Iattlce const ant
t hﬁ&ordInQ & 260 Qéii)e& bt ifdehdidn & (RBdiRd: |155}Jrovtd@d I1he WEBistor includes a fin

o S S e B A 58, 55 0 A i

has a fistdmgdesb@tant Tod wrdegordurtherrincludes source and drain regions formed adjacent the first

and second end portions of the fin. The transistor also includes a first layer of second crystalline material

formed on at least a portion of the fin. The second crystalline material has a second lattice constant, wherein
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that further includes a first crystalline material and
first and second end portions. The first crystalline
woraioe06ss8s 35 has a first lattice constant. ThBCT/US2004/000967
transi stor further includes source and drain regions
the firktQdiEe Condaljt Q%@dﬁfer thhiend sedosd 1a@&dco§@&p ﬁ@le %gtst&%&h&% iffludes a
ransi st or aé{q i ncl.udes a first |ayer of
Bipy Lt fa

atec Bt e sl e PR Gt g g eas 2 portion
of thegplettiiolayeof the fin. The second crystalli ne mat eri al

haﬁc é‘ ﬁ 1 (&) n C uc or device i
Lok AR LR PORBLY Sy Ry

provideds nEe Zthod clpdepiopraips ¢ frethat fnplades a EGiaysafine meterlat@ﬁgﬁlhlme surfaces.
The méthed fit@nmitlsded forraldgj:it ﬁfktozl’y@ﬂ dn)it 1Eaacd p:bdﬁbﬁ ofthe Idﬁl@l&@ifz{ciesp The first layer

includlesaydsgcroné 8% lierrell%l) eh% afi
the segoderyfitaling @ta’ieﬂ% tq ipdpeq tensm:&tr@m oithig the firstlafenr t her aspect of
t N@thdr AW@REdeOINd fRuFEB Bih ré%gnt anénm)MH@eo%ﬁ@}chﬁlg AbateRio those skilled

. ..deyice is 5 prov i ncl udes formn

o R RS T e LA e i
of the frgst m<i>qglcelt@npiated¢ce Sarryingloet tmlﬁvhﬂﬁbnf Theetidvertioh Bechpable sf modifications in
variouk @l;vmugllgs;@ctg bl §¥tho|u@%%5tmg @roﬂtthe ngfgrﬁ{on aAcEQrEl{nk@ Qhe%frav&&g %r% a) be

dn‘cr ' surfaces first layer inc Sec
regarce ?fé]f“étl“‘lt“’%lé“ﬁﬁr?é‘f“?’%ﬂta“%%@P@r n the first cryst aI line

material is lattice constant m smatched with the
BRIEﬁﬁg@Pﬁb&%ﬁ e AV(}E\];GG‘SJ‘I al to induce tensile strain

O her advant ages and features

of Referacep madsrig thg ﬁ\?@ﬁ@ fravingsi Vierdesiements having itteyanegppferensp pumber
des1g1faﬁbntnﬁ§b$e@re§dﬁt lhdeelémerﬂthrbt[gh&dﬂl s art fromthe foll ovvi ng

ggfgl@lrl ﬁ gsfé%({/rl!l Gaté}lrl%Pe 'S O sub rln%gha o?y te%lse Eo? (irrm n%agn of a FinFET
COHSISE?etrﬂl@ﬁl‘}?IPaetS@ﬁlnf’@tﬂon@ar ry| ng out the i nventl on. The

| MA@ YAl iDRtrhtSs a8 @fbﬂl@ia@ fﬁfcoﬂmlgﬁtf\ﬂltﬁﬁleh@%oﬁ n Vari OUS

M REARE ke by Pt M Sl b A8 T BB v
inventiopgar ded as illustrative in nat ure and not as

I @568 hethd'® inBRUEE RDRRCRIFE N K re fiblE fmdﬂgﬁt thefin of FIGS. 24

dZRe erence is made tot e attached draw ngs, wherein
and 2R oBHERE WA ¥EUhe same ref erence nunber desi gnati on
MG .3aphesaesta closkectioh nenbsa srhin@uglaotitmed bl 4in cbnsistent with the
inventloh] UStrates exenplary |ayers of a substrate that may
be used for formng a fin of a FinFET consistent with
t H&CpBdlsttesia P/t Oéﬁle styajngg! lapenof HIE Ay fored ypog A fin and source and drain

region€oo@sifMnatvih the iveagsdsi stent with the i nventl on 20 FIG

2 %I(I} |4:Aq@{ @és%ir 3 Os%(éll(())g élr%\t% 8 V\% %aﬂ %{eﬁ,}:/tlnce and ate ?roc?e)%gn‘%.\poXa fin

CO“SIS@@%@eZDCWIOF,ust rate exenplary source and dr ain
I Q. aBSids@4dIR ehpa e BB bard diechric Andfatefelebide e81G.aRGorBY upon a fin
cons1ste8wnh§nt enQ,t tlvvl th the invention; FIG 3Aillustrates a
c1 0s8-§&CT"Shal view of a strained |ayer fornmed on a
f iIBHG. G olhssiratds @ niraingfl fnkpldtdrende@Bath thw BmofiFIGS. 2/ kGd 2B3Bnsistent with another

embodidléné«bﬂl{e%ﬁege%t 1§ve§n@c¥ﬂ Mhew of the strained | ayer of FIG
f or med a fin and source and drain

c &H% Ol fFcep P AYER fRIGHth cpstgentAyith; apigse gbsﬂlélgmaf the
presencin@sonsect i onal view of a gate dielectric and gate
el ectrode forned upon a fin

tthe%r crﬁstallfne Ierl%l 1s§at%08 rc?ristsnt n'}{sgfatched with

BEST MODE FOR CARRYING QUT THE INVENTION

The following detailed description of the invention refers to the accompanying drawings. The same

reference numbers in different drawings may identify the same or similar elements. Also, the following
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consistent wwth the invention; 30 FIG 4B illustrates
a top view of the gate dielectric and gate el ectrode
W@B00EHER383A formed upon a fin consistent w t hP€TES2004/000967
invention; FIG 5 illustrates a strained insulator
detmlwlﬁ&gﬁel%ﬁh&wgﬁgn&kﬂé iRy A%eag%e%&g e 6EGRNR 0§1tls%ﬁne%':3? fle
ment of the present iInvention;
appendediclaiiifst r at es damescene source/drain regrow h
C OOSkiSk:R With Wk bBseIDERBA, o8 mbx@ﬁkdmmltpéhaﬁlﬁmnmwmded A

vertlcallﬁr forfnec} si(t)rame,d3 c%anae':':[?aé/erl, oaSIS(Beé%‘élFbi etpre(,)s%ntb € 1P]n 1s s<|3':[f al}%{le% to tlhq\ln

channgleoff thp EinFE. tTHve stm@ﬂplanwmrgn@mawdﬁggystaﬂhle n@@n@ that is lattlce
mlsmgtaqfe@sv@nﬁ@crmm@ Foterid] oidhefffn%ﬁ B0 FinCEBUEGS (TBY stkABO iido¥d within the
same or sinilar elements. Also, the following 2 WO
Sffam%’c)’é%‘flﬂé%%‘85 PCT/ US2004/ 000967 det ai | ed descri ption
The irdio@8 tengit sthainhdreaten eartidn webitity ofthe dimig¢dsadhpeltldyer, Gopipeening drive
curre ﬁhéﬁﬁ’ﬁ%‘%t ion is defined by the appended cl ains.
nsistent with the present invention, an increased
mo BTG 1 flipsteatea i Frets-seiprFE T sybsrafsr G0 fogeed in ageordaarerpiaan pxgmplary
emboﬂlﬁélﬁﬁﬂhé-;ﬂrés&lt e ehtielh asubs@hte @y @xlhslstcﬁloﬂﬂi tﬁé }ﬁékbntWivErlﬁLoﬁ fy be a silicon on

insulago::r] gs'r‘]bﬁ)n ?ruc!tl.][}e ‘i%% mCE!Hésrgéf?] cf?a.lr.?]eﬁ la%etr ll&l}e I u on r}or ef(anilpley ? buried oxide layer

ral ne
110. Pyrégh gxide layer i) stan bd formsd ama dlicpmlayer frat ShP\Sn)J "éltetﬂrl@@ess of fin c%fannel layer

105 ﬂz%ﬂ@t fah&dmf% il mtab&ut QTOXSJ a%lnlt DOBAKRL @ ihdkne@for bildRd biidd 1898r 110
e FlnFET strain is induced within

may rgree, for gxampier, ‘Bn g’r‘f&tﬁﬁé% P4 %tro’ Ofhe i nduced tensile
st Fiatniehigyee ey daludd arystatbid thaterial with & Iaecespysmiti@gpr than the lattice

constaﬁlh@r:lQ%Ltalll@xﬁartmlaltsgﬁed f&r%@ﬁa@@§ l:lﬁgnefjlﬁﬂ/ey Klesclbbd k&h FesIQEt td RES. 3A and
I G | lustrates a_ cross-sectio

3B belgyp Sy eamplsosiicgr irsdectof o e grapghehanigl ey &p C‘@Rlé’ﬁ’ﬁ’(eé}‘{? may
include logetallirenitategifil with@ lqnice s@ktint larpe @1t ihohiticSerpgdnt afts@icdn) @in channel layer
105 n%i? Pﬁg%;gg%(aé%lg @1,( D(e ‘91|Ehe)§ %&}mﬁlg}g@ E'c{ulalqgo 7. n@%erb@lue@ of x may be

at'or ure that includes
appropriatelyRiTitde Ong %\%ﬁ mf@@rtf%l% Teeagnigg B orysiglinegnaizriplp eiher fhan Si.Geq.o may
be us&auﬁdhetdt 10 &lerial’ apite codsldlt is Biged vl t@Xdtche conaye bf thd Qysilite Meterial
selectetf f{)rf Oneda(‘:hasrﬁlnél Ilaggrn Irl s%‘ er b()[l‘l%%nt? SI%VWa)(e 108- e&éer}br?r}éﬁl%ﬁ@afer bonding

hanne for
ePltaXéﬁbMe(lS)@@W ige/flne ratzwef@rAOawﬂkﬁ@ th@l@ﬁ@@h@%@ﬂ%@f ho3gir St other

exisu@@cﬂﬁqde@fﬁ%rbel@& £ ForhRy stafh&eLOOf or exarml e, from about

to a
xgsr‘ s&&\%n iy ?;(E,%%/J é% gl}d%g %ternfﬁ?%l}% S Qate %(1%) 2Y Veft %lglln C’Zé? % {orm%d from fin

channlelangleerS t Fin P05t rhpey bk Eorrhddclier exarapis Mahn wigfh (&) mray@gmfllpﬂénm Fin 205
may Hg%rﬁgd i ﬁﬁ!hﬁﬁtﬂqg'e; 195 u@lg%ﬁ}r @\is[ﬂl&%q)r&:gs@ NR@ldin NEot limited to, existing

f escribed with respect to FlI 3A and Bbelovv)
photo “P"gralpB‘F andEHRE B8t i con i s sel ected for the strained

(o h&tbﬁqulenl_ tajuematiof bifinCNE Revede 2[(&3&6 riraihQHSS 1egiyns map bd faohed adjacent the
respecq'(lé/ e§1¥1 f lﬂh (% g@sﬁ&z&n ﬁi’IG\g }d']ang .a§ cg §ld:a91@ §1tai"f} BES Je,Q&Q ﬁlay be formed

t ]h an the SI1

atti ce const ant 0 $ con. Fi n channel
by, for gxpaple, depogitien afalAvsr AEIrYsiline mypriapRighiHl 5. Biexese218gnd fapng 15
region$ nappermﬁiemble kty 1@etwabry§taum@ mAteridDudiel fovadamm enﬁung plRseofithb graphic
riat

and etalgggggcpcesses ?Hé/ kﬁleé 11 the alq wﬂggco&a%e ﬂxowe er, tﬁ] t per e lﬁlnfﬁ Wchnlques may be

crys erlal
used fg fom(i_‘;g(spurce)ZIW dre{ge’llg &Egnss @gﬁcqmgpndtdrp@ Qﬁcéfe@yopsapaygnclude a

crystahﬁ& hht&i ﬁ@ma%t BdxahSie, SBEQES wftth)aibpﬁo%ale@teﬁdaﬁte ogonst ant

Aftter ?ormal on o Sl()Llll‘!Je 0 raTr‘ladtdram 2%5 regions, a strained layer 305 may be formed on fin 205,
source 210 and drain 215, as shown in FIGS. 3A and 3B. Strained layer 305 may be formed on fin 205,
source 210 and drain 215 using any appropriate existing process. In some exemplary embodiments, for

example, strained layer 305 may be formed on fin 205, source 210 and drain 215 using a selective epitaxial
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sel ected for the strained channel |ayer. In sone

enbodi nents, substrate 100 may be forned by wafer
whoerdiosssss epi t axi al Si,, Ge(i _,q to an oxi de/ Si PCT/US2004/000967

substrate wafer. One skilled in the art wll

depos{tlgg &%ceész @trra&?ﬂ?&?ﬁf! mgﬁgc‘iudg £ H?ﬁall%@ mgeéﬁ:ﬁ %&Q laﬁﬁg&gét&yﬁ Smaller that

orm ng substrate own 1 n
the latme@lstazwf tha grygglineafatess! Ufeé FHfmg s %@tarl%w% misggtch petween fin 205 and

straind4@4ykd 303 kensfﬂb E\trazxﬂgprﬂal}fedb@snfaiﬁédr%@r $06 0B dirie lay& Bas ARG be Foay(&I[ for

exampgfwwuﬁ] ﬁthéckness t thg?% ﬁpp%ﬁfn%gl"ﬁﬁ to '@9 of tgeo%%% widt \MWt or Qxamag tpe thickness
t of stfainerthipfer 305akea hﬂéhm | Stypimed 1005630 Fiap pcladpy bus jsi nsttlmnfgd for Wisers One skilled

in the 'axn GhitetoBae tRbimd? %stallﬁr@rﬁa{%gali With 18%deSbilsfABks less than the crystalline material
phot ol i T hogr aphi ¢ and et chi ng processes. 30 Subsequent

used tp formp §p g may rpliginatively bopsd: source 210 and drain 215
re@mﬁﬂﬁmﬁﬁyobﬂmﬁﬂﬂ@ﬁdOﬁdﬁﬂ@@ﬂ&ERWGSmﬂ@&pdambmﬁuém@dmd@nwdon

the por; dtlon o@f?r%fgﬁ‘ c%&%y goﬂrcé: %ﬁ?d d%aqh I3das gl‘Bwn Mf}g %A%JI(Q‘I-@ nlqle gate

regi ons Orrre for exangj
dielecttis §B5may] lt?FrlPdéf‘ thip lwawf rhekﬁftﬂ%weg{ala F‘1°]i‘ ?fél%ﬁ%zr 1Y) SIQN G4 2502
AbO;;ZI@[%lO(Ij’@SSMQIFZQﬁ otBkQieRAH: Eii@iaR. @&561%&6@! @m&amyorbled upon gate

dlelec¥r18 45‘? ang maY 1ncluc265(fors e{x g r1e gaag?r o?,[iwoﬁ Si 1con ﬁtg% el%ctncaéerS léf?drﬁgg electrode 410

ho rap and
may bg rfqymeissle"s 200rsing Qi eisteng proneszeh auch N fw4ampk@é@@%| dpposition Pand

patterﬁ%&%fses tFB@Iatl&ntotP Blic BotdcBi g@ﬂg&n& @ﬁ&ﬁiﬁcﬁé@&lﬂ'ﬁl}%n H€203 2xhudSféliuces a
an r
FET szifﬁaHaVﬁch%]rc mhe?%itgnc ée‘gslaélﬂgs%@?yﬁﬁfo% &t bo§1qler Faﬁ gl%rf: fels OF fen 205.

Strainadibheer BQ‘;EIpr@(ﬁghm@_@vedfcmler@)oalﬂrpltlgoug@thx@(ldtlon gf telwi[etshaly(m stralned layer

305 cﬁlpeqrb9 Yo ﬁ%c@ hxysmgtgyﬁeltwe%ﬁ)s tQmddt la}Af 308 band O FRL T taRbr rﬁ&ﬁft}ﬁ&hancement
0 and drain 215 reglons a strained |ayer 305 may

can nfige e 3 SPTK 56 BinkE Clggapits B4 ST L APt SREUE Kot 1S
4AandABFI GS. 3A and 3B. Strained | ayer 305 may be forned

on fin 205, source 210 and drain 215 using any

appropriate existin rocess. In sone exenplary

embodi nent s, fm:ﬁﬁ FIRAIGEDR IYHEATORyer 305 may be

f OIFIGEﬂﬂleJ'ﬂraifai i e%ﬂﬁ)lar;&ﬁhiﬁéﬁ&nsﬁlﬂl@r 508 thathi-@l ddn<dent whigh anGphed embodiment

of the%%ﬁ% g lfl/e%&[ digen%aéh aO gL of a 191%’[0 ?u%§§s§in 2%5 shown 1n£I?S 2A and 2B. Fin

I on process. ayer
205 n@PBe fn@y:d pprelthedesulating W@tlﬂ pf strpiaedrigstlater 30 Sueh é@bthq Céil.’sfaihé%mafeﬂal of

fin 20@ QSstARMd ihsS1aS 136 hi@fatdch ﬁIsmatt:ﬂ'é@ A ateict ﬁﬁm@tﬂﬂl&tv&ﬁﬁ £ir0f05 bftBstrained

o 5L P DTS Pl S35, P i B gl BB one
skilled Bnigiaitevilbteeagiipe tha ayrappiocied inswlating matented (vith aﬂﬁétrce g@gant that is
mismaptHe@ly e cl:r?sya?l[ne B0 TBMin85, ) PEHed & Haine@ 1@MAUrS0s. W t h a

t hi ckness that is approxinately 1/2 to 1/3 of the

fin 205 wwdth w. For exanple, the thickness 5 t of

strained | agEEMBOSRYTEYUREE/SRAMN RESIRCHW TR EROEESAST 305 may

I nlglbuéjﬁumgtlég exIafplﬁ?EarAachﬁe sglgcﬁeyd?am é%rl)\lvtﬁ Qhrsiste R Sith KdotteShbodiment of

recogni ze er crystalllnehl Hosilicat
th prp éfWFrélIO% fwitetf ForpiaE 426 Go R0 AM, & (08 Seon sy steethylorhosilicate
(TEos)rIy@tbahépbned iph 84 608land d¢GRAreh 600f20d fierd pollsthﬂ)EA fiesy (mask 1) 610 may then
ternativel ter for L ' -
ve s BB Qs By, o A8 B bl B L Bl by B lE cepsiin
and pdlml@nmwsiﬂ;eonflmwaéiﬁ A faeongmpskitngrk &625 iy BEgBedrig ppen a source and

drain SOVE0HEH anYdesé%Ibiro‘? Betidoldea®06] walhiR B o?elx&i so@Se M OMR ateR 670| £55: be etched

L A
growrSb b.l;odlﬁb OMurcelP®2and ZdreR 640. A1203, HFSI Q(x) ZnS, MgF2, or
Ot fﬁ%ﬁe &ﬁévﬁ)hsecf‘egch t?on Hu@gp%clflc%taﬁs ﬁcl: &Pﬁoftt‘? g\ﬁ:h %Qs%ec%)fnaaﬁals
forned upon ectric 405 and may i ncl ude
structrgsp pRgEsals, quc%ffﬁé»retcof“ %r S?@FOIVlid%;%)ﬁOfo‘@étuédeﬁf apfipggt fh%f@ﬂf@énvenuon
and gate el ectrode 410 may be fornmed on fin 205 using
any existing processes, suchtas, for exanple, existing
deposition and patterning processes. Formation of
gate dielectric 405 and gate el ectrode 410 upon fin
205, thus, produces a
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15 FET sidewall vertical channel that includes a thin
strained |ayer 305 at both vertical surfaces of fin

WQQ®4/06838F ai ned | ayer 305 provides inproved caPCi/E82004/000967
mobi lity through the induction of tensile strain in

Howeﬁ&r[ 84 et iB¥Ron cad @5pr§(ﬁé{§l%q’th&ﬁ’ refdhghAhd dle@aﬁs %&ﬁ@lﬁ}’:@t forth herein.
ween s ralned er 305 and fin 205, his carrier

In °thef b ﬁnfew” RO asEsbe Souciyros A gy ‘leFFélb?fr‘P (rtailolg PrdgfPt to
unneom‘saréy FEisqvFee ttmuansuhcspresent orvedde dn psitingg thh eresetihveaivd woivesitional

I
photoﬁtth%aﬁﬁnlé%ﬁil eﬁlcjﬂé% u!a: ng b%em%ﬁyﬁlg tgnrdéal‘xtgnecg %lgen s '\épwgchmques have not
been sef fordh heeegp ip At ator 505 that may, consistent MAth

anoiif e pefshaltinitediinentsF the hﬁenﬂﬁrﬁeﬁl@ Btew AMBIMsIoDif, vexbz@lhty are shown and
descrlfb?ﬁdr 1%9 PIQS%EI étélgsu%AfIt 1sn ta gf %ﬁerf_too% thaég}%mvengorﬁ%caps(i)b?e rﬁ% ase in var10us other
combinpiiony 344 g varpiRegs ek ivgapale opodifiqatigng withip ths sAopet o the m&usmhcept as
exprefsbBeretine crystalline material of 25 fin 205 and

strained insulator 505 are lattice msmatched. A

|attice msmatch between fin 205 and strai ned

i nsul at or 505 produces tensile strain in fin 205 that,

in turn, inproves carrier nobility of the FinFET. One

skilled in the art will recognize that any appropriate

insulating material, with a lattice constant that is

m smatched with the crystalline material of fin 205,

may be used as strained insulator 505. EXEMPLARY

SOURCE/ DRAI N REGROMH PROCESS 30 FIG 6 illustrates

~exenpl ary damascene source/drain regrowh consi stent

wi t h anot her enbodi nent of the present invention.

After formng an active area 600 and fin 605 upon a

substrate, tetraethylorthosilicate (TEOS) may be

deposited upon fin 605 and active area 600 and then

polished. A mask (mask 1) 610 may then be used to

open a gate area 615. Fin 605 may be thinned down and

a gate 620 may be forned by depositing and polishing

polysilicon in gate area 615. A second nmask (nmask 2)

625 may be used to open a source and 35 drain area

630. Anitride layer of active area 600, within the

opened source and drain area 630, may be etched to

expose a region of the source and drain area 630. From

t he exposed region, silicon can be selectively re-

grown to produce a source 635 and a drain 640. In the

previ ous descriptions, nunerous specific details are

set forth, such as specific materials, structures,

chem cal s, processes, etc., in order to provide a

t hor ough understandi ng of the present invention. 4 WO

2004/ 068585 PCT/ US2004/ 000967 However, the present

i nvention can be practiced without resorting to the

details specifically set forth herein. In other
i nstances, well known processing structures have not
been described in detail, in order not to

unnecessarily obscure the thrust of the present
invention. In practicing the present invention,
conventional photolithographic and etching techniques
may be enpl oyed, and hence, the details of such

techni ques have not 5 been set forth herein in
detail. Only the preferred enbodi nents of the
invention and a few exanples of its versatility are
shown and described in the present disclosure. It is
to be understood that the invention is capable of use
in various other
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conbi nations and environnments and i s capabl e of
nodi fications within the scope of the inventive
W@ oneopssas expressed herein. 10 5 WO 2004/ 06BEBES2004/000967

PCT/ US2004/ 000967 WHAT IS CLAIMED IS: 1. A

WHAB &ticanengs.or devi ce, characterized by: a fin (205)
conprising a first crystalline material and a
plurality of surfaces; and a first layer (305) forned

L. om amidoelgtr dvigrostkiagmrizef byt he plurality of surfaces,
t hﬁinf(ﬁ(fS (t,onlpﬁ%?gr a ffrs% Qr?gtallﬁle @RERA lad A W &itySS GiRAacks; and

crystal |ne mat er the first cry
et aR i (ML Ot ph s Apor I‘H‘t‘{t] e BT S T ﬁﬁt b0
comprig @ Batorgircyysthldihd mhaneialwbegdin dd fikt@ryistaldiscceatdrielias 4 @ffgént Ritige constant
or device of
than tﬁ@séc@ﬁ&ﬁsgg\ﬂé fngtig‘rtal ﬁr)égcfe tenél(e égeﬂfw ﬁlgrgﬁlgﬁ'&ge}é’%}a ngul ar
cross-section and wherein the first crystalline
2. ete Eéna&on&@me'msee& cRinfT, w,a&rah th ﬂem@thega' radtanydldrlrogs-section and

where{nahe ﬁrsﬁ crgsﬁ;glnne maga c?r{ugleers th atnlhnel ma Jélgll Wﬁ?n a la:l'tlce go%rl%lg 7 C%er tgln a lattice

sec cryst AEver|
constagfienf the eccorfd Coisfalihm materigher ei n t he second cr yst all'ine
naterial conprises silicon and mherein the first
S SAR L U R A R R L
whereiﬁhhza fge niygdiaucteds caayisce coybtaliheanataridl, withiaéatter ponthrs lafger than silicon.
crystalline material conprises Si,,GE(I ,,) and
wherein x equal s approxi matel y
4. selficeaneretctss dedléwfegmb% whgreip fhe i‘ﬂst ?fﬁfﬂ%lﬁ‘éwat&f&hiﬂwpg?eﬁém% - and
wheremeqind ab@yenat{l#@3) formed on at | east a portion of the
first layer (305), the second |ayer (405) conprising
a dielectric; and 20 a gate el ectrode (410) forned on
5. af”ﬁé%@%m@mﬁbﬁwkﬁﬁcbﬁlk%ﬁmgé@wﬁémgayer (405), the gate
el 86¢oh@URr (43Frme€ HWPIehsEA ﬁtf@tldﬂfblé %ﬁgflll)sﬂ 16830%,.theAecond I?yer (405)
n tor onprising: a fin 5) conprising a first
‘mm@muﬁsggfl?ﬁémﬁaterlal that has a first lattice
c orgstealeetrode (480) figrmed @EBpastaporep pf theseppd lawdr (1§35 the gate elpgigode (410)
comprBz@RCsi@0sl portions, wherein the first crystalline
material conprises Si,Ge(l_,,) and 25 wherein x equals
approximately 0.7; source (210) and drain (215)
6. re@han@mfammsdmadjacent the first and second end

Y Oc{ﬁn' % cdﬂfpu&ﬁ% Ifrét @ryst&l%@@atengi tlta't K3 b ﬁ}sﬂ)(tﬁ(fe céég@ th@fm (205) further

second crystalline material formed on at | east g
comprﬁ&gtflrsaﬁlda?coﬂféd Priipng. 3heg5in the figst crysialigh graigia) Cpprises pigea- and
“mmem&kﬁmﬂﬁmmhﬁmmagoa,second |attice constant, wherein the

f | slz)t?‘rLe (IZ tarld(h?amﬁ? fbr?he@ Ed"}ﬁ% it fhe hﬁ%d EeJa@nd eglppo‘?‘tﬁ)ﬁsocﬂ %e fin

Bs
tice onsta mhereln the second crystalline
(mﬁ%naterlal conpri ses S|I|con, a dielectric |ayer (405)
f of ire thy 3@} ofls@asd cridtallied k@Al fofmetl BRatfidast 3 portiaye the (i3 BBJ), the

secomg cgr?s{al’ﬂlong rantgt?ri%le hzgz?n'g%g%czngglaﬁtlcg c?nstant,lr-mh?e Af 2516’ '1r§1t\;l1agnrac‘:§ IEOHQ%DI%IGS greater than the
secon@la{tiee constant and wherein the second crystalline material comprises silicon;
a dielectric layer (405) formed on at least a portion of the first layer (305); and
a gate electrode (410) formed on at least a portion of the dielectric layer (405), wherein the gate
electrode (410) comprises a third crystalline material and wherein the third crystalline material comprises
polysilicon,
wherein the first lattice constant is greater than the second lattice constant to induce tensile

strain in the first layer and wherein the tensile strain increases carrier mobility in the first layer.
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20

el ectrode (410) conprises a third crystalline materi al
and wherein the third crystalline material conprises
w@eig®edsBTon, 35 wherein the first lattice conBCHES2008000967
greater than the second lattice constant to induce
tensi | e strain in the first |ayer and wherein the
Tt engieihad Siorming a perrsoadpeiesderisy FIFSIRBhi [ ity in the first
| afperiing a_GﬁIV(EDSZ Ot OOREBS A28 4/200096G ity of. surﬁcﬂ&tn_h od
of %ofn‘ﬁﬁ%gz%%)la@ers(% &0 a't‘ Q&é?% SolfruO‘H%YéhgguraﬁgFﬁ%ﬁﬂrf]%é{rtge ﬁéﬁé@? H8k)
compw aéqupqmgpilmym@#nag Wherein the flrsh(ﬁﬂ;ta lm@)mpﬁ:rpgbls dpttfcp pagptant mismatched
with the¥$&nd &3@ne @Aedd] td iRASS terild2@hih Wwafin @F fifstigyepl ural ity of
surfaces, the first layer (305) 5 conprising a second
crystalline material, wherein the first crystalline
8. matlemicgiod pixlaima, thirther cooprstngnt mi smat ched with the

S e&@%g %m @:&J@u&@ Bk bdoRlnatiR e &ﬁmk%&hh BasSlifi@e Ronstant
first layer. 8. The net claim?7,

greatef H’?‘l ﬁlé?‘ceCCBPFﬁ‘P‘i@Fhﬁ éecorgéfyétélﬂlileﬁﬁatetrﬁ]e f| r st crystalline
material such that the first crystalline material has

9 ad r than a lattice constant of
th eﬁg%thgﬁd&%ﬂﬁmf ﬂcgé&%%l erial. 10 9. The nethod of
c| Hlepng silipqnet fiefecend ﬁfpﬁtaﬂsr}eﬁrgter@écrré%wnﬁ ghedirst repRORs e he
S e@RAthg Ce Yisck aldtdlime maBli@ sucRibatfi@firdt Oy sAING nlakkAal hisraJdttice constant

‘ lmgerltlﬁ%{gﬁlco&SOS) and selecting the first crystalline

erial such that the first crystalline material has
a lattice constant larger than silicon; 15 10. The

10. rremmtmofﬁtfuhhmmmf;gmprltSI ng: Sfel ecgi ng Si XtGﬁ(lf_,q
SR LR e TR hebeb Sl GG o5

f otwrlviting xas pewomaely agerto 0405) on the first |ayer (305),
t h@rn%wg)nh Ry& E40§)4)Q§)e ﬁ%@ﬂ% kﬁb)‘qéﬂe &c&ﬁ?}ﬁg@t(ﬁ &)mprl&%@; a dielectric;

d and formng a gate el ectrode (410) e second | ayer
a¢ (405), the gate el ectrode (410) conprising
pofoynsing 4 g@relectibde (410) on the second layer (405), the gate electrode (410) comprising

polysilicon.



