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WD 2004/ 032246 PCT/ US2003/ 028660 FI NFET HAVI NG

| MPROVED CARRI ER MOBI LI TY AND METHOD OF | TS FORMATI ON
WEAOKERAUND OF THE I NVENTION 5 1. Field of thePCT/US2003/028660

I nvention The invention pert ains to sem conduct or

devi ces, and_nore particul arI¥ to vertical double

MOSFETSINERE HAY EROFED CARRIER MOQRILEYe g
%Zgﬁnol ogy Met al )RM@%% JOARMATION d ef f ect

ﬁtlb%h]? are the primary conponent of
BAérIr{Ds 0(9@}%( conﬁg@%r devi ces. The conventi onal
MOSFET iBeledtistirvemiord from a sem conduct or substrate

' n whi chppe gx%?ﬂmpeftmlt@{éhﬁgnd%&'d&@ceg glgf Iﬁ&épaﬂfc@ari 5@@21 double
a result, the active conponents of the MOSFET are

gatewg%ﬂ%’d‘nw a8 EfEnduct or material . However, as
chamnel He&fé@t[‘létﬁnc&fg@ reduced to less t han 100 nm t he
eesgflmcoglguc o(f: % (é ?f%ﬁtgrélréms gllylg) 3 g %x %1% comaogﬁnt of most
Semiacsld@rpoflqvwesc ﬁ“mmeﬁ’en@ﬁlﬂéft,QSFETh@mgh@reﬂ froih a samédondyf-thisgbstrate in which
dopaﬁi@igﬁ)ﬁl‘;{%acﬁ\]a ?egﬁ)lﬁé a{ré foMne@f A§ zn'@sum%g{/e g@rﬁp%netng oﬁﬂ@l‘é&b@l"ET are

conductivity MOSFET channel regi on du
SRR PR BL TR §6W?feas ghianeliezath s sghshe (5higen 100 nm, the use
of se@iddbuctaSutdtrateSudtrictioh inNM@SFES €41t26:0 pdlfdfitadde do@idaiy IpHAnSm@fl such as short
chan'ilg gffe%@ ['Ph %ﬁrgcl:'i%%m%{eﬁse# He\:séardf?‘stthe 129}7 ((:)g %é\}l M ns%%lfe oe co%‘t(r:cgl Icc\)/ guctlwty in
the M%ﬁ@@hﬂﬁuﬁé tesipn dug lisinterationsod ths squise tridcienin regies thiaageyr gsra result of the

semitdH3ud o@ln&éna(s%ghé sen&@ﬁlﬁ&tBMGﬁsﬁé?ﬂhat Liromfdl theRR tdaldfd ion,
are forned as nonolithic

devj ces such as
se “t?‘ieﬁ?’f&%‘&et gfhe C%VWW%O@%% STOEEALF caprructipf i pikisop py igsulator (SOD
consguriet Mat@ corsatdier, dévicersucsis MOGFETSSird fornee ek nwindlltiieisemiconductor
struc er;ns@%}g&lg @Jlel&HB§1Ebr{)1§atte, fa %hgrQIgl§g re%g ¥ 'fo%gec‘d vl/]@n % sgﬁgorﬂductor substrate.
ave va

es over
SOI flgyieprddve psinrieyng iorfrrecigler efadvagipgss twea@eéw@cfmw q&@g Feemconductor

subsBHERNAEHOE kicB bs HeB® hs@ﬁﬁdﬁ%etb@a‘iﬂﬂ@@d@s, SANde & RBkagd BHUAE Ruced latch-up

| e current, reduce
T T M T L N P p—
betwednjsprrqgatd dxin whioshor t channel coupling between source

an Cbng [yﬁé (1)} M@ﬁ*ﬂ@ E‘tﬁ:ctmg?l%t its YOﬂﬁednglnMFgl-gtr&htgnqggoﬂ{;eﬁncyn!ﬁ@tknown asa

is fornme construction Is conventl onal
verURaﬁ 6%]%13 gate ]gOS%lg gréflilqliggi Aa él'myp B Fﬁfeela WT 1s§pnsgucted from a silicon
bodyFthdd InEildes ASusHRYbn 1 ma Jﬁmg tbo®n 14%nd b Aestaped Elafine gion 16. The source 12,

ruct from ody:. t hat
dramslg ljl?JC élanrneélqg reﬁloliszare ormgd otc a rl]nO%lOethl éﬁmirhl%d?{] glnt is pragerned %rom a alhcon layer
PIOV@Pthm@ieleF@g b 3S. Hitﬁep%tgrulm @e sificon begly i gate mxldﬂaﬁg:town or deposited

over@ﬂa@mwﬁ Ibod]yGanﬁ egh Q&b%du@ﬁx% gﬁtemg cho?h lﬁlgﬁm@ lid Jattirfed §d ds| 'tocsglrﬂound the
is patterned froma silicon |ayer iglrow

g g o TEE 40 1SS AP 9BCocRy Bt P B 2 shovs
viewsf 4 d:rﬁB@Bbcﬁlmd)ythe Batepall hati¢i relgioni off the FRIET ﬂrFlgdﬁ pb sikdn@dline AVAT As seen

in FléLEeeZ ﬁlle }gété: Iﬁ—{hg %gé[qe]ﬁ@%i’% 1t6 q%% rs]%)?rﬁ%(gw ?Jdoggj ?nlglgh% ﬁ%g %%Sélrrounds the
Chans@reelhlamfélbmg efiisgidevias, thvh@rvgata%aa do@ble @tedbﬂt tmeppitrezete pliggn ta both sides

of thé &ﬁﬁ@lqsgldﬁas Wﬁl{e%ﬁdnaél wiitiCdR a BEFHAOL WSrefote GRRexidd @ doBblthe height of the -
cross-section of .t

chanig] BhR . el Pish S R TAET eisPRr SY R QSFETs of
comparahlesw&A As seen in Figure 2, the gate 20 and

y}ﬂg he Eﬁ%nﬁ%ﬁﬁ@n@&‘ ro%?&%eaﬁo?e%eﬁt oné ﬁvagé e§ o&%%@@ﬂ%% formed on

surr anne 1 oNn
Semmé%towbﬁtrﬁtss dyp wamaPl constrqiion S@@rfwdwgenahchefa%@w ef thedfin"ET such as

cam&r'ﬁ@tnhﬂy @i‘é@{etsﬁnegﬁflﬁse\’)@&)tﬁe@@@S@Ts@@&aﬁ‘se He FRBET Qurct, hﬁm and channel
hannel g 16. The cg ﬂgth of alFl 1
resofy G PP A S B vEa ey gioRs
channel region fin, enabllng a high driving current

conpared to seniconductor substrate MOSFETs of
conpar abl e si ze.
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Wil e the conventional FinFET provides the
af orenenti oned advantages over MOSFETs fornmed on

W@ egvitosmdact or substrates due to its SO constPCDUSING/028660
some fundanental characteristics of the FinFET such as
carrier nobility are the sane as those of other

Sum&ﬁﬁgmﬂ)ﬁe Fi nFET source, drain and channel

40 regions are typically nmade from conventional MOSFET
s erft i& Beraige ep pbiserat ghe inypnsion g Prpvide a BipfETdgyice thggymproves over conventional

FmFE@sQﬂf/ eﬁlﬁ&%&@ha?ﬁgﬂéd&?@ 3082360 as o&lr—iM\AﬁBﬂ/ltyO: THE

|stheref e an f thelnv
t 'SI\{IE) arlcgc\)/rfg\l ce V&gthﬁnm(_:lgqﬁnta 8 ) 1gve{1tf.?onlta! Fer%;f g?/dé( s p&(}eé?e om a?ayer of silicon
germpwpry Eidd) Griaiverlidsia diekdigc layer. evtvaitaiahigyecdfanaret eitidos isities faphed on the
SthB mgaﬁl\ﬂﬁl%Fﬁ’f‘ GJay ag eﬁ@iﬁ E&aﬁlrls qﬁg eh tottye ep%xfa E&%&g@g qe%ﬂpo% differences

b0|msnso I nventi on,
in thi)%}F‘?‘éPP?é‘HeSPF okesed fuiele sitifon eftiop e fhe siean st frsita@b}uce that serves

as thé féﬁlblat@ viewhidharse eﬁltaﬁiaﬁklﬁé‘-ﬂi ik rGwh. aYiBifed sﬁ!@on&ﬂé Jnaﬁ%keﬁ:led Ee@ﬂe@ Fobility

com R o By SR B P GO o s PR e n
the RlfET bqpiyt Axkighdr dvingicomat @s thereforde beplized in d FinFET @nde®g atrained silicon
chanhdl€v&l mensionalities of a relaxed intrinsic silicon

I at%'l ce_and the silicon germaniumcrystal lattice that

s ey @egordagee vith ane eghprdimgnpofdly ipyRRtion aeiieonep inpuaier MOSEET devisa
compries@lsibéute cOinpraing & diclSdidlid 1@3@1‘] ABSFETbody 1€ R B6lthe AEEdu@ layer. The

FmFE’P podly t1s t%/phc:zlﬂq)y s%cglp enneadluré t r a n d S{n%{é(%s soPrse ang ggam rgmons that have a

Chanilqll @Blela@@ljdlmhwbetwem Bildyertof Sttanled Slﬂlwen IFfomi@Tm Bedyfaced of at least the

chanﬁHl Loies. Igédtevihsﬁﬁtm% Wy@rqmrnféé Bvet Q@eraﬁ thg Elﬁn&ﬁeél&% |c@v%1dthé s%alﬂed silicon
ET eggth a strained silicon channel |ayer.

formeg Dpresy e ST EC PP P A hegop porton of th
changl tegio0amd @3efaragdl fr&h ok civbbHEdiotg\fhe@ate mammag lagge® Sndahe strained silicon.

| a A FI nkE
u ?%Fﬁ&éagce%m{?lth%{ﬁ&%f) %1}: Igij Ctl? }éve}étlron, 1con OR gsﬂét@r&@i%&lg&me is
fomﬁ%bYtllyfﬁﬁllt Bioyidingsg QI é@ﬁrag'éhww@m semlivendmtwm dyerting 2 dlelectnc layer.

The deREbAIRS 158U Iﬁcaﬂﬁﬁ'hc@ﬁ %rr{hnfuﬁ]g rl‘ﬂens%mfcs}ﬁﬁctd? ?a‘f&tlﬁnaﬁé?@g Rebrm a
e er or stralne

an d In a
rir e B LT P Gt et isgatee e gl pepreen. A yer of
straingfhsilinve s tee (rasd.on e gaters bivsladsathé chgnoblagptn. Mgath dsuieidg yets formed
over %tleaLt%ﬁ%&alﬁeH gh&)g QIBQI? l)n tfluﬁcglhrglgl rég?)an 6 thte Ig@alrﬁﬁ glﬁéoﬁ grgwn %\1 the channel

[1con forned on surfaces e chann regl
fegloe o*ﬁ AU ivaeeaty &y then Smedo TRt U ghteiempssidgrells el tprypprtion of the
chani@DiekibiDdhd @fsepadaRd fr&h &8 BRhnel ©Gb10Y t}@%ﬁte 1@;1@@@1&%&5@%&&&{5& silicon.

t he channel on by.the na | ayer

e Y e
form &§die vieen tandHfinFER dodigyyapm bd formed & hevel nudtiphe chiamndl regighsab tiereby provide
greatYRkl wiigyvi ce is forned by initially providing a SO

substrate that includes a sem conductor | ayer

overlying a dielectric layer. The sem conductor | ayer
DESCRIPTIPI QrETHE/DEAWINGSN  ger mani um The sem conduct or

l a%?xfxahﬁen@ a} tBeelgvréreltgo ta% dgsgrﬁbed m corgunctlon Wi &E %dX enda 5 11raw1 e%s in F]Vhlch

es source an

exF@Wdﬂh@OWW@b@ttmﬁm Com(eritlayeéFmFﬁT strai ned silicon

| S Fighe M fowdBfie QoI BB M bYePRES P hor@h of B8RS hvehlMaIGRRBR 6 Figure
1o T€9ion. A gate insulating layer 1s formed 25 over at
% | east the strained silicon grown on the channel region

t OFigav 2 shotvhi€cras reation @fh ®hiehitas FFBMutand tHammeDhi@n A6dg line A-A’ of
Flgurg%ﬂon A conductive gate is then fornmed. The

conductive gate surrounds sidewalls and a top portion

of the <channel region and is separated fromthe

channel region by the gate insulating |ayer and the

strained silicon. In accordance with further

alternatives, nultiple FinFETs as descri bed above may

be conbined to form CMOS devices, and Fi nFET bodi es

may be formed to have nultiple channel regions to

thereby provide 30 greater channel w dth. DESCRI PTI ON

CF THE DRAMVNGS Enbodlnents of the |nvent|on are
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Figure |l a shows a body portion of a conventi onal
Fi nFET; 35 Figure | b shows a gate portion forned over
W0 b@4losdatye portion of the conventional Fi nFET oPCHUSM08028660
la; Figure 2 shows a cross section of a conventional
Fi BT 3gkwe 2 ane scherni e FinfRiker aad dagellof nBinETAbrmed in accordance with
an ertolie of @ prsefvafl@d/ 032246 PCT/ US2003/ 028660 Fi gure
3 shovvs a cross section of a FinFET gate and channel

of Figureihsheys § yhstpgand magderdpraning & FinRET i acogidarspriyienphgdiment of the
inver@ibn;t he present I nvention; Figure 4a shows a substrate

oK 9L A Bl A B e A8 S il v
st ﬁxelle lf’& élom‘ therstrgapreoffgguaf4b efter &trodmomq agfite;t he substrate
to F;_gglre% g‘lo%é tﬁé: E%Klamfé){ of ox elg Hl[oea sﬂ' Qongg&%umgl%sﬁ%{er ucture

I gure

formation of ure 5a
s h Sigureph eowﬁff SEHee PidieurstSa aliey rapplingye éry 2 birefl ei¢p (BOX) layer of a
sihco@@érﬂ‘ﬁxﬁthrﬁ.lﬁDISshﬂ@ﬁettd‘ ate; Figure 5b shows the structure of

A R 1,8

geﬂn@eunslhm&s the st ruct ure of Figure 5b after patterning
of FuE 66T tpegglaitgt@m &b%eh G mlﬂ?%{%&g.hl&ms&baya%f

ure 6a shows ation o rogen info a
%1gt}fsﬁ ﬂ’@?’h‘ﬁ?ﬁ“ﬂ“fﬁ“’s %fﬁsgﬂeée after ing pverted Bnds}we% tOtanemde layer of a
secoIEltsﬁhsl’(tettd,lr e of Figure 6a after be| ng i nverted and bonded
Fi
to F%Ere gﬁéhgvgst t{'leﬁs}é'ecaurreg (]:f g?guﬁgl%g ﬁf?eé a Igg? t%) é?cttué 1%Fti sillbgtlr'l:{tegm 91% region
OflmPIP‘&%ﬂmkegephe first substrate in t he region of
| Mple@B 6@ oV @E&Rs of FiHiI6E af@gplm "y ﬁel§£ 5111'&)5 Eé'rﬁangfm SOI
Fi gure 6¢c after planarization to vyi elda silicon
“ﬁ?r mani um SO  substrate; Figure 7 shows a process
f | Gigure fi stlowpapsdessdloty keofpadigtiegetfeii athonBit a@lllernative embodiments.
alternative enbodi nents. 20 DESCRI PTI ON OF PREFERRED
EMBODI MENTS A cross section of a gate and a channel
DESGCRIBTION St PREFERREIEEMBOPRERNTSn accor dance with an
e mQQJSJEEJth ofQfgatt AR al@ﬁaﬁﬁ@f&loh &\é@'ﬂﬂ:E’P Porthe iSREMEnde With an embodiment
As _seen_jn the structure conprijses
or negrl f m&%ﬁ‘mdseﬁh%f‘ Fifie S S Figgr & e s5uClp SRmprisps 4 siicon germanium
channg} regign 3gron @piclt iaxiown anl cpijeaial lafer @ftsiragried ailicos B4. rrhwsﬂlc&ﬂgenﬂ'dnﬁm lattice of
the siﬁc@oh b&ﬂ ﬂu&ﬁ{hma' mn |39¥s tgén%ﬁll)pr'l?rgéld&? g)aese!d xF Ml m.lce asa
chann I on I's genera ely space
result.ohthp PFF%ePCﬁ §? e lérug?rugealﬁmwnaft?rpseé tha@mae Begaytel the agpns pﬁée sﬂwon e

align plie@encre wakly jied kiacog @&m@ﬁlfnmaﬂﬁbd,l Meﬂh@ﬂiﬁm |1§eraE@1n|ﬂ@tsﬁlb&Qayer. The
SlllCOF ?e{gnalsu eeesstent%dia itmﬂrﬁsalgarm{e%o onesrllo(t:hglh Olgleé ?rﬂgélﬁt og ﬁ?s'ﬂg%t{a%g%p\ﬁ\fecgtro] the silicon
latticq ipqyeppds evitks the properiiog otgemapign it the diliven sithanmonatficay 8y a reshihghe epitaxial
silico® Iallér @@Qo»‘:ﬂ QN sAit& LSRfkh Elﬁhrle}/re@&“ éZ%dsuﬂ%dtto {ERM s(&giﬁ The

her. The anount of tensile strain applied to th
ool Gl Gt it PR RUSEBEAPERT 16 SHPBFFiEF Boxgp increas n
energg @1dNBNIf itsvalencet baels Si dectrﬁl@d’in SR F A A b Fesd 1l iabtem efBtslectrons

effectfvgl§ U/ngh 30tpg$en? f%!;st“%el{ passing through the lower energy bands of strained silicon. Thus the

lower energy bands offer less resistance to electron flow. In addition, electrons encounter less vibrational

energy from the nucleus of the silicon atom, which causes them to scatter at a rate of 500 to 1000 times less
than in relaxed silicon. As a result, carrier mobility is dramatically increased in strained silicon as compared to
relaxed silicon, offering a potential increase in mobility of 80% or more for electrons and 20% or more for

holes. The increase in mobility has been found to persist for current fields of up to 1.5 megavolts/centimeter.



10

15

20

25

30

35

30 silicon layer 34 grown on the silicon germani um

channel region 32 is subjected to a tensile strain.
wab@4/03p2pé | cati on of tensile strain to the silPCDNS2003/028660

| attice causes four of its six silicon valence bands
Thege dactopsapedaliseedjthenatdgrdegige werd incese of 35% withgy fustheraedpetianiaf deice size,
or adSli}Efe&@S(ﬁl ih ﬁbw@f@ﬁ@ﬁptmﬁﬁatﬁouf zﬁrﬁ&ﬂé%on@rf pe@fb'rﬁﬁﬁc:e!m ef f eCt S,

el ectr ctive ent | ess

P RS 76 1 g DR g1 B peLficon v 34,
and gdduble gate: Strﬂ'dmll@%tlmrmeﬁ omvard tiervkangyl pdyaend oadilfiag the %ﬁﬁnsulatmg layer 36.

r esf‘hﬁst 1 \af tll:ré)shg\lv 1&‘5{59@ Sffclrﬁgy\%ag of'a ﬁ%ﬁt@a?&hb% enl ance camer mobility as

eus

encount er ess Vi t1 ona ener rom cl
the rgsult pfi{he stqined sifiepn Jyesprovided at e susfaceeot th@ Premet reglerﬁamﬂéas thgtsougce and

draid 188i6hs Ofhe 2P o ok €3 Crobsl sbBRiSN éf%%hanﬁeﬁ‘?d’r‘udnns Pr &8 SGiigh as possible so as
er nobi I's drapaticall

siljcon. a result
o iy bl A TP et matis € o 23 PEgHrA e chieleshisgdl vid
Si | A woumss fofidming nBinBETHio h@ntiinad withqrdase ethtvdifitiof thé yvedfion is now
descﬁ&c(%ﬁre%%& i§ Bhur&l g{ rons and 20% or nore for holes.

he I ncrease I n no ity has been found to persist for
c uriigpstta shows H2O¥bsigse induding3 diglsejrs/aver 4) ané pielapsisiieon ggrmpgium layer
42, QQHM:J 13326246 JrédidiAdSROAIIRBELDdisc IR0k a’@ﬁe@ﬂﬁon%ﬁlamum layer 42
e BB e S-SRl GBS i Spgrer 1
3or educt ion in power consunption without a reduction in

p e rﬁt 19£sm11§ f?)rmeé’%n thU Elh&)ﬁ %erﬁ‘rg‘ﬁ’ﬂma%p 4f i’oxgeh%ﬁ% ghe s1ﬁcog grrzn%amum layer 42.

i nsul atin I's fornmed over

- The @k HS@&fFfrngiﬂé P ﬁgérnask forrepd & efeingioga bdver SR 8 PIBgrasig mask of

smnIEnQ;hzrpe_Gkaaereluﬂﬁdkt he channel portion 32 overl y| ng t he
gﬁ‘%%ur'ge&? éﬂog nsciruclztl?lx etr Flguref4a afte;grgtcs t@%ﬁ%‘% m%s Etc Or\rll\ggk to remove

orns
unmaskid gitieaagermamyn ayd tmtbem:bb/ fqrm a a@conrgr:relamveasﬂhEETdfodx 4n5e

st ral eﬁ%aﬁ&zjuﬁe@ Qiﬁcdn@a\,(@rrls thrnQ&'lﬁlg@@ saEctM‘g%‘ﬁH BII tﬂ@s@hcglf gel’rpﬁmm

FnF{% d% on as f as e source and drain

nFER E‘? 3%, The ns%%‘&er areatsrpfffe&blyer?ém C¥ ghemica garor dsposgion {GYP) using
Si;Hehanmek gpoiith b pmal Sre{aiir® BEBOMYa @8 a hubgﬁteaesnpa@ﬁelobipems@atals 600 - 900
degr%gcf ?ﬁerl]éx?amta% licén I%E ¥in& np‘ta’s form: . e %Sn %1% rrcl,sau t oFt%rces \111 th the silicon

pr o es a nexl mum e
1att1c\9rfrd%tfrﬁi as fhe yspulOBignmeyt of thg it angtops Fhrqqstﬁfpncwg te ergtpdreing @toms of the
silicdMgbrhaBurPla@iE L I pRferRIB R bRIN, 1o bpifakiQ sidMe8 RidoR Basla$hidk @M of 100 - 200
An S%O descr ibed with reference to Figures 4a-4c Figure 4a

& a SO substrate including a dielectric |ayer 40
an d&ftar greitpofed swiieil cilioon Geerivepaie invlitay yer ofkBicolaide Bugmed over the
layer@ﬁﬂﬁgcﬁsllfc&{ Tlﬁ%rsﬁlgéﬁcdxﬂg m%%t@refﬁa&%éomﬁ%n or %}e e(%lﬂg %Ue}?g%&m from the

bel ow. The silicon ger mani um pre era
straingd silep BET1 TR iinabihicknessal thewirined sifcon yes pFeSxabtvepRrpyjmatgly 80 - 200 A.
Ther&6€, theSimbmk & sgene Ela&dnyhar 1511ntu511@ g @G8H B deternined indart BReddn whether

somen?ﬁle stEamﬁcl sshcgrf "{l]lH%e c sumeg] r?un%% %(% ﬁ]%e rmani um | ayer 42

e siI1'€6h ayer 42. The nmask
| s A;ﬂrréoremf@n of thd date impulpting dﬁxusd@afeéﬁ detmby; yieltliod ihe gructfire dlustrated in
Flgull@ lge.| T%X Edte 1§£r5f91§l§1§f‘ fo?méd%k' @é})oﬁtlog '894 c%ﬁt%ﬁdaﬁl%yem%glygﬁcon %ver the substrate

inctup g e spRseOfor e giAFET iy Af (el BTV 48P PGP e v d then

patte@flig 8dingeh ebh MEBB dbine b @NDIBs sHORARTHREL 451 | | con _ger mani um

.th b
Zggol%%mgﬁaﬁtrgrrleﬁn¥ gf];(tl?e;%g%e %? Sfurl;he éngf)rc]: Fi‘%r Ig%/n e Iper:'%?rmeq suc-lll- tashfo lﬁl}gtlon of

rarn

insulfting specdrsloy sidevlaliscof {hy eatey implntatiapref tldrpent i the sowee agédraia reigions, formation of
sourdk, dbirFahd 1cﬁ1@ and REm&Hoh @fa'}?&'ec%e léy@loalfbuh(?ﬁ{&ﬁmﬂ@‘{‘

prefera l'y grown by chem cal vapor deposition (CVD)

using Si2H6 as a source gas with a partial pressure

of 30nPa and a substrate tenperature of approxinately

600 - 900 degrees C. The epitaxial silicon layer is

strained upon its formation as the result of forces

within the silicon lattice created as the result of

alignnent of the silicon atonms through bonding to

correspondi ng atons of the 25 silicon germani um

I attl ce. In preferred enbodl nments, the epi t axi al

s A NN NN N

. o
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Angstrons. After growth of the strained silicon |ayer,

a gate insulating |layer of silicon oxide is forned
wo@r@rn/0s2e6 | ayer of strained silicon. The siliPORUS2003€28660

may_be fornmed by deposition or may be sel ectivel .

gr oWle the Brereshdescribedywithpederenss toiFigsis 4aa e goncens ghefigrimggjon of a single
FinFED) itk SR uﬂcferstobd?thﬁ:tarvaiew al®inbiive @lfhciu@yﬁﬁy HeSmplérehed @Mg ¥imilar

30 Th th of
R CE ETET —
complerheptaryidpmdts inpy Ipaergatebasteub eririvdiptdnascted &(ﬂfé&b}i)cfonitin& a CMOS FinFET.
In an%ﬁlgraaitgﬁa‘Eivesihlkyl'eﬁ&&n l L: sJ&%e Gl e T, ongJ Hirthg]lgnf%)fl ? beq(!l()gli%tgd by

formation o ate 1 nsufating Iae
multiply chagnd gseipgsdbat gtcad hﬁtwgn P Uiy o Besie hefbterstes exaiapieveen the

chanfr] gidiom aﬂ@the Q’akh&m@%@grba‘iefr Bﬁasxlfee&/@%ﬁ! y fornmed b% depgsn tion
nf or mal er o Ol ySI |, on over the supstrate
i nc:TI%ﬁ‘HIO “RYETRE ) @{é%’ﬁtfa AP &ﬂwe*fe%%faw% Figures 52, 5b and e
shovwf sorhdiwyesdaimbd/usipl aupdanied eygaano fofm 4§ hvaeiedaxidy SBOX)0Her ih aylkdon gedanium
subs{rel?ee s sl*?b%zn Bﬁil ?ersgl a&glc&{?ée%m glﬁ)g%l& %ﬁovﬁc@d dﬁl]; ISLH)S‘na% typlcfally

gate 48 as own I n Figure atternin
comyriges adayereof ﬂlswn sqam%wgrwe@ﬁmgv%y&l@@l gyénammm bes@@frn for
exar@fe By@hdiadal (&Bor@ﬁposm(ﬁﬁidlh@&lbllaﬂs (SPAT 8K SerPineIGEEYE |s$l§ce fses, with a
ource

o5 8 B SR S S0B8PS o o
60 mPj.| Grotiy eéthe slivon fegmaniati ngyerig fmagp binigdtaiobing desk ayyiey, oralt@uuticely the

part1£1 E{%ssﬁﬂe RF Ee-ELt m%y Né%a% Qéﬁ)l?f%gl%gsgtfl&glﬁ)gg ﬁé)%gaqg\%r g].%ggl‘@ gr zeéégkelss%re to form

rocess descri reference to
a graglent 66??8%?%3 T{lq’ltgwlf"@qs ﬁfﬁ?q %lﬁolbgeﬂ%?mé‘mﬁ?gﬁéna? Ib‘h@ETmm?dtm accordance with
the padiQuldr ebphietioh) Gesfesdbyakk poftiak of&he\éﬂlfzdnGgEMaﬁlﬁm &B/ér@(ﬂfé&ﬁdd\f& forming the

FinrEF b gghoulg%av[cné}{mgrm co%f)s?urggnt ed using simlar

pr oc in one alternative
npﬂs &Pen !naﬁlgumﬁa, the spligprr geryfanifrin EbETRge S0hsitoplantal vdtb peaeni2tahan energy
sufﬁé’lﬁﬁfé@&ﬁ'aﬂ Bxy g RBPH SHBAAIuYh ﬂﬁﬁﬁ%tl&vmq\ﬁayﬁcﬁ@& %?sﬂ;ct}l%ermamum
por 28 electrically connected to thereby constitute a
DOV RYESIARESSON 57 | n anot her al ternative i npl ementati on,
t h&igee b sewathelsutctat of Higned 5aafer anedhh@of lﬁlel’sﬁﬁiﬁ gﬂmy{mﬁﬁ substrate 50 to
form%%@rﬂ:ﬁ glh(%q JEH+ 5)&(% 1a er%la Lhe su% a eninnea 1s yplcaﬁél aperformed at

bet ween us p OVI g greater SUI‘
aPPf%Pﬁt%Yclt%(b@gWé?nfmt amEle@ﬁelnfven hoprgghdipigicalin efr\tesh@ refpastay ragidpal strain in

the siﬁaﬂﬁ%elﬁlﬁlﬁéﬁ Ritic& r’[ﬁ@ H6de I;WBIQ% BerveIh‘the?dlélécﬁi@ ThyGQh R HERoREk FinFET
oVl In.a Vv @r | et

ed
bocitt T Bk P dpP e Aie Yt ePvn Bt trbetr pUHBRPS gl pgmin s
siIiCdnrzphlalmreﬁnEBWgésrﬁ 8t(ghofpinrross skibn @ che Obehighbre£iBDKpm i@ \yiitonigimanium

layer%agévgﬂhgsq&(gﬁgg%]wm 10 substrate. As shown in Figure
a silicon germani um substrate 50 is provided. The

s u Eé%tlfﬁ%ﬁae of Spprceretyes frmhpinipaerange Vispsecopt mahqdiferdepming a silicon
germ@@niIBOTi shbidtr gy, ngﬂretﬁl stRwSi ;leuﬁ@z@d wedoe Qermaﬁidni GR0a1g 60, MANLubRate 60 is
.vapor

1mplaggP X w1t2h l%ygrOﬁé/r\%% Itonfo orm hg/zi(rr)%:ﬁ rlceH( rg%lé"_%)wugllﬂ ﬁ-‘a élg?oll}éﬁl’glaltll&péf?ﬂal The
hydrfgsn @ombntgb@é@p engigy lwich thaighelrgiow bisilc@rgoeraitu renaping 6@e the
hydrogerQLQ:h qj%g)ﬁ €88edSCihe ﬁhcﬁe%'d@thp Qﬁctoh ?Amﬁﬁu%ﬁnéléf & beom%g oﬁ"ﬁ’ QSOI substrate

artl al pressure o
Tt may P? Rr?;fE}T?d é"e‘?‘ﬂlé‘ﬁ ithe By Jregepito gstraing regign Pfﬁliletsﬂlﬁ?negam@gw g
t h&geare biathbesthe ﬁfoorﬁéeh%ﬂﬁtshbélﬁt@lof Flhage Eﬁafﬂaﬂfetng allsaan' &:550ddl 6f oxide in

a dllLf[)ed }%H&Um r}ﬁseka% &{o%ge Wakey tolfcr;]rgnrag g‘%ve naFve%xﬂe on 1 dlc ﬁr?i then inverted

pressure to torm a
and b@@?ﬁ)@@lptah@lﬁed oxﬁelareh 72:1IQW@§ on pfemich@lugorlldyed og@mrrémbmate 70.
Bondir@ ¥R} bd PRMorREd A floftdHlpBeerel MAd f‘éﬁ&h@% IIS*@JA%@ Elaﬂn‘iéﬁon 686t substrates to

articular a pllcatlon Prefera e portion of the
provi ‘?IP‘?"%W SYACHERRIAHART IRt bopdingy e used for forming the
Fi nFET body shoul d have a uniform conposition. As
shown in Figure 5a, the siliXon germani um substrate 50
is inplanted with oxygen 52 at an energy 20
sufficient to forman oxygenated region 54 at such a
depth to | eave a required thickness of silicon
germani um above the oxygenated region.
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Fi gure 5b shows the structure of Figure 5a after
annealing of the silicon germani um substrate 50 to
wo eooaoze2bair i ed silicon germani um oxi de | ayer SBCTMIS10031028660
the substrate. Annealing is typically perforned at
appHExhondire by b%@@eu@eg?seeen@lﬂg for exspPle &t arempelatrefob§lo degrees C for
apprbﬁﬂﬂitﬁy thﬁaﬁbufsy Bk a3k ¥ Fafe\66, Snre&ding S thd Bidcoh 8§ shita] substrate to
in in si | ernanlu? | attice, The oxide

iy DB B on BB T G R AP G e s
76 bpmlexbib b dxide lafrérTERAd hddinglk esidwartgdibgh ech kgomaadt itsaipper surface.
d esﬁlg hQ&QbSQQQ 1\§ @ubséz Le%i gﬁanércr‘zef Qﬁ\/\ﬁ mréj] ?eax? gg a st tcgr{‘ %rn9 umEEII.substrate
i m Fi

Fi gure 5b a Iédon dernmani
as shgpyeip Fipgre 04 tﬁr@mvhwh a giligsy ger@eetnl Ii;vFEatonmeay bheatieratd ap dayiribed)
prevfom}m t he silicon germanium |ayer that overlies the
Xi 7 er 56. Flgfires 6a - g shows sfructure
f 0 ﬁgé‘ff SUAISE & PEAHE R W AR E P assing BmefeFrd e bRy gt thy @Pfﬁlflwaoned
altergatigds lndovatious 3er glermaavek ﬂ)ﬁfoﬁﬁhg S0 MITSHEE device glittiellyGes OF bubywte is
provﬁie J8é‘)n %ﬁé gub§t!ralté c%ﬁ)xg]r ant e an o§ ﬁg& ‘hataotlgrh dleigaﬁc layer. The

rate dr ogen
mﬁ‘gﬁé‘#@g@ﬁf s |P@F?rabbfg1hew geananijp mdrﬁhetdr?éeotep 1ayee emreéeethﬁﬁlpwrmamum
oxidfBsBiEdnatkide. T senfidoBdCBEIRyeBid ihbSpaltdiiRl M Vot MARHT 184y BRRIAY source

uchtht t he, amgunt of | i can
and G R B P PP O e MDHGY TR ey then
formed ontshrfacesiof at drast thg elrameehieginn (8 A)yadthougibth Byd: of smeidedoiticdney SGitionally
be fo?rH@l%‘irér%gurfacés ()f tﬂwﬁug%mﬁg'ﬁﬁo%gf rg gaté ?suiaﬁ;%l 1%@{ is %ogﬁ“ed over at least the

ydrogen into a straine

S“a“ifs S isan B antheshanpelaegity & fip PRSP Frveihe sgeﬁmﬁlpwown on the

chanBd} bs@ﬂbii ate Taé gakel 1@%@@6@&&1&9 6d anbﬁﬂd@ﬁoﬁﬂ ﬁﬂrﬂtﬁastraﬁ&f siRQESH may be
depoalted over 913 S alnedt s?hcm% o(?urc%t:l_JIE I%gteo %#wv 8m?1eg t(giSS S'ﬁlS ﬁetta%lnguhldﬁ s]i;dgwalls and a

top poiiof efe@ chaamﬂ regloe andijispemrated drom ghe dhdpheeidn byohesgaplimmvlaing fpa and the

straifey |s1d<§>n Ila?éf Chs 1%&1&5&5 Q%de Q Oari@ty %%h&lgﬁ (ier;ﬁén%'flta iAAY fah bZ 40r19£d using this
second substrate 70. Bonding nmay be perfor med at  room

procgspfipe gt diredhe sty dpdaabpad Breers e ARAPIATY Biigtdevices having
multhBtchenslil gibisadne Sevices enfploPivig (Ziaﬁyu@&ﬂﬁteﬂil RdBokifi @€ BndG@REiE Cdyer structures.

f o %@é‘g‘gg f%@gﬁgfgg fgSA¥COIéD\(4\Q n%ﬂfg QSI?%OPI cgascriged élerein may also be formed

by a@m&w matheds. saghens granbaf eglicof zyrmaewelhybr@n asemicopdnaioriinfEibedy, or

1mp1@1ﬁat1@gﬁ g&‘ﬁgﬁlﬁﬁ Sito & sili®n FRPBT 98@151 rf&fo%l:d/bytgmt'vsﬁ?of B4 silicDS on the silicon
n Ses e .sil |COﬂ

s LS AT PP e TRROHSS Elian YR o

implgnitagibn of eayihon ittt sutfhvg of 4 digor FigFER bﬂtB/WTB&ndﬁf&E rsedigd silicon FinFETs in

accoﬁl%p&/fthsthé’]igveﬁnoﬁ 'nla&r f dé%P]eQ:ﬁ]Ey lectgl@e& AYGh Ifm]h B?JI] giestlalhe(a sf’ﬁgon formed

oxi de | ayer 72, aving a resi drogen rich
on atrlegfuﬂe hagael r&ﬁl"li tis FuﬁfBElaodgu foigally. the§1rrfﬁ€ b wprgmmetarlaafref filicon
gennSﬁithﬂﬂid@tﬁfabe}bf@dl@El&tﬁ traedi 8aeh. cl eaned, |eaving a silicon

ge strate as sho in Figure d, from .

O TRt Rt R R PRty o e S5 s ggrmantom
into thesupmging p%dayelgp esppgiyis oyide Eyeguln ethet ajtd¢rhatigdsyacdilighsk mmterial having a
latth Epgﬁl?gsé thfit o@é’f‘ﬁc%ﬁ] g&&%ﬁﬁﬁh&}% leé]@as Qf{e%ritg fnglﬁzﬂnfﬁ%pglpf@ﬁg additional

f orenent i oned alteéernatives and vari ous
S“PP%f fP@P“nS&?INPéEB strajpedsicon g a SO MOSFET devi ce.
| nirgviiiabe aypaaenﬁaho&ulbﬁigromlery s8ill inliGe 420 tRW ihel &dcs G&Q)bed ikl above

proce‘?ses arf 1o eggcerasggr ?y elxcgu VE, Io% era tasé<? %rﬂﬁ]%éer g'ngt%urglgr nta %/rbg Pl?{;peorrated into the

abOVTf yoqsﬁesflewa@ﬂayceswﬂhltwtlgéar sreuniughto e fproned e Fot |e€alrrebt intermediate

procés%@:[sks' stchR§ ﬁ)fl%@xpeln){ re%lol/dl %@ssgﬁfoﬁ'ﬁ rsLprro%ﬁvg ‘iaayé?g between processing
I'i con oxide. The sem conductor [ayer is theéen

taskspfalflia%qnﬁ@bfe%valr% Phptogesiss WE?“"O%‘W’“%‘%PY% fiRying ausrcener-goping,
drai n regi ons having a channel region extending
t herebetween (82). A layer of strained silicon is then
formed on surfaces of at |east the channel region
(84), although the |ayer of strained silicon may
additionally 15 be formed over the surfaces of the
entire FinFET body. A gate insulating layer is forned
over at Ieast the strai ned S|I|con grown on the

o " P e pe— " a S



channel region (86). The gate insulating |ayer may be
an oxide grown fromthe strained silicon or may be
walepessed over the strained silicon. A conduckCwESHHaL/E28660
i's then forned (88%. The gate surrounds sidewal | s and
cleargng, pleparizgtens ind qtherftasihmarcis atfoErredralons with thaterks speosfisplydaculipd above.
Furtfef, @i ptoB&s £BAHUIBd peff&ﬂl.b@cﬁl ah yntﬁehﬁbsggeé Sich RSH Er{ﬁ_ﬁei \;@1@8 lb@¥&Ker may be
menti gne

and, the 20 strain ) above,
pert R ol Dt P e S PR A s feures and
descrildl Aigve dre gresemW@m:sd fitlsigmtd be melbrstdadrtont thise embadilests gte vifetsd by way of
ex II'L,Q)Y}H 'fh@ Er&gﬁ £ ﬁotﬁﬁltedt partﬁann Ib!)dll’ﬁé?‘lt enqevI %ﬁ)ﬁs modlflcatlons

evi ¢es havi n reglons,
combinpPrisyAnh prrRERtipns it fﬁﬂfﬂéhm Bip scepsrRh 818 pltamqh@veaﬁ@s wﬁtﬂ@rr ﬁmvalents

| ayer structures. In addition, FinFET structures

i ncorporating strained silicon as described herein may
al so be formed by alternative nethods, such as growth
of a silicon germanium | ayer on a semn conductor Fi nFET
body, or 25 inplantation of germaniuminto a silicon
Fi nFET body, followed by growth of strained silicon on
the silicon germaniumlattice at the surface of the
Fi nFET body. Further, the strained silicon may be
formed by inplantation of carbon into the surface of
a silicon FinFET body. Therefore, strained silicon
FinFETs in accordance with the invention may be
general ly characterized as conprising a | ayer of
strained silicon forned on at |east the channe

regi on of a FinFET body. Typically the Fi nFET body
conprises a |layer of silicon 30 germani um at the
surface of at least its channel region. In further
alternatives, the strain in a sem conductor |ayer may
be enhanced by inplanting germanium into the
supporting oxide |layer to expand the oxide layer. In
ot her alternatives, a high k material having a

| attice spacing to that of silicon germani um may be
used as the gate insulating |ayer to provide

addi tional support for the strain in the strained
silicon layer. 35 It will be apparent to those having
ordinary skill in the art that the tasks described in
t he above processes are not necessarily exclusive of
ot her tasks, but rather that further tasks may be
incorporated into the above processes in accordance
with the particular structures to be forned. For
exanpl e, internediate processing tasks such as
formati on and renoval of passivation | ayers or
protective | ayers between processing tasks, formation
and renoval of photoresist masks and ot her maski ng

| ayers, doping and counter-doping, 6 WO 2004/ 032246
PCT/ US2003/ 028660 cl eani ng, planari zation, and ot her
tasks, may be perforned along with the tasks
specifically described above. Further, the process
need not be perfornmed on an entire substrate such as
an entire wafer, but rather may be perforned

sel ectively on sections of the substrate. Thus, while
t he enbodi nents illustrated in the figures and

descri bed above are presently preferred, it should be
understood t hat these enbodi nents are offered by way
of 5 exanple only. The invention is not limted to a
particul ar enmbodi ment, but extends to various
nodi fi cations, conbinations, and pernutations that
fall within the scope of the clained inventions and
their equivalents. 7 WD 20047 032246 PCT/ US2003/ 028660
What is clainmed is: 1. Asilicon on insulator (SO)
MOSFET devi ce conprising: a substrate conprising a

di el ectric layer (40);
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5 a Fi nFET body fornmed (46) on the dielectric |ayer

(40), the Fi nFET body (46) conprising source and
wale@isi3negi ons havi ng a channel regi on extendi POI/US2003/028660

t herebetween; a layer of strained silicon (34) forned
Whagigclaimed 5ces of at | east the channel region of the

Fi nFET body; a gate insulating |ayer (36) formed over

| east the channel on to cover the strained

S|IHcon‘?%QT“O?%?H@B@QH%QEFFESE@”GWm¥ﬁ%gchanne

re@wmnumaaﬂm&ﬂgad&aﬂdumﬁxvm)gate (48) that surrounds

ts Ihgaﬁﬂ{\%lElI‘%ocgl’}cgnrng (ﬁ@% g[ilte c lg Q{)}Zﬁhg gxglgé{’}golﬁd%@%lc%gpr%g% source and
drair} pgieris Arvingg Chaasﬁélreglaln@tetm@ thelfqbatwwed silicon layer. 2.

Th % I%Ndf Q@alrféél iR e 4y f@mfé(li & ﬂ?fé’ees dﬁ@tqga@tk@ chddfel Ealglelll: éThemﬁT body;
(4 [ conF?%er mani um The devi ce

cl e 1nsu1%|ff% RET FOL REEPIFElss Hlayhaelszl)egle‘b%w%w&md sicon (34
formbd as:eshrfaléesmﬁfiﬁ?chamuygmnamﬁ wherein the device further
c 0 ggﬁgﬁd%&isle ga?el é@%%p sg\F?]ung]st!%;rwa?lgg a&ciogrggr% n Of the cHannel regl.on and that is

ectric
Sepa@@é e the sparebwsgiomy tepreati irsylasigg loyes ald i smfgnea s@@@ droiet-
channel region extendlng t her ebet ween; a | ayer of
stralneqvflllcon ornmed on surfaces of t he second
chdnnel T&HTER3e 3 g e “PHUUPHERTY rRyEY irBioreg v
at | east the second channel reglon to cover the
st r3a| nedl"hls,' hévkcg ag}tme [:I%dl 8 %ﬁ%ﬁ’ bgg (Hg%oé I e% agirst FinFET
channel I on; a setonc uctive R
bthﬂ#W@ﬁﬁﬂﬁw Wﬂéﬁﬁmﬁ§mﬂﬁﬁma top portlon of the second

chan&ghd H'iﬁg‘lr@ﬂdy&&dled St didleBri® ﬁ?@rtﬁe; 8dnd FRMTIRE SB ﬁr@fh@ second

regi.on gate lnsu ting | ayer and t

Smmmamgﬂne3g§lﬂ?%%ﬁyFQVﬁ? e n?@gﬁ ‘%??lcally

c orvaertoé graingd diliven oowed o fuifes gfdte@ecandrchanl digiog, t he

ch anhe nleeﬁﬁé Q{é ﬁ)imetd Iager fat' lé'a§ttthe écggcﬁ?;anga géélongn o££ fhe L& sqlicon

and drain o first FinFET body being doped wt
3mm?4?§¥mﬁﬁﬁ§ﬁf““&ﬁémﬂﬁ83§8UW@e and drain of the second

Fi I’AE@E-J;n(hﬁﬁﬂtlctb'e pddgha Qﬁﬁdldmldeb/alﬁ aﬁcﬁﬂ@@ﬁbrﬂﬁ Iaﬁtﬁé second channel region and
that i %g ate t?e cong ch%rrl]n%]fr%ﬁ!l r thg, g%e 1nsu,1at1n%11 gyer and g étéafme? %lgcr?% gyer, and

Thiclarm sl
that ig) ﬁe%mcdléwamegedd@ the h@dum‘@md‘a mowémg te ehan®0r650n & thedirshiGigFET body,

f OlthefsQUr ¥ aRBdrRn S thel fffs@ Bin@#Tr Boﬁdswxr%td%ed G ﬁrstMGﬁEtEaIld%W)u‘fc% and

risin roviding a SO substrate (40 npri si ng
i QR e IR B PASRbrAC 755 o oa eGP gy o e dopent
| ayer; patterning the sem conductor |ayer (42) to
fo r4m a FI'RQ&%I&} Qﬁlqydhxg é‘lg)n ICM¥ J:o%{ sgl}g a% cgr%on%gad on s1dewarl]ls of the
regi ons having a channel 'region Pex
condyqipy iset ween; 35 fornming a | ayer of stralned silicon
(34) on surfaces of at |east the channel region;

forn1ng .nsul atin over at |east the
Sai nad i g PrEa%3 Sﬂ&P’gwn%ﬁmf ﬁg%ﬁ%ﬁm FeVio8 GIOHSg

c o‘p@mdtngl e SQt swigirmed 0 omprsng a gpmdandutiBAdyenr2)tohelynp atislediic layer;

r egﬁtQHn Ig%@er&%mctgglaﬁr @Lgﬂg H)% i"‘l ﬁy ﬁgb‘%% ﬁfn Qoldgg %nd drain

s and top portion O on an
fegwp%hawg%ap%bﬁr&ﬁlé%gwp EEeRdoR Bereheieers | r e g| on by the g ate
w) %gg 7 Iggeégﬁ&fﬁﬁed (B6on (:8418 gr; sz%esécg ﬁﬁ%&@l@ﬁﬁdnhél E‘e‘%ﬁl& (34). 8
4 4 e Iret ho
N gomr}lg ane % ugtl aé/er 815 ?.tg aft 8 Stéaér}?’ii 811-?’?8 Eiﬂ? Fpvy og);lgzlphannel region
toawqﬂymﬁgwgmhmmgpwg@ﬁmnnwuhmm%mﬂmth@ Fi nFET body (46) is
Sl kdnﬁﬂ‘lga EHRbIIR ot hat surrounds sidewalls and a top portion of the channel region and is

separated from the channel region by the gate insulating layer (36) and the strained silicon (34).

8
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5 7. The method claimed in claimb5, wherein the Fi nFET
body (46) conprises a first FinFET body, and wherein
w0 b@4foe2hOd further conprises: patterning the PCT/US2003/028660
sem conductor layer to forma second Fi nFET body
conpri sing second source and drain regions having a
seaond cingmB@dd dlaﬁﬂddml&iib Sibeiei ghesEHRERDRINVBRN(42) is silicon germanium
d% Tregt%g Wi, t atterning of said first FinFET
an %@9& %% )r’ﬁst"}ﬁo P8 of strained silicon on
surfaces of at |east the second channel region of the
second
of St o e de g PR i AORS 6 Bt LRI A | A Bhorer
bOdYaa“&a‘th@felpﬁismeféPqfn@letfa’ylefﬂsefover at |east the strai ned

Si |ﬁa@e@ﬂng§lﬁe@\éﬁc&1@u¢to‘ﬂ Byt BGaHG: sQJBM@ET%@@' c@ﬁpﬁ%fng se8@ddource and
second Fi nFET to cove e strained silic

R e R T T @muﬁwwwpaﬁgrmng of said firt
FinFE®beiyng a gate insul ating |ayer over said first FinFET
bo cIfgrmm g‘ijaygr%f Juq{n{q sﬁ_gonaoa;%lﬁﬁgeg qf & %ng ng Eec n? lgiﬁﬁe?re%gr%f éhe second

surrounds”si d S an op porti
FinFER hethesoncupreagly with spveing adavgieqs atrame@ giliqop @maldrﬁést Eigidgihady;
chasagl a fgﬁ@inﬁﬂhu@’laﬁeh&'ergﬁfeﬁt t??ﬁt\dﬂnéﬂ sllhlia?l é‘r&%% tl@@éioﬁdh:ﬁannel region of
ilicon, concuren 0
st s R L B b e PP P o e el fgp gpppomenty it
forminlg @ sgonghladhg lner gyartsaid 6fst HilFEThodyséndFi NFET body and t he
co I}%ﬁl% agé%o&l%t)rﬁlu&t/e éaue(%ha%ﬁlﬁ%qi sji:de{;&llg glud aqgc;iepoﬁiog Sittlrxé s‘&%kc’i dhannel

connec
regl%’éjrlé?eﬁar%t‘f?éf% tPﬂSEﬂinaylel(rm by she 24 nquissRaIaop 90d e e ilcon
concB@BIHRath foﬁﬁame&onme@\te@ms orxhemdimgEbedaeen the sour c e

\{;\lllr‘]] gwhgr:éleﬁl Ith@ rcc:;:)nv Qenrééte O gérrrs} "%E% F dsr él(l:d g (glgthﬁ éa&e 0% thz éecbnd FinFET

aree@etma@DMEF@led)r | ayer overlying a diel ect ric |layer
conprises: providing a substrate conprising a silicon

germanluml i mpl anting oxygen into the silicon
Gormani U PafEclsing i cliim e AFFG U ABTELASY HA B et Grepng sccond

chaniliregioh eStedding GEtwepa kHeBduad Badaditegibrayer in the silicon
germanium layer. 30 10. The nethod clained in claim
5, wherein providing a SO substrate conprising a
sefli condliemehod|chajme inslpem §.yhergin arogifieg e2QUsilstritegpmprising a

seml&ﬁﬁﬂafof ﬁ%oveﬁﬁ@gvd SH1ddgic Rydr bé‘nﬁilséUbSt rate conprising a
er mani um pl ant i ng hydrogen into the

sili
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prov1d1ng a ﬁrst substrate comprising a silicon germanium layer;

implanting hydrogen into the silicon germanium layer to form a hydrogen rich region in the silicon
germanium layer;

bonding the first substrate to an oxide layer of a second semiconductor substrate;

annealing the bonded first and second substrates to fracture the first substrate in the hydrogen rich
region; and

removing the first substrate to yield the second substrate having a silicon germanium layer bonded to

said oxide layer.



