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WD 2006/ 062796 PCT/ US2005/ 043398 SEM CONDUCTOR DEVI CE
AND METHOD OF MAKI NG SEM CONDUCTOR DEVI CE COVPRI SI NG
WORPTHAPRIYE STACKED HYBRI D ORI ENTATI ON LAYERS  PICEIYS2¢g5/043398

THE | NVENTI SBVISONDULCTOR ®ERIGES ST METN@D OF diAKNfat es t o

seni conduct oYEMIEUNBEETAR BEMSERSHE REENGHRIHIH Eur i ng

semni conduct or ST@\‘HK@@@YMDOMAEWI%@R&I y, to an

i mproved sem conductor device conprising

silicon-on-jnsulator (Sol) technol ogy. BACKGROUND OF
FIELE TRRVEKFYORN 02] An inportant ai m of ongoi ng
o1 r e%l% re% szcn%h i%@ ?xg?ﬁ:g%%éd Vzﬁgs%ﬁ E%tglr)% é)g ?xﬁt&tﬁ%ﬁh&gcmwomucmr
devw@ﬁom urmsf mmcuiaﬁy st@ﬁfl etal%raﬁétbmwc’d%\?%éfgm BYpRsipg Silicon-on-insulator (SOI)
techndlb@nsi stors, such as netal oxide sem conductor fiel d

ef f ect transi stors (MOSFETs) are particularly well

suited for use in high-density integrated circuits.

BAC@@R&@@D%F%EE?&VM@TS and ot her devices decrease, the

mensi ons o ource/drain regions, channel regions, '
[02] anfin §aroBane Fist o geias aTeafchdn devPRiERduehy dylusiy dp dgipsing semiconducior
perfofnddde whhedddesing powd censefiptisiralstr@tonlcan davictss AMdirgtasissors, such as metal

oxrdevxlc%lcongl%por t{glﬁ Q?t@c@ %Iarhs F)FLQMED%FB:PSK a:‘i::cv.nna?lfl CRAALiYed UGS use in high-density

source/draln [Junctions.
m‘egf%?lflc‘éw ﬁvh?:we@ﬁy%F%TSﬁ%@@é%ﬁW%ﬁwa%ﬁ eidipgnsigpsf source/drain regions,
chann@l rEdidas |aﬁﬂka@fele¢tmﬂésaﬂﬁ18diawcéipd§baEiéc‘ﬁeadent o the channel,
03] si “Pl%edesZgn ort] ever- sn%alder 6{) aaarqll’a%%%rsg\ﬁﬁmaEo%toclﬂgnnyl lghgtﬂ; ﬁl%l@ytt gc?f;estSaQy 1o provide

curren
very @hléw @vw%@m pestignai Wailqutlaﬁgre weﬁﬁhryao dejst hte@hdlffvf@n of implanted

dopar® GBI hdEhadROQinds Qkh |dﬂ'ﬁ§am &lEanantG@&ﬁfy&iohbeﬁ&le|1é’aﬁ@e fe@¥ems and poor
Or anC in. short ann

break%ul%le 8%%33120 pglg u?%ts%urrce ga ijc% %ns’hng-‘l aocée);/)gla n, th e or%?r of 15(% A or less, are
generdliyrqmirad dm a@tptdhicghtapeaadin siopghdnophdgvigesct | on deV| ces. In

[04] 2051%9’-'0& lngnatorﬁgl) gﬁMbI@g@%lléMeQ&%atgﬁﬁf }Qéﬂf@&@eshzbbéw -junction devices. In
parasit]c junction capacita In a SO

05
addltlgrh B@It q:g?eé ImPLOVE B ORHRGRGY U8 )*‘“‘fﬂ“f“ﬁh‘"ﬁﬁ‘&!’é "B¥Csi i con
[05] oxiad&Ol sibduote rethiaixslk @)@ fib mmgaf silgpih pxixtg s, forng dn @ngle crystal silicon,

and a §1¥1§]9er§sta¥&i¥c§£ §1kn f§11n|1§ tﬁmd th@e& f\/'alugﬁ lngthJuQ E“dmgnéah@gr FABOI substrates are

Var | ous thods fo bricating such SO1 substrates
knowty (Qne sych 6\‘7\&‘10‘* ‘Eff‘é’afé‘,‘ti’eﬁ’y ﬁ’é’l’ﬁ‘&& Oﬁ%ges(éb“é%% Y’B‘iﬁe“b‘ifﬁ%ﬁl ‘%th"@‘d“‘cd into a
.,mgle@@y@lﬁﬁlcc(nShH‘s@@ tp farl@beaicd o0X(BOR) fild. i on i nplanted into a

[06] Li Kkgu n&r 1@! %/%ﬁt ?k’cinﬁ L é%@f sﬁﬁ{*&&tl{ i& b%r%lrrgo&rﬁgré?n mrsbxﬁlgonductor substrates

er method of form ng a
with egqn (g(ﬁ!ﬁ &urfacetlayers arehgpds tog%lﬁaqxtﬁﬁ siligyopids erﬁ%to form a BOX layer between

. thetwseenﬂlé‘oﬁclhdtumnmrata,ubst rat es with silicon oxide surface

[07] ! aX?o{h%r %I?ccpocg:g ?s m ruch aI%} l{llx%lvgsj l!olnc? %nseg?é%l%ﬁctor substrates through

aces O
oxide deyeri- clontt e ICue uﬁpgltogl,amg gf t e[ s@ryl]co rﬁ@ptrag@]ts imala e w@éwdrogen ions

prior !o%omr trhCfdR eV ﬁﬁblaﬂis@ﬂ)sdqﬂéﬁw MBR&s MOMGtird}en ion implanted substrate to be
o IR e S A T B o

[08] i sSemirphdantretivivi penfotmypdeeogehe fghs cnf@@ieﬁ)rby the selectibo pdsilirgn layers with
certainlc aﬁtahMgﬁ (eTeT=tp Y] Whﬁcmcﬁﬁte%oﬁ URSReAeRT/ Vor@kaln@lé!sthé ﬁﬁormance of P-type

ant e str
st GBS TsS s P unre ) i e T PR i PRglien gpBeR IR e gues
orientgi sbitleothe Igites flhe irsthe (la®©e! 10>-Q8Ycti@e rifihe anlglitg bOiroled @vwaoem the (110)/<110>

dlrecugte L BBMQ QW&E@QS h@h ay rtﬂah@lf hdffdd hﬁ@ﬁx@ dn mé Jo%mﬁ;ﬁil Q%Ob/@n 0> direction,

[icon | a ertain
SN (AR PR 0 SR A R S S FoL (PR e
(1 LOYE®O> dxeatiop] Hole mbiglitp &t thoil Mgva 108> difectRntisyply two-thirds that of holes flowing in the
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MOSFETs (PMOSFETs) can be inproved if they are
fabricated on a (110) silicon surface, with the gates
WOOHPG28Ht ed so that the holes flow in the (1PEJ/USR00503398

(110yd1 e @irécash. ThaidmoRideton mbitiolnese (110WbIRG & Mk ®wer than that in the
10> direction is nore than twice as high as

I
Comméﬁnﬁhoéph ol es flowng in the conventional (100)/<I 10>
{09} di The derin gemicongisfon devinssitag used heypinit i aoy W 1B) lingigd faatbe sirofially disclosed

embocﬁrﬁﬁn\&e bénﬂ@méﬂctof dcgss, A0GH ﬁ§e1ﬁ ‘fhcﬁlﬁ@a \(llaél-m ét?btﬂe%?trﬂlcrd@&&é R8uding flip
> djrect e nobi l

i, PRl ISR Gt B i RPTER S Rdestis oc. In
generdh gdrndenducordenigesirafer tdroy WOURE G640 6RTIBInPEHIWBRAGS/ 043398
(110)/<110> direction. In addition, electron nmobility
in the (110) plane is nmuch |lower than that in the

smwmwmvenmhgmwfwﬂ@@) plane [09] The tern1seniconductor
[10] deﬁﬁere xrkts neé'clis qh xnicandhct%de\é;ce ar¥ ?(g k%‘e@ggﬁ?mé%ﬁ%) tn&srne performance

speci f1cal 'y di'scl I'iren
lmpro@@qtptt@§01 gghnglggdmﬁ emtigiaksilicpmeystatiericatapyind 8 hera fuitesr yxigfa need in this art

for serﬁl:&:@&cfo@ Hév%eﬁ&%bﬁs@fg M@S‘F{Etﬂg hRGeih ke PMIBFER 28 NMOSFBTs are fabricated on

es, nsi stors itors
e onfil B S RRE PET R T LS SRRl SR D e n i an o
methodpdage el formueem concudtor dd@viccewisingfSE ttobnedugy aed epinml ghdon crystal

orientatl6 | MEdGRED 'iﬂer%'&gts %%dciﬂ Qﬂé’lgl“ %%ethg %Y foqgmp_ﬁuconductor devices
here exists a
compr i LS R BT iR N B tond BMOSF B et i Appasiioon suaces

for holt ke eparohowbittnce | nprovenents of SO technol ogy and
{11 omlésgmalnd %lt}Jeil Qeﬁs QFeyﬁgtaLy Qﬁ]f)o%n'&e?rgl Hthe -g?e%gn? 1I|Jé£tFone[vh:ch provide a

exlsts a need In his art or sem conduct
semwoa%‘ob@glc%fﬂszmngﬁ Wbsm}zqgmg a figsh eyl ﬁrlqnﬁéozpmeqsglawdaycr overlies
the suthRSIE Ephedlier dfallicdndake dvedlie thd@rstapdiiating . | .i\(ﬁﬁ;ﬂ silicon laycr comprises

siliconiw Jg%cs%%mf %stapgljiegtatﬂ)qqnueg d?f a[ }?ﬂ’l e aFcon(i y 1’100 e{) E(g:t]tld)n%leb sx}lcon having

SO exl sts
the secpreherigh gvieMefion a@e‘f’rﬁfﬁé@?ﬂ@eﬂ’é‘rfs ﬂ*é%"é@lycwwpi’% foriy coEkR! Plaﬂe of the first
siliconta@&hnol ogy and optimal silicon crystal orientation.

I n,.addition, ther Xi St n.this ar
[12] r}{ ehe and other hee]ds o?urﬁ%n met %H.lerétgorﬁi cn{s of tk& epresen mvexﬂaon which provide a

methodc?frf?mrg|ﬂr$gmﬁ,@$¢@r§eviomevmmm mrhedum\mﬁﬁfrsn ardptdMBBRE Rgmprising a
first silto® sbaRlel 1ﬁa£g'3§| ﬁ@ﬂ:r}sﬁﬁox%ﬁ&:ﬂlm% ﬁrktqgﬂla%rt fﬁ%ﬁncd %refnpgnd a first

siticon Blyer%avu*g aBe)e/co:%Sﬁtgr o{]o%rﬁetllgn atcP( taliglagesovrq:?yurgﬁﬁ}: mt mév.ﬁatmm}fe{: hA second

silicon gybetvatedie pravidaiduyinmhel spednd eryet@\oriengatiow arplr 4 @istad) planesind 8 bacatd @nsulating

layer fg}aﬁd BYthd sdcbddSdub &by St s8di &k éugﬁate'%oﬁlbrfs&ta hr{}sdf} gt diGeated by
overlies the substrate and plurality of

:mplantéx]g){liy 5N 103%/1@? gua é‘i‘]%‘}dﬁihéontsfpé“af“‘] rTgf schﬁng Ollllmnls%trqted?@lnded » the silicon-~
on-insufagar sttucigie tir@gintht sey@d s Oipg lagee snd thd ﬁrstemmnhewn suoh Batgeeond plane of
the sec&{iXﬁEo@lsub%éteqp&%kt‘a@ﬂb@aqgall? 0%0¥(§1Eﬁ£ lh@ @QQ Elaﬁé cﬁ B @ ?mjs:hcan layer. The

ilicon |ayer conprises Sillcon having e seco
second élll'%ts%\’ls(m&ﬁ"f WH e feaﬁvegﬁan%th%ll;r? &f daqfecmleaﬁég efiigg the second insulating layer
and secstdbib@ndyeadnliy smﬁdnhﬂglﬁﬁl&tbr strcndrdde crystal plane of the
[13] “ﬂ(t&s 1iwenﬁ’c!nl ddﬁ:rgsncs t%yn%%is erJaglmle'@& Eigl@-%geaostem? badl&S qj%w rvgth improved
ments of t resent I nvention,
d“”w%ﬁWEﬁwﬁW6V|de a nmethod of forming a seniconductor
[14] deAtif@eome BArothst f%.nr@l‘@b&l@,iaﬁk&idﬁhn&kdsioﬁﬁiﬁpz@sﬁntiuﬂ@dﬁbﬁﬁ/mTbecome apparent
in the ff?lIong%l% d%{gal%d ges {léngoLf Iﬂlg ﬁl{esc{!{ 1':(1)\'%?1’&011?.%}]1!:11;1% elg rm:(iil)njl“ﬁ}l;]cécg t : hn% acco%panymg
drawingsgy er forned thereon and a first 25 silicon Iayer
having a second crystal orientation and a crystal
pl ane overlying the first insulating |ayer. A second
silicon substrate is provided having the second
crystal orientation and a crystal plane and a second
insulating |ayer formed on*the second substrate, The
second silicon substrate conprises a line of defects
created by inplanting hydrogen ions into the second
silicon substrate. The second silicon substrate is
bonded to the silicon-
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on i nsul ator structure through the second insulating
er and the first silicon layer, such that the
S087%| ane of 30 the second silicon subst rB{GTEU$2805/043398
BRISF EFtRERIION S TR R RAWYNGSr t hogonal to the crystal plane

1510f ioe if isrisdsird thé fbaﬁhublawear soﬂ&ﬁcon@%mwlé{vhﬁ #OBFETs formed on siticon
along the |ine ¥

Lt .and remoy

lay e%%??&{r‘%ﬁ sg\?/onr?gtatb IRIC AR RAE %§ggﬁd i nsul ating | ayer
(16JandIg. e'@dﬁétf%qsltfﬁecfewah@yérbum okielagr by he RrpddntatistSaflodfis@k ion into a SO
strustded, UCt Ure. [13] This invention addresses the needs for

an ed, high-s em conduct or device with
07O et i BT SRl micer T DEon A (i} VEMOSFETs formed on
silicqndgyery of difpreaanalystt drentafoeadnukicaane saispect s, and advant ages

of the present invention will becone apparent in the

follow ng detail ed description of the present

DETAMEBITIHSCRIPRTRNIOL RKE fN‘j’ENT@@I@j unction with the
dra S. WD 2006/ 062796
0181 D TR R P B S L brp i DAY A TR R vics with the

bene{itg_ Sq 3@ emolopy 281 MPPFETSs fatned ¢ohsdlichrolayrat Haafg differant 5@5&11 orientations on a

comrﬁcﬁzrﬁsﬁéﬁﬂgU@“ﬁeoﬁresdrﬁ\{lix\)@ﬁxo\’l\/ifﬁrmer Fel e El@ﬂmge bR ly ofPered by PMOSFETs
fonmlda%ve smof 1d| ff er ent f: ‘é or| ent at'i ons

t pilicon la 1_:f6 avipg @ (1] il%ﬁspbf'é@tatlﬁewﬁlbwa”@ﬁ Eﬁ‘i’asmc junction
capadijgfice @dcfmfl@ tedydogyby the inplantati on of oxygen ion
{19 | ntnoonﬁ:r §qum§e &k E‘M%H%&xane@ é & frgnll %bnc%gn Ide%lye%to:rz ﬂ’lt %Flg) Qane all of the

PMO@}L rnat e embodi ment sem cond
Igeé?-ge ‘Pr{ﬂ“ﬁ‘éﬂ tl@_ﬁt]hoit@cqml flowrn qhgg} g1 F dggefifne dregphventional circuit

layouty rIvngar 207 dlemnddad drofaricand Hhiat SaNEaE u@stﬁgataagnesQEJﬂr L&D
[20] DEMP Eltmn% e%t!!:dlx#&w%wg ?\%sln\l nrr-lvenlglon t}B nél{/tg)ge stacked hybrid orientation

I i nventi on enab 1 on
ayersrﬂr@fﬁieg ﬁé@a&tys(g ﬁi“&‘lﬁ'd%éthé‘fmgdéw plargs W“’{I‘hd supetantizlly dydogohal teseach other

formed fon SCbminec HHIOdrogyre. al’fdusl\mﬁﬁﬂ-tiﬁ of OMOBEETORaShe ﬁa&QQeJ @Mﬁéa@es that are
ns on

substa nOgon @ Stl'g Cr selec eOQt
ooy Dol G Kot er DL o b FonBp el anaetiges n i e

substra
PMOYiEShep ﬁh‘bl“éher’r*wbmobfély(btﬁf/élrl%dnbgnml\/DSFETs f ormed over

[21] SiThe GD@ntloAYENE Be h&%hlﬂg i céxﬂ-v.xlxg)oﬁ ﬂtilQRe %F:Ma%@ tt' the semiconductor devices
uncti on

¥ i.en Wlt duced parasitic |
nilustr:g%i g(r:&%c?aanc gang faw%ngs Oﬁowr ihgd?.'ﬁ(&nﬂw oanz fg}he |ch§fid:ér|euuon is not
limiteq 1g aimgqrqnmog ef thappeciligldbviggeiifiontadin de dgaings. f r om fabricating

[22] devi inaﬁﬁl @&rrﬂ:h@a éelrﬂcg)ldu%lacﬁexce &l lS()(PgubEtH% uan EWIE” technique will be

so that hol es

desanlgaﬁ a3 wf}[%) ftegpaui%gchaliq‘;eé 8{ qoxaHng Splllst%tathr%i;yplp B 0¥ qap by used according to
alternapeepreditgeniyOB HE Pregrat ieveatiC tAn optesseaioe 1 R lidrinetyQebvEikhg tahdhocrystatline
sdwon@ﬁ:ﬂﬁ‘at@@t £&h a@glﬂcoﬂtwafcl' gﬁgq sﬁJl\QJ u??[Gt p 1?1% |s;lﬁcron gvaftere ﬁ ctannses silicon having

to certain errbo I ments o

a crystAf on(ér}jﬂuozb%d achya e Rlgng b1| cartaig %‘?R‘@@e"ﬁ% phe@re@qn} @mmm b silicon wafer 12
has a qlg@rerﬁlaprr@wtde ar@ (ploypladel tay iBillatkp lalydz @ :sk@ﬂﬁ@d &fehﬁé/ dilkBn wafer 12. In
certam(cnlag&{)mcms %Ptﬁ§pr@§ehtqmr§gn %Hebﬁsggﬁgll?aylexj M lsoarstéfﬁg lIaytaro T?lea gpcon oxide

ornmed on a conmon

layer I%Fﬂﬁ&foﬁ?‘i‘? by FonpptimpETEhady such s theshyl P{f}é@lﬂetdof\metsthlccgrataés 12, according to
certain pllidinane of20: (Bdibs tnadilhbraMbyhol%ﬁmg lQan%JdroE& 1&@@@3@&1@%‘1{% B¥he silicon
wafer Qrtgpaeﬁreéﬁﬁﬁ%go ;Qh Qg e Co%g-s’ﬁgaﬁlp]ﬂua\;wdﬁg?nh@ns create

orlentation
mlcroczmtﬁh :mkflqbqerisy)r (nlagygf)upﬂps g_totjhe tiptasted ivofer. [V} thehdensity and size of the

microcdvite fttiicd the Wiy dd@ineteisid DQEaih iGN, W&a\;nﬂpﬁra\éfu;ep ogcnreand r?ropagatc
ustr at ed

f th t
thoughfa E er&%& CngPFp grocess el‘h 1 ol ul!pmape dfqeliligs'_tg%\%)\}g%{é c():ft%}S? wafer L2, %s)@é;ﬁﬁfeép?)ow
(23] o/hll‘waéec‘ﬁ%e?-? GP@PWE@ gj Sﬁ\?@'ﬂi"ﬁ’@‘ﬂtc i18 snabitas a silicon wafer 18, is provided to be

bonded to the upper section 17. The lower section silicon wafer 18 has a crystal orientation that is different from

3-
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40

limted to the formation of the specific devices

illustrated in the drawings. 25 [22] A nethod of
WG SO 5%% semi conduct or device on a SO substBGHES2005/043398

the qpatafRyieafaush gl the vop i eHipingatr W I cepen erphodiowenthethe present invention, the
lowdrigsagnnailiconalafeeT8Nad 4 MGOio@_ﬁﬁfﬂrﬂMﬁﬁn of form ng SO

[24] S t r&%ﬁo%%? FIGoH gllg n@a%& s§ct ?(7 arrll(d: ﬂng lower su St:%? %€ C%l?t{ngc%q rt]ogeﬂﬁl other through the

rnate enbd presen
msulatﬁgéary ergwéaps Grand the qug’acp !?Wfédoﬂj@c Ipyepwecdtindd. B certain embodiments, the bonding

surfab@®N e %S&ahdpbxﬂ;&norﬂﬂ € EPAE] lo&b’r@%&txﬁ@ﬁﬁaré— hsh%&l eh 1?15 su%aée r§u@hhess, e. £,2
con war er

A KBS, e Ry REBA"R Dt i o’ st o PSR HESGh g n an e

onpr [ ses Sl
atmoa#lgrg ledl terpriezgives. in thy rapgeraf &om aer9d POrenbeit 4f00 ¢ B poeSatikutes to about $

hourdtﬂ‘ﬁ@@lhé@ﬂers@ch&ﬁ'ah&t%p%@cﬁfn112 30 has a <110> crystal
orientati Lon.a An insulating layer 14 is

ane.
i25]) fo En ceaa:rca) 7l rOd'{“ﬁ’ét“" éfl lre 1)(586% Wéel’“% n, grooxidizar, sych ps aydrep of an aqueous solution of
Hzozgnﬁb'@, a8 HEQ; ipfrotided inphedstiafite ierweanhd @per séchen 117 AsdtheXbwdd Gection 19. The

oxldljzannﬁﬁ'othd b%nﬁngsﬂnicksg Qpalfg&lng Bolaki ‘Fibwer el;l'l%elétlu bgn ﬂ*lg op)lgowdhng better stress

14 ¢ forned by conventio

Cﬂmpglgsyftoﬂ 8¥ ﬁrﬁ]'lg Bg(iiloa%ﬁs ”f)?ll‘e Bffndlph}équsdl which gl praduey 2 lg_ozdmg layer which has closely
matclgd coptfgiconty of thermdertamiion (@ tinadh sBRtas aferd A [ﬁﬁﬁ%%ﬁﬂtammant migration by
the uée'&YQ‘J}Ed&H the %dﬁ;@ ﬂéﬂni t'hﬂ \J:I p(;’o\fu%’a bo%%jgcf%ernthat Isa gmgr tPnd Efgs(bon of mobile

| anted in the silicon
“mmﬁ@ﬁi 16 to formthe upper section 17. The i npl ant ed

(26] hytrecgebinddapsr afde@bed sedoni G QD@@l‘y‘d.sctq.bﬁlﬁy alm:é?é'dcbblaﬂoﬁtle(gos’c for about 2
hoursoﬁm%nﬁéaQMEP ca%‘?es khe fnﬁ(:{c%awtnpm?hethgg?ﬁefl dOé)gd prgfaﬁ%:go% lﬁ do propagate causing

the walen j24tg, Spén agng rﬁ't?émb@‘i dsfieta | € ke wlh sititon @artion of thei upbae secaoni stibptrate 12 is
then rémaved ledveg bOGRWA adhbreh smrc@;p[a)gatge Th&sh@:tytﬂhtr@up@ﬂ@clb%n'e@ B shown in FIG,

This ultinate a ittin
4, In E%Q% eQ\F(%?n%ié of the prease:ﬁ éﬂlj’%nélgl’a tlb% ha%rrnft?g]of li $@V%‘I‘C“§ee‘%t the fjructure 27
is polighgd besinst tihgfiphfgﬂlaonslweq Berhigty bgtaragmed8, such as a

[27] SiAd ﬂi@iﬁor\élﬂ,‘f;@rsdll& ]a)le§25p:5 Q)Yth&ﬁqg lﬁe%d?@tmcgwqg for) tsarﬁco ductor device
ection silicon V\ﬁfa g

comp BB BE 8T WP PRGN e 2 TaAoPBRIBHS by Fomig e Sman Cu”
procesy\@s 290‘61,191@6@(71‘9’@1 PET $QIS200 LY 143308/ tid G OL, Yabdds the lower section 29 for the

fi @:ﬁﬂ dmh akdiQR [CSfOI tiMG&nURRESS. S 0 Lk 5 risi
o, T e P E SRELR) 0 S LSl L

mqulal]mg \}\?é" r debg% aéﬁmge 9OP PEGHANREF e £ grhﬁxggubatra{el@ggboeqia;}gq th lower section 29,
As pregiopsiyndestribanthe §eeddlinAg2 & Howal byrimpilGng %;drdghﬁmrﬂ:ﬂﬂ& the st]:con sub%trate 20.

The siB&k tsdbgﬂztejza oﬁmguﬂpg%eéngﬁl\ﬁrco& r?sy jﬂﬂm‘?évm qaomrg": c%étal or;ilan zttxﬁxéas silicon

[ 1§ throu h the _insulat ayer Strface
ayer 12, %"ef&f il‘ék}‘@Fr sgcilorb?rl iy l’f@‘“f’r@m thg@m:rsmb,oxz@ suchy thetaletsdicon plane of the

silicongwipode A€ M Sienth@bleandly n}ghogEnaS W haci8son bihne 3 sion tlf]’}@r 19 In certain
cmbod“:ﬂeﬁ@ Bf tﬁ@&&q&& véanonan'zg SlL&g la gervﬁ of tg' g\%er%\ect ?ZP? 29%&%1&? sr-lﬁzgn suEstrate 20 of

to | ow sur ace roughnes
the uppepyiongd oo GRS BpToY S gien hs*e@t‘ﬂé@? drystah prenpli@s S chriain other

embodtn&gtebmmpr@ﬁﬂm{?da&dnﬁﬂ:cbﬂhaﬂiﬁlg btnﬁ Er@stal 3RS Sn®e Bled 2

t t n. the r angs m about 900 C to about
261 SR {iEn b unh ] ROAE 10 o RS on RO e iopes PG is st anc

fcmoqu 1elong ‘bW@r"f dedests |22> 1#s rgvicalel destrbedigpidting Setlisourtuder27 ch@Bising Msubstrate
18 haviagt Bl dtysenfRathave N st Glsulhie la@&qs %ﬂt‘}fyi'né] ¥E QAR 18 aanﬂr%t snhcoa layer 19

h
o b R B OB BT B iy 4 oo,
second ticqe leyer rheonpjsee sdiewt haging U sesvdd biyaall dlemitios @6d b9dtal Jhae that is
::.ubstan-tﬁi@ ortﬁé’éoﬁlil Zcﬁ fhe CHJQEI%{E@!@ 0? lﬂﬁ pr Qﬁ:'ccghgla&rr qgea%Ssh %l I~1[8V\§ ”Qn certain
bodibEle gh g tengs re bondi ng, provi

ermbe "“t"“ 8’ Sﬁ%é’l’f%’%&‘f”? At B§} Bt dopane 525|3FF @W@d © a thickness of
atm‘“%@n@mﬁgﬂllqoquld which will produce a bonding | ayer

which has closely matched goefficients of thernal

expansion to that of a substrate wafers, and limting

contam nant mgration by the use of dopants in the

bonding liquid that will provide a bonding | ayer that

is a barrier to diffusion of nobile 15 contam nants.

[26] The conbi ned upper and | ower sections 17, 23 is

subsequent |y anneal ed at about 1100 C for about 2
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hours. This annealing step causes the mcrocavities in

t he ydrogen doped upper section 17 to propagate
WQUNYP4E% the wafer 12 to split along the |in@CafUS2005/043398
{29] defﬁéelﬂtgtrale@ in Fifge7, beilidon okifld laxen260io fobmed Bvad fhe Eéaﬁtdldm&ﬁrlayer 25. The silicon
ox1d5ﬁ9‘dr |2@ Panbe didd, @ucilrgs byScherhiBf
; 3{§ e ?’F’l i e }/yzcr 19 OQFBFJEP%QQ%@%X t r UC? rpafz-e70f the silicon
ayer carb lF'; a ¥ Oéglz cﬂ(ﬁ?\/ﬁ 1508 ﬂlﬂil%ﬁlr?és % subsequendy dappaited over the silicon oxide

laycre’Zﬁ-b dd¢ trskrtess o thetstieonpige Gmér 26N\ eddain @Mbodadeh® bf l‘hb@resem invention, ranges
fromfa&fuf@ﬁ{h Qﬂ:b&ﬁ 100G, Bersih E%tiweﬁs gf the é)‘f-elge% i?n‘.:rcgltyo%}l ¢ sxhcgn7 oxide layer 26 is

bou %Hﬁ%i E ﬁﬁ because the split sil

& fhic, eﬁ:l&:ptb&lgﬁﬁ gy 28[11@71 thmqlegdyﬁplz(optoﬁqa*n §@pout 300 nm. In certain
emboglinjepis offthd el inZdntionSthé @rckiReh o0 e killRn Slde Bl E@:E wo@e 180/ nch O
[30] f OUHE g§§‘(m3§ 91@% JqQJntlQ%}lrhe%gil the gBP srtrlch’Iull;]rQ 97 8%Hlusbrgte<? in FIG. 8. In certain

st acke orientation
embogl&?ﬁthﬁ{ thy Wéﬁntbve?t@ﬁém PPERngs H@’ 3€rﬁmfpm@dlbf)gqugn@@leﬁstplummpmc and

ctehipprietnius {o}ex;dﬁésahrupﬁledufa%b@ oG suBlifatd G8 bHdGn g}?per ﬁx%acg @@Mﬁw first silicon
[aycr't@ Ehxg‘cnténal l?o?o?[};g%f dnth%c and etV\ﬁa %.gﬂlfef 8‘8‘H£°’| 8%}2 azrssmt Rger over the SOI

formation o
structyt giuingelngrpdspatgming fhe WB@FY"-’S ewt danpeiroBit etclorgifitie iSOy stabture 27 to remove

portldnﬂsfldleabi!lcﬂgudn&ylefer 2% sili&u @Jﬁd@[ﬁyeazfﬁ bekdn@ Qlﬂcog)féﬁ/g%ls | QY BE sk insulating
ower

layer %Dg(lpgsm% t él%}?&r;'] ﬁgccsm ?télﬁ g fsglsﬂ&;g%g}(eir 89 OE(Chf'ﬁ & Qunagto pemgye portions of
the firptzilicen lpysy Peead @yt qxsn%pqumr!ﬁyprrig ekppelnanrampdr enfacei3nbxhd shﬁstrate 12 in opening
30. Thé bHoﬁ‘o@e@nstSUQSJeﬁt@ﬁt@ s%@ped i H@w@e‘ thd S‘{ﬁ@m&h&l%%t? ﬂhﬁwr?q F?(E 8. I&%nvennonal

ani ises . silicon havin
R A s S R AN S —
alterngjelyy by cagried ptdne Bfiesi of pla@si didhing eteps @sing diferdnOMi@tin §l@§ﬁ{ak B optimally etch
the vgx%us Si'tfﬁ:hm@ 1 &rs t ﬁ&au%é lvlv& %erﬁﬂg@% 95 hcﬁffe%e(?xt S& opths arf: ff)rmed separate

iltfﬁ { W@ IS oriented su stantla g
photofifiographic ard 5ighing SsRecagpe Wt fodes epchymsning 80, 33 PATSEREk yth openings can be
formedsibolhavesit wing Braditneplprotigegriphic ReRfuéson, t he SI licon

[31] | afy ?ercorxqi%:hQJn n‘;tn(‘fe lLﬁé’\ﬁf is %J%Qctqhegﬂ %?osft‘é&d irerqhe ! Iru(r:gijglfe 2geas Hlustrated in

. bstrate per sec
I1G. 9 %E?'ﬁ/@?bﬁfi‘l‘]ﬁﬁ“‘e‘)f é}‘e P{caeaﬁnwatmnﬁge s&tfg_rowrlée(lwit His deposited 10 a thickness of

from abeiit @M tuatid out 1DNn6 By & amﬂoermdaeaeposeﬂab @@lh:lagﬁems&h of chbl ©The silicon nitride
layer 3; %%§t%&}uer{t12¥x§&trgp9£by e%heé tg? egﬁ/ Il{i,:%g séie&v&éwageéé% mdlhe :imngb 30,32, as

orientati
shown i BIG. dgveln cgin ?"&qdkf[‘glt%‘?féllesﬂﬁ@%qum yhe ydfadigebd spab@s 38 can comprise

other ibipREg Bkl 120 edamps Rblkbligddtihxidd %aie%"ﬁ@‘éﬁ%e%rﬂl%yaanilsdu@ﬁcaﬂy etching
I n

depo@feq as previously described resulting
» g E%ﬁgg?ﬁégk ? conprising a substrate 18 having a

2] 1 Splegivespjadahiilicon fagynt 4 Fome erawh dir e silicns ubanie I’lgaddalyéﬁ‘rrst ificon layer
19, so M¥aKel e)éltaﬁlgl sﬁfh:@n ﬁ%b@hr@teﬁteédaweﬁhef ths%F thSfel plc&&)@o enﬂngg Ro, %9 2 shown in

a second crystal orien
FIG. t Folgng ae‘pifzéyfigqihcc'n 1 F%R%q‘? avg Ie sg cryﬁgl@rtgﬁ%arwsplgyéqspegtglye ux@ﬂqﬂylng base
silicon Jpyerg &% dh dT hey$, ICHH@.Uﬁ siligyndaye 249 hootpsaing cingal Stidniatnis A Vilidvg substrate 18

and cpﬁahi@l SARGORA; QrMﬁE@JamQErh E:"?etn!a% IO REARTA ACT) rpll ane that
bst antlall% orthogonal to the cryst talr plane of

[
B3}t frllery P St FripHe Wre 2109“** ST ol EE<heica) polihing (CMP)
techniqees ateaispyl 14 Qolsirihe dpinnginlt sgicaf lagehatopsas ent thby e b ARally th@anar with an

upper sfxr‘faE@ch 04 se%ﬁﬁqngon%hllldqu@r 2|Saa¥ S gn%‘[ ég ar € f or nmed to a
t kness of about nmto about ﬁ

B4 Sl trerge ‘iﬂtfmseweé? 08930 3P oY st 4 xlemt iﬁaﬁre doringd in the SO
structurf- R Gand7isol@edsirdm oM ol g |cayrafuox£6qHal$o»\f Qefnmegolﬁl\éﬁ r(S'l’flj"t@chmques As
shown ﬁ@‘f@ r1§| u%héh%: 4Qrz-1re d‘gr}{igj m%é: SOT truclsﬂlﬁal 2'7 %%gfmg\}gepsa%aca g%%éﬁlet frﬁ hnsuiatmg

deposite

layer '% C\/ES) tr 3“6'}‘33 fhare foped B¥ F%‘é@“@ﬁl plewligegripbionnd ¢teiyrartccBBquea rincluding
depositipgea pioerassrloh yhe SOL slhuzi@d 27 Acl&dtivdl £ &Posthk bikd @ rdidel (0 ;%gtmleﬁst anisotropic

subsequent |y deposited over the silicon oxide |ayer

26. The thickness of the siTicon oxide | ayer 26, in

certain enbodi nents of the present invention, ranges 5

fromabout 5 nmto about 100 nm In certain

enbodi ments of the present invention, the silicon

oxi de layer 26 is about 20 nmthick. The silicon

nitride |ayer 28 has a thickness of about 50 nun to
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[30] Openings 30, 32 are subsequently formed in the
SO structure 27, as illustrated in FIG 8. In certain
WQH6EfT RNt s of the present invention, the opdtfiHERUGEH43398
etching2and Feexo@awﬁmerbaynu%@ﬂ&&a’edidt @M@ tpiadsak,iat MeghRM MG aBdThe trenches 44
are p(ijéll?]icéneeé %rB rg'naetme J;lf dgw gss 38t s?uch égelrgic' tgtil ! OEHJDB §%h Yc’s#;gl{fqin%eedftlf?erng{lcge sidewalls
38 arerprhgvedlony @ywﬂf&fgﬂ Convent i onal phot oI i t hographi ¢ and
[35] et ’ﬂt&' ti’éﬂ:h&selq RRi sﬁl&éﬁﬁedtl?@x’e lﬂiﬂ&i \frlﬂirarﬁhlfhlie shiRmE %Iatehﬂyf@ ks K\aQbnventional

CVD Prggcss eis slllogf?)tér{ H& ﬁr %51 gig 8? m% mge aﬂqifi maltu%ﬁe srﬂ?:ﬁrglg% and silicon oxide. In

tent i
certaig tmhgditmgpteo T HE pregent inyypiiog, trepqhmalogw a@fﬁll{emeltlsqllicpm;@qxﬂe 48 to isolate the first
rcgm:nﬁZt %Q&orlda')!é?&] %48and Siel thxm@ga&xﬂéd Sohd¥@he Rven@RBAMhods of filling trench
on I aﬁgr % and the second insulating layer 24
‘eg“"b“)?b’ﬁ FHEPORE '8 ‘ﬁ’ér surface 36 of the first silicon
| ayer  l@achylotionifpate owqonturarbadea wprrdppvidon{GEOS DIE/IDf

15(b} he rfoln ﬁ%aceséehéitglg &Eb@%%e g-t%o@né#\c ol' E@Iatnﬁo@ﬁxunlx@ﬁrlﬁ:sg\ge chemical vapor
osi ng the upper surface 34 of

deposé‘ﬂ‘b‘s‘“tppgpé" ‘ECYI?? PPeni ng 30. The phot or esi st i's
subseqmlmteloy:dzsibﬁh pp@dsity plaprac@ritde t he SO structure 27
[36] rﬁnpq lllan [EJ @e:gﬁes U«W?thc&lngwllde o dtﬁé?&lgloﬂicg He&hdnagshown) are

ues i nclu g asma et ching reactive 1on
Conveé‘toeﬂlyrﬁég)w"AHP%@? Felfsitd obte H‘?“ﬁ'ﬁs &‘*aﬂmh &) yerppaipg g stgsture 27 to an oxygen
ambieGt2 § tcaderaute of AppraxivfEly eW°Ofo apduaBINBRCe treddrgurs LB SubkGbdady planarized

by Cl\gl‘L o rgmoe'@tt ?tcon oxFil §§ ex (?c’ndltng \tfer %Q'irenm |4¥ ﬁh&%aa&rﬂ% the séhcon nitride

layer %ﬁfan@j$1Ipop@p)@qqtlaygé'g@qqgubaqqéenflbgem@d as@@aar i{irEs. 4p exposmg an upper surface 50

of me@&Gﬂi(ﬂJﬂlc&h@ﬂzF @SphThG sifdvd nRtdMyBQs %ﬁcﬁ*ﬁl&oﬁ&l’ﬂeb@eﬂﬁeﬁe ttj;ﬁcaliy removed by
ni.n

wet etcﬁrﬁg ba o ;%hoslp %’18 amg is ?onentaonal@: usedr trc} c&cﬁ s)ﬁbon tng? rpdehydroguoric acid or a
mlxturpI@éhxﬁkqﬂmenfhpm@weﬂmmequ@&red [ogqq etw §em§n@| regiobq wigpn oxide. In the
resultid $tfubddl@ 2% aNairst 3Bcoh %y&ﬂb%ﬁﬂélﬁzEEnh Yegg@ BOSIidbRAd Q‘Uﬁ rthets&@nd silicon layer

25 in g%‘l ifcﬁxo%%%xg ﬁsgﬂt‘sgco&lay{ar 4§ "b‘?fégrétﬁfg“inr?\% eﬁe tg ﬁd sxltcﬁrélayer 40 in the first

regionsR isl abso volatied frandige decopedsili@8 layg 2Hpgodiitedionds.a t hi ckness

371 Ofas iftds@MRaPAHL 1619N101@s#@r fshptalme& Qﬂmmtbagma 58, qrﬁwstx:le@ stﬂL formed in
deposi tion tec licon nit

e sl P g G L8 o (Y TEGUFOBREar §f OF SRbapite 27 e
PMOSFET 62 Sehdd-aathe gmad siBdod @ l2b irsipabieregi@S6iispriciel solpeniiatig srthogonal to
the PN?&FE%%@ fofted aﬁneofwg m'hgbn ’l:alygf:‘42 -Il-'lct)ne sk&n&r@én&ﬂtin embodi ment s

resent 1nvention, the sel %?ned spacers 38
(381 cé?f’"f‘c@i’f%r'ia%"é 64 G gt ‘*H%‘[?Id%u'aiyﬁg“nﬁf é‘?‘i“ §"efF36’rS"é‘S’(‘&‘Frp?l7e In certain
embod@dnts-@liieGii@eht @xtrtien, SpaEerctcdle R doeoh@seRblyifcon and is formed to a
thmkm@s[‘i)tsagéul %5' Cg!) lal% ggf h‘%nﬁtc g? gngQ Et5§ % %11Ja93y§}:rnegftot 1ckness of about 10

| CONn_ OXI Ive epltaxi | cCon
o ggut WP Ar & hgrgamxréfh oy rebisinl iealoraols (et & 8 Paied M conventionsl

phototfamo'@ﬁbm@anhbm& tJ:c&M@I‘es 30 19, so that the epitaxi aI
I con

[39] Soabrce z%nd dra}{l extsensxoné 70 %bF X3 2%9 cc?n\\/fenHonanon un;ﬁaﬁa%n ticfmqu.tzlg.] The type of

Ive open
dovan@mplaasd iafo thei Sbtrrmd Idray@rtsnsm@s T04zpandpea whitberglprdsvier iy g tNYOSFET or a

PMO@ET efdr @-Iah:@@ iBfe kRQHdr i zﬂsrﬂ@@[tETVﬁ-tﬁb@ d&)ﬁrln)@ iR larbélﬁ@to the source and drain

a
extens 4’68 ’{Qag aér}/ eg}gﬁcgm%\;s)?i?\g Pre%Pt I%Vﬁl%t BN tl\ﬁlt e%lgpalnh %ucg ?SI afsgra% ts implanted into
the sogeshind frai extdnGonsgA et a0 pritlaeiied doss df lal@@!rﬂ A Hy'donsid@’ taabout helo” ions/cm’

and arﬁﬁﬂﬁntﬁf‘oy%ﬁe?gly oPhdoNtIRVI® 51)0@!35 lgehe 1f the §Jns;§br it §PROSAYEp. type dopant is
E ter the sel ect | ta il]con b.
*mpfa%earw M| SB‘H%I and Heaj; PSRy & a | °<‘3 Ain ﬁ‘i’) ‘?tﬁ@‘l Wﬁ%m ‘3‘*:";’““0“ “type

dopant @xcihsibgue Siflagrige (BFQdis traplqpeh ingdrhe herc@pum exdnsibnsP lai apamplantation dose
| ayers 40, 42 so that they are substantially copl anar
with an upper surface 43 of the second silicon
nitride layer 28, as shown i% FIG 12. [34] Three
i solated regions, first region 52, second region 54,
and third region 56, are forned in the SO structure
27 and isolated from each ot her using conventi onal
shallow trench isolation (STI) techniques. As shown
in FIG 13, trenches 44 are fornmed in the SO
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- 5 V\D 2006/ 062796 PCT/ US2005/ 043398 etching, and
of the remaining photoresist to formtrenches
WO424?"("‘5§79|(I lustrated in FIG 13. The trenches RET/USRQI5/043398
ot abROBk 10' DR mA AT 2tx'* Bink/ErhidRd S GlpWwakdcs eRBsy o Wl ¢ DRY 1o about S
ey @S the anisotropic etch is perfornmed the nitride
sidewalls 38 are renoved fromthe structure 27. [35]
[40] THialyipplaghesrepptionglly fenpisd ghrehinng) regioes i 4dfaget i fotecarnd drain regions
68 of fhbl Mb@bm 58 rmtdzatrhmlonaplw ﬁ| aréfamﬁs wida &p&m\éeceﬁdusm%l ype opposnte

e BB Bt o, 1 5B T il eelLel
embocbuanggpf thp presegignvestion. @hddeddi imelamts 720 cerpén fprrbe@lems of the present invention,
can bd :m)!@rﬂ&i' 2PNdosd 5@9&1‘98 &qu Qﬂs?‘cnf*% Ab& 21 bk edyizt.hy S anlgrﬁ’anion energy of

from q%%ﬁq%ﬁéS bglﬁr?g ?ctaﬁt ?!fiﬁlufl;aantts 7 pée-ﬁerlsg:ergg ‘edé"‘lﬂr‘%wz‘? grgig regions in the

channg ogige . i lo wa:lmonellehtmsloldfvolfagd #fitlrgMOIFENCT IS, 60, 67 tan e ddified i adjusting

the halldbse CON oxi de include: (a) tetraethylorthosilicat e | ow
pressure chem cal or dep03|t| on (TECS LPCVD)

(411 (e bravb Sonef aertons &% et spwoegrZgigs Houperenly feﬂmd As shown

in FIGS UDsidetvatb $pRerTs are firdsduiraundingtit g:ad clocagies 66 bilepositibdatiethods, such as

the dc%ﬁ?&\/@ aq)zryer%g\slgérg%g‘lg%/aq cs): %1%% ﬁ*%ﬁ nl%sje %@Llfcgffmde fo{ (hwed by anisotropic

ensi t
etching P%WE‘HE%* AR e iwaalrb%m@m&rss Ofhigiit ngsoiefef e transisor is a

NMOSFED @fhﬁ‘llc(lﬁ] afiplmke W) thahevilCapseagiodnalkd 3 gpamiioaiangr H6b@ 1 x 10"

ions/cr}é\?t a§ou xol£lSt n%’c}nf Caﬂeir% latﬂz&tgr% lé'r?f?ﬁy%? al?o\é %(JQ:Q/S&) agou E@Fev If the

. a tenpera
transisigf is aBMP@B@TrrBﬁr@! iymry@ lms thgiherrily M@o@wnﬁﬁ et agimplantatimalo pf about 1

x 10" fofis/ci RSBE S R 11 &' YioRV P aldiag @b IdaM i EaMRerdyQf KIRHMEBVY kdWBout 10 keV, in certain
ext endi ng over the trenches 44. After

embOd"’femSOHpezmse"gmf'eﬁ %ilicon nitride layer 28 and silicon
[42] oﬁF‘@t&ﬂf’ Il’Wéi:ETZ!&r farmanas whisisgueratit dnlanged irp (abikatirg P MOBERFS dnmilicon with a

<110> Ell'yghl ofi@uati&X ﬂl@Sili&Q I@@r RB&IngSY f(fﬁ%taﬁglcm&fon tik&n %%&quwth a P-type

con |la Ilicon nitride r 28 and
dopan 3 1 S8 3R HEPEPER i oY BIES TP P T BY origton scon s
doped wittcfriyngdop#dotn tiphosphot drein eegiod 68 & foormieviO$RiAal | y used to
[43] etz\QﬁEza‘ﬁ labér %Osﬂbs@dukﬁtiydi%o@&q oY A Qb LQELE 29%@ sgﬁ sfucfd 27 is heated to

fa% %%/ [uoric and amoni um fl uori
st R g g e e A" P hedgry POAPRAERE i ethelEkidarss © form
metal s{linid¢ ¢vatacty 88Snthe¢ somge sl ktattrepiods @87and bitybe datclettro8ds|6h,aOMown in FIG. 18.

[(44] l HYeEttaird %bbam&&eof%i%cp%n&lﬁ fn@egh&n%% sltrt?‘cnléec'@ll .?I’o‘?xged%nﬂﬁ gagﬁatmg BOX

second sili1con |ayer
layer 84 #; tpythg fhirgl gibisen Jaxsrap ingbe it ek 86 firy piligon gwﬁf% gthe syqeed region 88, and
the secdnld isiticbn $dytri 26 @nhd taydregid00i afe chddSOfl bili®h laydr€ g idRwDeA ih BIGA]9S Qhe BOX
J § e Lcon layer 25 in the third
layer Sll[» T}qltrg;%c? %6I § pr ceBs le? Ehg tS?(\g{) &r(.me% ':_3¥y en :f%s éZ Nwﬁmo the SOI
structuns @1 dn pegipifsEbeds qﬂﬁ@ffﬂier@%sem EYFRiAn BRYECR t%ﬁﬂnmteﬂsmv the SOI
structurf:@f oed chefby i e tRG FECANEoK @(le@’no QWbut B0 Ue R MOSESEe in 61 range from

about 1 f_}c lfOBrons gngll\)?ﬁ%gh Ot hi()r“dlonrsﬁ' ngi d tefs IFG,)ln lcr)n gxgtathoas% %@ ng%tulre;g;} éﬁ,annealed

o1 B, s Gon @gwd 3508 oo OB kb st aient b iy As lustated
in FIG. Q0 tAh%ﬂﬂ&if MasrERNR, PMSFELb8QchQrsRek lathetrh;@re%br( &t second region 88,

Q t he second region 54 te

and hi g "‘F'& 9({153})53%6‘0%"1" ‘geﬁcé" Wate el ectrode | ayer 66 are formed
[45]  olpan altciyete sinpadimtentrod R PresdnhingatidnathnBOX Myo @it dem s eofndulder the third

region B €ACRLd J)Jl:?éexﬁgsk Qfh bd REnQANE Bl %BJd%?orJ &Y fin GanﬁerétloHaeE Sdgpos:t:on

ses silicon and is
p“°‘°"‘§?g[’2§%%af f‘i*‘@tﬁ‘g yes Bd’ﬂ"c‘“é‘ﬁ?)”‘l’i‘?ﬂeg“?*h%’ f&a’tf@masada%ﬂgﬂwéﬂen ion 82
implant@2th¢ Fstragjpn 8@drd yheh@pmigekiand8t hi ckness of about 10 Ato

about 100 A. The gate oxide |ayer 64 and gate

el ectrode | ayer 66 are patterned by conventiona

phot ol i t hogr aphi ¢ and et chifig t echni ques.
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[39] Source and drain extensions 70 are forned by

Wconventlonal ion inplantation techni ques. The type of
GEPAR2 " pl anted into the source and drain eXRCIAE2F443398

{46] 70 Tokepend Sendyof ik @tdwar intditondeatide Qnﬁr&veﬁsmaa} RWicd thaBdmbine the
perfoml:ﬁ;mveﬁ)@rqts &)S%&TBLh%fio ané aa%ﬁltum {llxﬁc;nscé/?tgi olncnt%ﬁa N%golohdug[or devices

ant Is ource
ma““&’ﬁ‘t“@ﬁsﬁiﬁf@ g79. erﬂlefi"a@fSt %ﬂ the erero nventiers fofuret eregsrdel@ntnobility while

mainthinMg Aigh @dttrorhdbylipe Lckapias, sem‘iddmct&sdeﬁfé Qdabrﬁmg !o%mbodments of the present
mvenhm_real‘%fxf? Qred Q Lgat hx&pﬁol ?Lf:rllﬁ)gls %tgm‘amecﬁ iﬁ.pﬁr#i%ﬁi?@ﬁ%ﬁ’% that are oriented

0SE€
5“"5‘3&%‘&{10“@8‘9@3[1‘@%“ otesn e cxe@mompiahe afth dypkant at'i on ener gy of

(47 abmétembodlﬁﬁ%\ﬁstlﬂstﬁt@@Mtthe%s&%\éisclbﬁcure aRQOxttﬁi@@a?l'vec‘%uﬂfosels §ni§l They shiould not
I Nt O SO

e co SRS i e B, o GRE r0® oF BB S U e S o esompasss

a widgyyagggppftembejraants neyspeciPealy fllest4@d thogant , such as bor on
di fluoride (BF2), is inplanted into the source/drain
extensions 70 at an inplantation dose -6 WO
2006/ 062796 PCT/ US200S/ 043398 of about | x 10
ions/cm to about 2 x TQts ions/cn2 and an
i npl antation energy of about 0.5 keV to about 5 keV.
[40] Halo inplants 72 are optionally forned in the
channel regions 74, adjacent the source and drain
regions 68 of the MOSFETs 58, 60, 62. The halo
inplants 72 are formed with a dopant of a conductivity
type opposite 5 that of the source and drain regions
68. The halo inplants 72 can be forned by an angl ed
implant in certain enbodi nents of the present
invention. The halo inplants 72, in certain
enbodi nents of the present invention, can be
i npl anted at a dose of about 8 x 1012 ions/cnZ to
about 2 x 1014 ions/cn2 and an inplantation energy of
fromabout 7 keV to about 50 keV. Halo inplants 72
prevent nerger of the source and drain regions in the
channel region 74. In addition, the threshold voltage
of the MOSFETs 58, 60, 62 can be nodified by adjusting
10 the hal o dose. [41] The heavily doped portions 78
of the source and drain regions 68 are subsequently
formed. As shown in FIG 17, sidewall spacers 76 are
formed surroundi ng the gate el ectrodes 66 by
conventional nethods, such as the deposition of a
| ayer of insulating material, such as silicon nitride
or silicon oxide, followed by anisotropic etching to
formthe sidewall spacers 76. In certain enbodi nents
of the present invention, if the transistor is a 15
NMOSFET arsenic is inplanted into the heavily doped
regions 78 at an inplantation dose of about | x 1015
ions/cn2 to about 4 x 1015 ions/cnZ and an
i npl antati on energy of about 20 key to about 50 keV.
If the transistor is a PMOSFET, boron is inplanted
into the heavily doped region 78 at an inplantation
dose of about I x 1015 ions/cn2 to about 4 x 1015
ions/cn2 and an inplantation energy of about 2 keV to
about 10 keV, in certain enbodinents of the present
i nvention. 20 [42] Because PMOSFET performance can be
greatly enhanced by fabricating PMOSFETs on silicon
with a <110> crystal orientation, the silicon |ayer
conprising <1 10> crystal orientation silicon is doped
wth a P-type dopant in the source and drain regions
68. The silicon | ayer conprising <100> crystal
orientation silicon is doffed with N-type dopant in
the source and drain regions 68 to forma NMOSFET
[43] A netal l|layer is subsequently deposited over the
SO structure 27. The SO structure 27 is heated to
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25 react the netal layer with underlying silicon in
the source and drain regions 68 and gate el ectrodes 66
to form netal silicide contacts 80 in the source and
drain regions 68 and on the gate el ectrodes 66, as
shown in FIG 18. [44] In certain enbodi nents of the
present invention, a SO structure 91 is fornmed wth

insul ating BOX |ayer 84 so that the third silicon
£§2%9Q340 inthe first region 86, first silicon |ayer

42 in the second region 88, and the second silicon
layer 25 in the third region 90 are each SO silicon
1} ay ers serpisonductps deviceeprprisngs,. 19. The BOX 30 | ayer 84

is faqr . he . SI MOX process,
oxyggﬁﬂﬁgﬁgyg%)g%ggg%g#gﬁﬁégﬂphggﬁ?ﬂ% SO structure

91. hrfirsEinsiflatihgelaye @1 yeotdyiak stideubsiese1®) nventi on,
oxygen |gﬁs %z,are implanted into the SO, structure
91" af Phwableri$ilicon lases qugrymespid fishingwisting fayexdy): wherein a

RGO i 058, WS 0P R s o
cABtak pldnen andrpl snomd sitioon {dyer §13) aotiprisesisHicdA hiasing the second
ofy58berpatifh ARl fABORATE LS SHUSBAAEBLONBodRTE & Dasorystal
plahé S HRARAE siRoh Nayel @2)2the Uppt Mdﬁ& Yof Ghe %E@Eﬁnqgéer (42)

94, 96 are §gbsequently formed in the first region
ansb Hen second i sdlivogglayerai@d) bringdsubsign@allyoooplasarpsaidifinss (42) and

' : . fernnate . I ment t he
sSSE L10 Seon o i Bt B P EIRHE s f end
under the third region 90. A hard oxide mask can be
for over the second regi gn 90 usi ng conventi onal .
2depodhe iSB’iﬁ‘}conB!‘Fé?foﬁ?"[‘%ﬁq"Hﬁﬁi% to &}mme?:cmh@r comprising a third

sili&GIMBLAUEH) odddl < bR (i '_'rd regi on 90 from damage
q‘o‘lurin‘g the’gxygg%gpo%hg% 4OQ%nplant in the first

region 86 and the second region 88. -7 WO 2006/ 062796

PCT/ LS2005/ 043398 [ 4 Th nbodi ments of the present ..
34 v eﬁ? ggm‘}ﬁp Sé'ilcg%r {ief,yg%eo%cggnﬁ%?% &ﬂ%‘a‘c?n}‘ﬁl&f&m Ezgg t?:ﬁgt:*.lhcon
lagnHONB separated €rono st s (42)RI0A \seeoRidt(25 0dili&d layers by insulating
technol ogy and optimum silicon crystal orientation.
regioRs €hduct or devi ces manufactured according to
enbodi nents of the present invention feature increased
hole nobility while maintaining high electron
4.nobi The yemicondwbtint davice apeording ttuctaom Hewbaremn adMOSHERY60),

(ogh (PR FulR 5T et oriie RFRRY sedtd ST nd il Gousiteen avers.
a plurality of PMOSFETs that are oriented
substantjally orthogonal to each _other on a conmon

3. pl anfé mathedef 9epinga sepicondystar dewiRecRORIMSING: | | ust r at ed
t

?
in ' . di | 2 (g . ME.:1
our (AR & Wichh ARy Sbonie®] conldrdi BitRlicon sybstrate
(18hieavih@mi fixst chgstal orichation withomnBrso insolating &ayer $kd) fbrmed thereon
t,he art,.the ins t disclosure enconpasses i de
ang) 3y S SliSn Gt i YR A S Y T A HoR Aot o prgatal plane
oveAYRk Raid kst hduladd) lager 189 -$ CLAIMS

providing a second silicon substrate (20) having the second crystal orientation

and a crystal plane and a second insulating layer (24) formed on said second substrate,

9
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1. A semniconductor device conprising: a substrate (18)
having a first crystal orientation; 5 a first
insulating |ayer (14) overlying said substrate (18); a
plurality of silicon |ayers overlying said first

insul ating layer (14), wherein a first silicon |ayer
(42) conprises silicon having a second crystal

orientation and a crystal plane, a ond %I [ c?la
wheggjie paid zgaonéé&wpn%hsﬁém (2% ﬁﬂlﬁavﬁﬁﬁg'i Shii(22) create

1mg[%§1§§lh{cﬂé¢qﬁ%ﬁ§ sa%&c%& E1Yi§5ff‘1su5§{r§t@?2@ at is

y orthogonal to the crystal 10 plane of
t he bbhdiag sald kécond sifam sut(shﬁ)e, (20p® sapbmhctﬂuommsebtcu‘fstructure

; leb‘l;all r%&ﬁc‘&,{g{sﬁ%ﬁgﬁ gzui §a1@235 tgﬁ egygg l Cﬁri‘nat the
nfoséﬁgla%& Of 1REGRBAA Q&é&n §ﬁ$§n‘&%”(2|0ﬂseéﬁerﬁ€d Elﬂ:sﬁzﬁﬁﬂ[)abﬁﬁbgonal

ninsulating region (48 he sem conductor
to dﬁ\cntsmlptamamﬂmmgirstmbdoallaya(19),Ia11<l1er conprising a

th 15 I I I
( eyt i SERn g ecEEPRb UIon SeRert Ytk b e of
defects%ﬁ@éﬁng Eétﬁnd ﬂ'lek@ccﬁid' inGflAtin dé RY& (247)d 4 seconpsiliadethyer
aid tirst and second (25) silicon layers by

- @5resuhasilierp- om—e@ms gpre.20 4. The semi conduct or

devi ce according to claim 3, wherein a MOSFET (60),
(62), (58) is fornmed at each of the first (42), second

6. ( 25)The aisdhddof forindif)) a sérhicondudterydavice acBordingniet diaith 6f further
form ng a sem conduct or device c? risin

coppUUPITAGORG1 4 RGP (Gt ab ISR DRk SRSPH iRy ating
lair F242,t51§a1'tstsézixéc{/im1qtﬁﬁe°rl{@9)t b Brst (:Is%)anhg\rayeg (B Forin £fides bdning

a frrst insulating |ayer (14) forned
(3ﬂ)hn rdivst reginn ofitheisilivonsintinsdator afyesture Eposiag # Agrtign (34) of the

ond rys ntation and a crystal plane

PP?F%@%adﬁsf i nsul ating layer (14): providing
a S @5AGInS b lpofiivh dﬂibéierc&h@ si{i20n) ldyaw {25y andsecondt bwsulating layer
crystal ori ent ation @8 and a cr tal

@&cloctm wmoafi. qagmngy ) i Seconddedion 2 aRG sEiitnhg-insulstor
t d d
st ¢ oA B e e o et ect s
(22) created by inplanting hydrogen ions into said
d bst . ; ' s
7. 571 B mebnCoF SRR bRt cot AN koSt REARRES, further
coﬁlbﬁhiﬁg $bBnink Iﬁ@b&ﬁlﬂ gatds (e8)pon sidesvallabi e ﬁaay é:i())(;ﬁﬁ{) second

and said first silicon layer (19), such that the 5
(3roperiags;dne of the second silicon substrate (20) is

ori 96)94:1(1 §e@oﬂ 28 bysilids to provide

pl a%gé‘sﬁgtse#% 1%”%{1&?' ‘Iﬁl ?QIQQ ) d;ﬁd?s%l itti ng
a diicbnr@rinsilaprismetes mﬂi githird @ﬁlcgu Bexqra{ﬂ@) baige al fasgerystal
orlterrl]tgtul)rll rl]r?the,r first region (52) of the silicon-on-insulator structure, first silicon
layer (19), (42) having a second crystal orientation and a crystal plane in the second

region (54) of the silicon-on-insulator structure, and the second silicon layer (23)

having the second crystal orientation and a crystal plane substantially orthogonal to
the crystal plane of the first silicon layer (19), (42) in a third region (56) of the silicon-

on-insulator structure.

10
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defects (22) |eaving behind the second insul ating

| ayer (24) and a second silicon layer (25) on the
silicon-on-insulator structure. 10 6. The nethod of
form ng a sem conductor device according to claimb5,
further conprising renoving a portion of the second
silicon |ayer (25), second insulating |ayer (24),

first. siligco er (19),. and first.insulating laye

8 14) e meshod of RiPing apbbieREtud e fevics Bt ing 8, g, further

. CON- . ] . r Lo
“BpHEe Toye 8 ARl MAACRS I (PR TMict-opinsulator
stmcturedoninsubue soigbrst regipno52) Fremssaidsegord (343 end Huyd(56) regions,
5). and second i.nsul at | ayer, .. .(24).1 orm a

abd B inblols oo (o S Y sl oo ohe
silicon-on-insulator structure exposing a portion

(36) of the first silicon layer. 20 7. The nethod of
9f or miThg methehd T onaing dsenisondustarcleyicgiaseprdingctioalams 7, further
further . c risj N [ I (
oot Bk oSG s M ROl ST S BET5D. i fe anc
tHA(56Y Rpione of fetsilidodlonsinbilawn sirictilee first (30) and

second (32) openings to provide a

silicon-on-insulator structure with a third silicon

| ayer (40) having a first crystal 25 orientation in

the first region (52) of the silicon-on-insulator
structure, first silicon layer (19), (42) having a

second crystal orientation and a crystal plane in the
second region (54) of the silicon-on-insulator

structure, and the second silicon layer (25) having

the second crystal orientation and a crystal plane
substantially orthogonal to the crystal plane of the
first silicon layer (19), (42) in a third region (56)

of the silicon- 30 on-insulator structure. 10 AMENDED
SHEET 8. The nmethod of form ng a sem conductor device
according to claim?7, further conprising formng a
plurality of insulating regions (48) in said
silicon-on-insulator structure to insulate said first
region (52) fromsaid second (54) and third (56)

regions, and to insulate said second region (54) from
said third region (56). 5 9. The nethod of formng a

sem conduct or device according to claim?7, further
conprising formng a MOSFET (58), (60), (62) in the

first (52), second (54), and third (56) regions of

the silicon-on-insulator structure. I QA AMENDED

SHEET

10A
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