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SEM CONDUCTOR DEVI CE AND METHOD OF MAKI NG

SEM CONDUCTOR DEVI CE COVPRI SI NG MULTI PLE STACKED
WOHBRD79RI ENTATI ON LAYERS FI ELD OF THE | NVENPCONS2005}043398

The presentgivireRbueTOK BERiESANIPMEEADS ORAUOLING devi ces

and met hods gEMI0BNDTETORIDEVIZESEIMARISING OIULTIRIEY | ces

and, nore part iSTWCHEDWYBRID ORIENTRIENCABERS conduct or

devi ce conprising silicon-on-insulator (SO)

t echnol ogy. BACKGROUND OF THE | NVENTI ON [02] An
FIELD @ THEINVEMIIANOf ongoi ng research in the sem conductor

i ndustry is increasing sem conductor 8‘{?(” man
1) coBiaushE VUG SEoR RS FiT ot BT SR iaigmiconductor
devicEl @Bamort hariGiagy,ab apn iBpiciRd agnicvbdiaior dovicd @omm@ising eiticwendrsulator (SOT)
technol|Oeyl d effect transistors (MOSFETs) are particularly
WetT suited for use in hi gh-density integrated

CI rcuits. As the size of MOSFETs and ot her devices

decrease, the dinensions of source/drain regions,

BACKBRO OF SHENENUQN gate el ectrodes of the devi ces,
[02] al a0 id@eiaeage of prddihg Tdarct os ittgrsemfcordyatar -indystyl lenncmaarma&emlconductor
perfoxtn{aﬂgé%hﬁg 9Jc§asmgtpt}w§ Qg{sﬁmﬁlbﬁﬂ%%lcén@m B&Ilc@kﬁzﬁlaﬂ tt‘ansmtors such as metal

. hecessary o provi de VGM | ow source/ d high-d
oxide] SRSETEHHY oSG S GGOISRE  AAE THRCLEGSYY DU eiyorg  hshdensty
integraad ﬁfcﬁks ali fné 15 OMOSFETsd @ik xtticelafoaentss the Hitmenstangof source/drain regions,
onan Gl 1300E cn SN AUEPELL bS] el gadvant ageous! y

eakage currents and poor breakdown
[03] peﬂwm Ever-Spadlpn RIARAISTIBISEABY WiFhashort shamneh Ipngthe malis ftjlecgssary to provide
very Qﬁmmsoﬁrrde/&rﬁﬁ RERDRY. S]falldl@ﬁ)ﬂctlénsoﬁ'e heeSSry @ra@oid) &gl diffugion of implanted

dopaxgseﬂxto 561 hat“tfgl snar'lcéec FI.P E %k&ugorp glsad\c/) rnga er&gs?y é}&r%mgsr Io 1gemﬁgrérl:ﬂ'rents and poor

Vi C I CON-0n-1Nsu %
breakgdvinongsfortriese { éhqﬂaw.smceétramugm@p@@da d@:ﬁapq @W-Ofdarn‘?ft [ORhA or less, are

generﬁ’l@'\%dﬁﬁﬁ forlaﬂzeﬁgﬁé ﬂe}f&ﬂlanc%sh&ﬁ:ﬁdrﬁﬁ Se\hcﬁ@ rove performance

[04] SOS‘E‘EOE}%% Ilmrsnlgfttgr?§§§ %{:ﬁp{):lg%'u 9%%53%&8%%&? o]f FuF ng:p%ed £hol?c%v Junctlon devices. In
additign, ISDEdrmiceuhpteve ipgrfoftompeet regncing pagghiec jercyet C&II’HC@MC} con, and

[0s] & ﬁll I @ubg\tlfa)ésg lﬁ’%lnecﬁdxkd'e @Mb()td}h thadd df Ridod ofi 1§fﬁﬂngdl%ﬁ ki®Q&8crystal silicon,
Various nethods for fabricati n SUCET)‘?S??{ bstrat

and aé}néle Rxpiﬁ%ﬁlhcomén %lfflld?‘l OH’EP mﬁﬁo’? S 81.5 ér}e cqtl%:r%h ?OI d;ubstrates are
knowfX@gpastich(nBSthMOX B ¢pamatienr bl mplanedgxpmgen $SIMOX), |\Mhp'bla piyeeh ip igh npganted into a
single el e ﬁs&@ fo%llml SRS HOA finf 0 fOr m a buri ed

Eé’\ met hod of formn

[06] 5y paqtheqmethpdsof fermipg a dlfbﬁt@ate isfaferbopd lehggﬁ‘lt%ooﬁg]ﬁerB?‘tor substrates

with Siths bxidts@Saciafens asd Hohd0 bgeidr dethessilichraaxie lsafaess $o famea BOX layer between
at the silicon oxide surfaces to form

ween the two sem conductor substrates.

[07] [ 079&]10t17gn§ hteqhmg;g is §1@qfh@|qt (ydich alsasipglyes @Hileg );emlcwﬁ(iluetﬁr saxpsérétes through

oxidel 15!)6@' Yibe mmm&ﬁﬂ] &ﬁﬁleE belicoSdibst fuBress it huiplin@ with hydrogen ions

prior éoxlfﬁns% duer gdrogs tc))n 1mpl?snrt£as{ﬂgseqcl;lélr¥ a?lov\{'l‘%%rh&ngmﬁe%& dlg%laﬁtglesubstrate to be

stra
split frapnbe pomileg isubtstentel ispidigrghindribin keyef obyfisen engbe ifist-ant s

[08] subsaaaRt} Hev@la lp&%nintkecah)bg rf@@eMNenhBed! BYtha@kHe@fbn of silicon layers with
substrate to stra

ub
certalp érg\}?l R nad)é1ﬁrrtzﬁlans wlﬁ;ﬁ fF]cﬂ’tatg/lg]le or feleckt)ro ﬁiow F%r exar{qhe ‘ihe performance of P-type

T Con
MOSFIOB] (PBOSTEIN chu de omprdesd i i€ theypare ffabrieated o8 ac@H) bélcqnut’rutf#?e,r with the gates

orienfed! Kbatﬂé?ﬁ{é ho¥s AdWEin ﬁn%'(ﬁ@i;/il%b Qifectﬁ)hl T&Qﬁbbll@b’& |11§lesV‘ﬂowfhg in the (110)/<110>
certain crystal pl %ne ori leat ons, ich faci !‘rﬁh@ E10> direction.
direoyig) it mgpe BLRYGE G HEh oy, PG FUSAAPIE i S of
Unfoffsnbtylpeon the (110) surface holes traveling at right angles to the (110)/<110> direction flow in the
(110)/<100> direction. Hole mobility in the (110)/<100> direction is only two-thirds that of holes flowing in the
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MOSFETs (PMOSFETs) can be inproved if they are
fabricated on a ( 1 10) silicon surface, with the
W@ A10696209d ent ed so that the holes flow in the BC20hH31043398
dj f., ol & QWL N

(110)&?@; /cilrlec% lpa?d}e-[égtgl %%p%nlsl'n%r%lrxtg in o r]( ﬁ)) pllane is rghclhnlﬂwel?qmg that in the
CNWQWWNNBPHW@Fes flowing in the conventlonal (100)/<110>
[09] di T1RCGtrmORmicbithi@srt ddtiads ezls)/usedolﬂarehh@ fol 1Dpe sMiiddas %emﬂécﬁﬁally disclosed
emboélfng{ltvs ISﬁml??,]n%uc or 2%3‘;% 351% %r xin,rlgc dc a Jd:cla'g / <1}8€ctr?r'u{ (?evxces including flip
chips,t fhe chip/pati@)d asm@beSdranms ewaqﬂsrsanlplyprpwomsmrrdd@ apqmtmemones, etc. In
genern Qk Bondh@MidVeked Bfed b @x(yle%Q}léaﬁjel@?codlbﬁ%tsérﬁ’ilibnd\lcfbrs

addition, electron mobility in the ( 110) plane is

much |ower than that in the conventional (100) pl ane.

t EP?ﬁﬂjconductor devi ces, as used herein,

NHWhQRL(;q?%I§Q Imted to the speC|f|caIIy di scl osed
[10] enBstti erisistasneedsémihe gericradusior deide c8sfor agleicsettiat iremkingy the performance

lmprolvaﬁéhtls' dﬁS(ﬁ twhldﬁ)gy adl (ﬁtn)(al @l’ilCOﬁ'C@@tﬁlroﬁE}itﬁloﬂ e’VHeEé&ﬁTHeMistddln% in this art
for seglg:ﬁngigft? cggées ﬁ?"&‘% M?fsp}‘?lcs al%?emaﬂc'{es FMBEI!'EEI‘% anJ 1(11916§f-']:slls are%ébncated on

ocessors I ando €ss nend
the opgingm sikigpngerfaersddr, hols e cisorausbitity, @mth% T*elfeetso mstsaanlyed in this art for

methdal)l@%I fol GMhnin %Véeﬁlﬁzo&igémr deSibd gonfp%m)g3 eod U:@tn@lﬁéf ancé‘LMAﬁBYsﬂlcon crystal

ere exjsts
orienigiy 05 AAIEPOPTBEYICE G i P ooy eGP BT isgnducr dovees
comptisdiveg MGSFEDs, whereie the AFOSVEiyemt NMMOSFESOkre fabuidated brodys oraimdm silicon surfaces

mrmﬂg$ggghm§£&m§pn crystal orientation. There further
exists a need in this art for semn conductor devices

(1) cohstei adnghuCIseteTae Mfh e PTPORiREN PIODSRERESEN Y RIlpTsRE e provide a
semicadectdralbridiecam@dinga sﬁbhtﬁa_tedptllngrufiﬂssddstabmmntstwnf acfes ifsdating layer overlies
the SJB&JaE a%gplﬁllaﬁtgtolf %Hctoﬁ?a?érga F{eMxF tHeGRe %ﬁlht}ﬁ? lla\frer wglrsgsﬂﬁ:l)ns der comprises

a nee th met hodo orm ng
silcohag B AT TEFBHONERAPE @d@dﬁ‘ﬁtﬁh RN oA SRopndys g’éﬂﬁ@[ebwpaﬁﬂs“‘“’“ having
the se@cﬁhﬁ eyl oﬁénltd'u&oaﬁld@R:M&ﬁl@lan@&ﬁt%ﬁ&ahﬁﬂﬂy ottidg@dickh the @fystal plane of the first
slicot Gre exists a need in this art for nethodol ogy of

t ¥n1ng sem conduct or devi ces conpri si ng MOSFETSs,
[12] whBregsi and woher PRASSIRETRShe et RIVESIRETENtS 08 the BERsIE Y eorp ryhich provide a

metthh)e fd?rﬂﬁlﬁ Ml&)h&dcﬁp&vﬁél&fn@ﬁﬁﬁg ﬁcr&liduﬁchl Slicaméh- 1ﬁ§uﬁ€b1i' Kt@idture comprising a

first sgx?r%bsa tﬁ lhgwrg]f tg F]tec'?’yregﬁalzosnéeﬁt tloln Hv\n/tg ﬁt%ssg?]nsa%lfg leﬂ/er fgl){ned CIlereon and a first
silicoslayer baying & escand ceteliopentationged i siysal phnes;wtrb'mgdteélrﬂh awlaﬁgg layer. A second

silicod &u‘i)scntate Gy M’§\tl&'d hVideQR REdn@ @rystﬁ oflélﬁ&t)n énﬁsal-@rﬁtal ﬁlgle afd/ £5econd insulating
layergver eg%the substra%e and

éerc?qd e“ﬂfsﬂ' Pes feccinﬂ §u? slulhsgatf éwses Ai lﬂe I‘OE tdefects created by
1mp1astmb hyioigerl iansauto the Fqgcmd srda&nsmblstra@o Thhr@gwding gjlian subgreds bonded to the silicon-

on- ms‘af‘a%lsgnﬁiturg [‘hh'o%@ljf @l ée%d ﬁl@tqatn‘rf}g ﬁ{'ey §r¥dQllle fﬁ’:l)t &féon 1&&%@19@5! the crystal plane of
[1con | ayer conprises silicon having thé

the seﬁqn9 g{lcgp su&magrﬁ %ﬂeptgﬂ,fumuagy e?lvgctnéq to E)‘F &rﬁséal Plﬁ%&of fh§ ﬁgst silicon layer. The
secon® sllkeh ambtiaglid gaht(}ihdi hegad alond tbe linh©f defeyts leavingHebindtho$ecdnt énsulating layer
and sech)nrd%%co%ll %Eer%g l;he sfffwg oa Iu[s&'th])r smﬁﬁ‘ee and other needs are

the present invention,

(131 whitdshinyspenpi aé@esges rﬁl@t neesty fsfen frereiedh b'g'aspé%‘nﬁe%?fﬂ&féftr @pvice with improved
dmuﬂﬁVMﬁﬁmﬁﬂ&pflSlng prOV|d|ng a silicon-on-insul ator
[14] st 'Fhl'eI grc%'lg%%% g % oarnir = h:fs‘;g{ct}s raﬁc} ad§anklge% %Pthéc' ;g’lr?sé& m%gri%mb\@\(l bEme apparent
in thel@&mm fimnhééles‘trtmrlevé the awepmamreptrogtwhgq tpkep gyropaneton Withthepgeompanying
drawifgsSecond crystal orientation and a crystal plane

overlying the first insulating |layer. A second silicon

substrate is provided having the second crystal

orientation and a crystal plane and a second

insulating |ayer forned 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 siliconon- insulator structure through

the second insulating layer and the first silicon

| ayer, such that the crystal plane of
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the second silicon substrate is oriented substantially
orthogonal to the crystal plane of the first silicon
wol my&062795he second silicon substrate is split pamiUS2005/043398
erammwmwogmia@mmggf def ects Ieavi ng behind the
[15] f ﬁ%?é‘gj 1- lggﬁstrgn I_Lpegfo en(r)orf aa'sg} %ei CS)IP élctor Jfgl%:eo% IQSSI-EETCS) rf]'ormed on silicon
layerp MCPWS@W%@WHPHQ}HM@%M@r an i nproved
[16) hi @15, 9P ARSkra8S tHe FARMGHE Lo burkd@ YlieBlaptt bhd MIVIAMESh of oxygen ion into a SOI
0 el ectrical characteristics. [14] The foregoi ng an
sefher features, aspects, and advantages of the present
[17] i nVENRE) dinstraied 4n aygoananbappent efvt SQlRenitrmdicor Haitk With MOSFETs formed on

smcoqqsaty@rg sﬁﬂfe@mwamnwamﬁgfonwagana SBRERd 1 nvention when
taken in conj unction with he acconpanyl ng

draw ngs. BRI EF DESCRI PTI C]\I OF THE DRAW NGS [ 15] FI GS.

] N on of a SA sem conduct or
DET%IL}:EdElsb E{%Ftﬁhg ,%]\5 on silicon | ayers of

[18] di heepresent inyenyion erablesrtheeprodattiop nEimproval lighrrned senidvsducat devices with the
beneiﬁt@@ﬂ SCE |t£‘hnoi’e%y hxldl MésrEt @o?m&nﬁ) silggm&sqﬁwgg dl%{ﬂ{t %%stg)gnglﬁatlons on a

%/11_ nrplantauon of oxy ?lenlonln
conmécinrs&lzﬁrﬁ e he[ Qfe)s]z Iff"@tw?(&”ﬁhfrl pu<§ltdlc3a céglggcﬁ hglFtnépPWatt <gfered by PMOSFETs
formedmped sihentlayefs lmvisOla @ EMi<CORdusab prigeudnC @itwittehreddoF Fak&itic junction

capaéﬁ{cpﬁqemf§bitb&9&oglyayerS of different crystal
orientations on thé sane substrate. DETAILED

(191 pESCPr W@F‘hﬁrﬁ@ ReNR/ERRFF €9 fram fabratingyfewisss qp the (110) plane, all of the
PMORBFRTegates lome © habrieasd tohkat prled dahcﬂolwﬁlﬂthé)f 110)RProc\a@éktion. In conventlonal circuit

layoutg 'I\&%&'ﬁpg le%gggegﬁpgk&%%&f%%y gga ;cl?it rtl h? anblgsntf) otlher Igates

on S|
[201 hao‘fcﬁ@ma.tq feételé fEbedinyants if “l?rﬂ“éﬁ‘f HVPYRRS ﬂb‘rfmdtmi@mw hybrid orientation
layersSpiddade ragilieality [4T8ilipdnEIsy@Rthavik/@ It ipRfAks loténted @ﬁbsﬂﬂtﬁlﬂ' QﬂﬁanQQo each other

fomelaioﬁrlgchﬁxn:?ag(éﬂgml t!ér{e“t ﬁ-hl(l)sf af) eﬁmfgté) )I m S Eei %FE ateg w1t£ gates that are

substagiqliy qethpeonakio gich ptherh BY prepfn eetedtiop af hesilidon layem prg$tal Onientation holes in all the

PMowaednmanﬁﬁhdaﬁgmeﬁdbn@ (leO)/Ei(ﬂ» Gieedonol ogy. [19] In order
from fabrl catin

121) 4 OTRRRIMSR Sy 0% oo T SRR Vi B Hsm SIS B eedor device
illustrpfed, @ thepackranparrying rirandngs. 0 However, Bl ie sxeomlaryf dnbwasitie ¢ldiged( invention is not

limited Qi fortnaddd 3t HE §8GEd RRees llﬂstﬁfa@m%tdk %%L circuit layouts
t so_that nman

[22] NC? t];%ﬂg%t %Plgllﬁ Ieag%{lgoaﬁtg‘ogée%{c%gb{ #éraéutﬁgattee\ésmg [a§e1]art Cut)6 technique will be
descr IMC Hpekivergalemative ret lmiqoesefifooahg ¥ sgucifes,tstid aP$IBRBY) tan be used according to
altemit@&%ﬁ&n@xﬂs ofttln:%regyxlt ]:n'vepllu% %%9#%? {l%tl'%'ls 2 !i gn;t) ﬁ\;l 19%1a monocrystalline

gers rovid luralit 1 con aeers
S“‘C"‘tsjf 'BE BEMLREAL SLBRYRREIGI yhedr‘*swo’ga&ﬁ 34 comprisgaglcon having
a crys@t drentatfod famedcrgsml plaio Min@Raid&hbodinfehte bilthEpresdhl WSentidn, the silicon wafer 12

has a Qi IH£ g'wtatl Xneg%tl(l:) '\MF ﬁ%laﬁ bgsu{a 1% l;y%la{“elsd fo\émne%% eng-}m %con wafer 12. In

are substanti a o eacC
certa"p‘i*@ﬁ@we%qf e rremt mentlcrvethg 1nwla@amlayeayeas a elilwtoankie fayer. The silcon oxide
layer Erchle&tf&hk@lﬁy dolesonal efibds, shchﬁs ﬁ%ﬁﬁ@tldﬁ@ﬂth@ LIM‘I Wwh¥ed P€according to

ceﬂa1$én%o%r?9n25 I’?f Vl\}lg ¥r|es(eBt 1r:1l'vg)1t{o§| Aaosgo n L‘Ig}g%, hgéqrcgﬁefn IOHJ W‘ afeHm{)lﬁrged in the silicon

wafer {19 tqrp predgiergined figpthsidnte dermdthe trper flstet\Pn dés Tt [iddnted thedtogen ions create

mmro&ahﬁes@&&ﬂﬁﬂs’?&ﬂs}’ bxn QchUbMeEl GS the Fﬂl’)\ﬁﬁ{&ir wafErhl $/hsS (8 Xﬁﬁﬂ% Y size of the
cetﬂ ventlon limted to

m‘°‘°“f"“l % rfd%on oFth‘%S‘S%’B% ¥ & 8! 53’8%“’ 14 1“13%?“#‘?5? é“d“fFﬁqO“f‘Hé‘“d propagate
thouglohrngeplatips typf mqessAThnevlhmdelnfeads oravplitineat e mhferdn gay disassed below.

[23] de%/loﬁlé‘r sQaloﬁ’- 2£gmp$1§'i 551%0% shbs;.ird?eglﬁ suelBE b it (haker 18, is provided to be
escr | alternative

vonded GRAPRL BEB - }ﬁWﬁfgS“éﬁ op HEpaH B s Bifcrisicp ey difteen om

can be used according to

3-
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al ternate enbodi nents of the present invention. An
upper section 17 is formed by providing a
womneenyst al | i ne silicon substrate 12, such a®cIiis20m43398

the c%ﬁl&ﬁenlaaon cﬁSheSthQV\K&ctioﬂ sifidomwatks 12T eceRiih énfoMimé¥ad & khe bezsent invention, the

IOWCICS%C 51 conw%e 1%91?5%36(%' gygtale})ng St al orientation and a
crys St a n cert I'ments of the pr esent

(241§ nve HIOIWO rv Flﬁhieths preRretomAS and thi owhessctign 23 afdi@nded tos@thedther through the
insul&link BNdr &lrfa 1 3 aRth su&gc@)ayé? b 8.6 he 16Wer kddgdl28t in Q&ain@%@&dlrléhts the bonding

over pn_waf er
sttt RE SRl g pPbLERET RUBh] B DAL STt e pemess. e 2
A pih’aRMB. The jovemsestioni28 and iverer @@y 17 aFheressid jogatier andi lgbated in an inert
atmo&pﬂéf@ kt alél‘np@l@ﬁlreble tht %BM O a6RANYBRE tUBEY: 1558 t’(lf' ﬁ)q §bouls§"rﬁihutes to about 5
OXI%SUO of the silicon wafer 12,
ho‘"séﬁ E’Ber ﬂﬁert“’(ft‘ £ e BRB6UIMEAt s of the pr esent
[25] i nireqsttdimembodimeshofuie prasedFIn@ntih, arthyuitizog @reh hondopldf aflhgdeous solution of
H,0, opﬁk@%@ ﬁZd)zrl [H;@deﬁ knl theQQ&fa@@ge%ee}tae lgp?er‘r'sleci:f§1 elqeahcptrxénowggection 19. The

depth 16 to formthe %JHDper sect 1 on
oxidiggy H’i‘p&ﬂ’ésrf G RoRdingdyrosess BY #Howing seknlivaly lewer t?ﬁperlawbpﬂsiev@r@oveﬂmg better stress

compgnsatioo bylrovidisg dopanishie the qu]idfﬁg] tmiiﬁh wiadhewill erhﬁE]a bda@ingl RS whi¢h has closely
matcl@@ goe%ﬁc?eﬁts QF |h$rm§l e%agg‘lo(?lqg dﬁ g%ubﬁt?ﬂ‘#&:u\ga?er% taned lmél t\llngtc§ntammant migration by

di st ance ow a certarn
the uge of dappfisdia ﬂ@é@tﬁ‘rﬂg frad ﬁ?tdﬂlé@raw@ a topdingHavsr tp@rlscadqamet todiffusion of mobile
contatnjnpi@s. pr ocess. This ul timatel y I eads to a spI itting of

[26] t h%hevg%mgmed uH%er and lg I e‘? g%nong 3%2 1s S senﬁlgn anngﬂedvf about lclbd ‘anfor about 2

hoursS ﬂnp %thme@ causeg the mscr«pmms d’ébP ltyérom dépsthemer stagort weo propagate causing
the whllﬁrpﬁrto ﬁﬂxCﬁlbr@nhe]-lZle of ek QVEThe DRKLs1iOdH otk 6OR Nﬁér%gcu;ﬁsubstrate 12 is

LTl T ENTANER I R —
4. In I@talnl embedamengiofithe priowsati ixvertios, afér theHfermpliaoétht SDIswrecttre 1 the structure 27
is polsit@ bécAWE1he %péltce.nlay%y ld &g&ts\e@ér&augi,&ssh as a <100> crystal

ori e at [ shown in
[27] settt F g "*gg%%}“’f”lﬂé‘yﬁf SRt o taﬁs%tra%e Boden atssm@%*wtor device
compudirgenultipher sodigpld hitinig oriengatibrakayeng Thayar besad¢onplishediy ramhng fte Smart Cut®
proceéuars Eé@@usiy%&%ﬁbeg 'l]he @61 gtllﬂgurle { shg\ﬁlclh irl%nt%%%omkﬂh Clg&/% ?Acpon 29 for the

d| nents bondi ng aces
formaGie 9y PR HEST B e”étSPfaW 216t S OIS HEEPPT 1 mprisig an
insulatigpiayet74f acleasraGliglaREs layde 24) and asilBoduBstrRVED is Béi@ed 6 W lower section 29.
As pr%%gl% ggs]cr%g’d gigqeéép ﬁta:% REforme§ %§7 ln?:ﬂntlnﬁélggr%eeg llro%ss %toqhe silicon substrate 20.

er an heat e N an | ner
The Slﬂl@%wétrsta%twé)f iths upRFESeFtion g é ctprises ghsoa Eaerurg UpgemOEystah orsiplian as silicon
layer 192 Qfdwoker, i I‘upp&b@bﬂon5l mpﬂdﬁtoﬁéﬂ dn@heab@b becton PO Uhich tlaDth UBBn plane of the

81hcor¥ H‘%%“lag%r‘ﬁ%%% ed s&stalﬁlaﬁy togo%all'{g IC3heersxllsc§n0t%ll r?sno(g %ZICOélnlayC]' l& In certain

present I Nv
embodimagntf of e Pfﬁ%ﬂﬂ'dh\/ﬁ@t@nah@cﬁl@ﬁﬂ leﬁfer o thg Urevs Ussctivn PUanid dhe sidifon substrate 20 of

the uppld Q1 3 ll‘ﬁmcoalﬂﬁise %%r}lsﬁlhm Hibsl @‘Qmﬁ 23| l|‘~0|5l Qrykttt o@n@x{t@ﬁ# I:Ix-lgcertam other
e ower sectl on

embodf g3 b R o B e iy BB B 564 owi ng
[28] r elbatppeedeytidn Ghend eerpetian U @e bibsedienty bapdedyihel ipper aafdrt2@1is split and

remov§(§ 51&1%% hﬁé)m%ﬁ@izl S%rbré%()u@}r (QYJrlgédr}&uﬁQgJﬁ @bisstlluaurtz be comprising a substrate
produce a bondin

16 e ﬁ%&ta@r'%s‘éaé% it EHRinE T 1 e Y RBSI e Lt sicon oy 19
comprisiop amsxndnvmgja tetrartl ciy$tal @rigdisd andtaerya@lf @ans,,a sadedd Inkuldtihg Ager 24, and a
second® Qﬁ&ﬁfﬂy@ﬂﬁ‘i cd é}ggn?gt Lxﬁ&ln tfl){vu‘igpgnsl Hﬁ:@ndoz sqa? ﬁaﬁaﬁ rla%}]éitr%ﬁl {)lane that is
S"bstaw@ﬂé 05%959%&0 t{“’oﬂaﬁ@l ﬁ’h‘@ﬁ aﬁqasfﬁr%b@wéayebm anehoantis FIG- 6] In certain
emboditheats®f o ipreslt inpgpedn, e dirst amdesecosddlido figerd 79, 22 3re if§rmed to a thickness of
aboutmﬁ%ﬁﬂtobr}fn anneal ed at about 1100 OC for about 2

hours. This annealing step causes the microcaviti.es in

t he hydrogen doped upper section 17 to propagate

causing the wafer 12 to split along the Iine of

defects 16. The bulk silicon portion of the upper

section substrate 12 is then renoved | eavi ng behind an

adhered silicon layer 19. Thus, a SO structure 27 is

obt ai ned as shovvn in FIG 4. In certain enbodl rrents

o a1 e o, . Y I Y a1
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[27] An additional SO silicon layer 25 is fornmed on
the SO structure 27 to forma sem conduct or device
woconpea2sieng mul tipl e stacked hybrid orientati ®CT/Es2ers843398

129] Thiag 11!21@(&&9 é [A6CO Hﬁildoﬁ badk 1BY%r JEPRA 1%k th @ecmrllton%r 25. The silicon
escribed., The SO structure

oxiabh 52 18t i B, R B TR DT depiopr (D) e e faprurige of the slcon
layerf2§ cart llrpethdrmlkywmdmﬂ ot mkmn athiie tlilm D& ls sBfSkquaitly ideposited a¢Lihe silicon oxide
layer&% TﬁcsthQGQMf ki sih !:&i"- oxide la?&] 26 AR @Jﬂa&%&kédﬁ&:né og'the Fll'esent invention, ranges

rising an insulating |ayer , such as a s
fmmak’anﬁ%mi‘ iopBqut 509 m"aﬁfdceﬁa‘%F‘Pﬁ"é‘&’ﬁmg?fb@tpreaﬁnélnmnqnsthmm@ pide layer 26 is
about 29 rtnhehick.0 WA silge hitride 1229 .28 Ass Dthekiie@UWS hhbudBSGH iolheshit 3(mﬁn In certain
emboqgeﬁlg Ef tiw' ]:’?(% n%g]vénﬁon @5 {H%Qleg){,f %@Blf%”h'mr&? la é‘gg eo'?x IIO

to the SI I con su e )
[30] 2006?*“%%0 aﬁﬁf@ﬁubé@anﬂbf?ﬂsedin et ft@etsreg? |a|s db‘ﬁrané\ln Fi§- 8. In certain

embodi@nts afihe predgni itdentdn ] RNEpRAINGRI30,82 a8 foinkd By E@y&EloI{LBphotollthographlc and
etchulgqmlgl[es to etz}?osé'lglg.l%per §u§ﬁ£e 3Qn€ %f & blsttsétqugrlldt anO npeer su; dee 3? ﬁf the first silicon

sect e siltéon pPEhd
layerdP| Cepyntionhhatelithesrambici asd eiehiegieeniauss mtuémfomang yresist layer over the SOI

structﬁfech Q%lﬂiiﬁ antl @attehhﬁlg @ie'rés(é@lﬁyep |aﬁ’<ﬂﬁls@tf‘op§|e{chlﬁé35r tﬁeag(ﬁ rstn;legxre 27 to remove
i nvent

rt.al t es e
pomons Ptc LE 51llc % nlté'lr %éer g§ 51§14];]on orude P¥er &% & g ﬁlhﬁqjl la'ﬁr 5 .'ng the second insulating
layer §1‘ F’ipe%m tMB‘tf serfage IOL gk fipshaliogp pagr I%eE,lPhlmms @nfinubdtoltremove portions of

the ﬁfs‘smf)ﬂ aRr DR ﬁfsMﬁJuﬁlulg' 18r ﬁ'ekﬂo@n%th@\gﬁ%r@gtfa&’l-ﬁ% th€ bbttait! 12 in opening
ments of

s0. 18 BB ROBHEIO rPiq & B HR0T R0 BYHER 2k Jepaph 1. 8. Comentional
amsompncemha!gi toqhgiqeeannchde phedh, etfh2@] and hectiveper etsténet | Anisdrodic etching can

altern@B1¢ bk @Pﬁ‘eﬁ oﬁﬁﬁg |se9f@s %la@nrlaeetﬁlﬂllg SERUsL IthergQ ng% platsgﬁ tl%at optimally etch
split and renoved along a

IS
the Vﬁ‘g(g’é c‘l‘ggg layﬁ@ B Fcé\‘FF o8I SPC’H’%% ci% pRdofr diferFat ‘H’@th? r"i‘f‘csérmed separate
photoSthegnaphia sl eMmg ety kdnshie ngd & fsmb@tlr@exﬁxgbﬁ Rawitdthtady, botk Sgenings can be
formeld EM&L&LouQ{: hs%{étg?a(ifexq hot(ﬁit}roglé;ﬁmﬁc téc?xﬁé“e@t Ing | ayer 14

over | t he sub s rate t silicon |ayer 19
[31] coﬁﬁ?cP’édi ﬁ%lj""s‘i“i"id?: By B isthseasends depatied pps haPOlorhee At iapifustrated in

FIG. @riflcedtaib eyisidentd btaliEQa,resalt me@adilthe §iddh f.ktrida @ydr 3y R bepddted BAGhickness of
from %ﬁtel%%gldto 3Ikolu R)grrllm b§¥1 convi 1? a?gp 51t§0| rt] hm%uF asluc%p S Iaag)é ?[ﬁeé FlllCOI‘l nitride

secona cry stal “orren an
layer p&is %ﬁglteatmapla?qoyw%lw%g @rfamn SFléaltgh@i s@py@&saqcerpwan the gifenings 30, 32, as
showtt REIE.1 10SUn Sdrthih GABLAINRYE of &Qprcﬁﬁt 1§JBQWH thdqseﬁjagénecﬁspadeﬂ 38 can comprise
other i:nsulattl?fg I[I]lalg nJ% gor éangu?ﬁ Fecf Oahgqe% gxel(ggsgagtgs Szgéﬁ gc%, %mfes Ibﬁérasoina)xcglly etching
adqﬁﬂﬂd@Wﬁ@§§Mb$nab®Ut 30 nmto about 1 0Onm[29] As

327 11 E},eléSﬁvE @ﬁlﬁgaﬂ snlccﬁll 13ers 4o, 4@ ar%'glrd“QQ)H thQ)gfllg&n shlﬁﬁlﬁt{ 182a§<|1 the first silicon layer
1 CO he silicon

fo n
9. st BE ey T A eI Balom N SRy OB Uap: o hown i
FIG. l\)afﬂ!ﬂ' epdepbsiicon Byer{ 4C\/D)haveghe sainecrysoporuttica@ethaf retpa@ive underlying base
sﬂwoxﬁl’a}e}scl@ n19I "ﬂ{tﬁr gg&la@ ﬁm:op ﬁyér h@ EMC symeQ?r(}!'sgi &%ﬂatmﬁ‘a?th%éﬂ?cgp substrate 18

g 8 is subsequent]y deposited over
and epé‘F’i‘all yggen ?fdé ﬂsgyé?"ffsfstahﬂﬁlém%"ﬁ? ?,SR}F?J%% sitigon faps 1% | i con

(33] oxAfde theayetertivé Gepitaxial Glitdnagrowte Thmdkinti@ial shedicaltrivehapic@S@iNithing (CMP)
techmhdgygrgtléegrﬂ) poﬁlé}ng@a)mfn&a(l) Wi P%%:]rs 50 4919 Phﬁ t&b (i)ill'étStleQintlah{ F]Oé)lanar with an

I'n certain enbodi nents o resent I nven
upper gyriagedd Af thsjecpad piligpp pitridg layeg Z%BSOS&?WIEG Fimlt hi ck. The
[34] siThree Gxalated tdgiotke filsaiggion 28 sdaafl regidnli4cion @59 régflonéﬂaoéﬁ foafkd in the SOI
structdréby gnq 1&B%Htfr0§1 QCmgﬁl lllgn%(%nie%ho%alesmfggvhggch 1fola(t)10n ESI:}B techniques. As

present 1 nvention, ness
shownrip FAG. dfts trengles 4 o8 fqr@edabéletsomr@ctww fBOne Oseriacg 4 Ethe @R insulating

layer B eTiRURE@EUIENArE Yorhelr B’?Bdﬂm\l'eﬂn&lkl@h&@tho%fafylﬂ@ bildl hidd stecRques, including
Il ments o

deposnk llng a';p%gtr l%gl n\g;ré lh{: ng s%'ucitlﬁe 24 selectlve x;?émg eglg P%{F@““ﬂ (5}"6 rPL-n%torssyst anisotropic
conventlonal photollthograpm c and etching techni ques
to expose an upper surface 34 of the substrate 18 and
an upper surface 36 of the first silicon layer 19.
Conventional photolithographic and etching techni ques
include formng a resist |layer over the SO structure
27 nasklng and patternlng t he resist Iayer and

- o " 7~ 7~ N o ~- o

. I
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the first silicon layer 19 and first insulating |ayer
14 exposing the upper surface 34 of the substrate 12
“KinmprHMng 30. The photoresist is subsequent |BCT/US2005/043398
efchinﬁ,l gl R ES\% thl\l;agr?l:] a\llr{n%galhstgrgsllsgﬁ f?rgl:at{e}é&geslﬁghais ﬁlélst%tgéd W(\é\n&él Phe trenches 44
are poisitieried efeund khy sivide siderllngf. sakithpt @bt FVRRrIPisITIch fspmiforged the nitride sidewalls

38 arAE}h&JQM&pdh@su@&r&!enﬂg can alternately be carried out in
[35] pl '];}gr | eﬁ%s 43 aRe qissga%%t & hlf pg%mthhapsulta%ﬁ% 1nsglatgnafr1;afenan1% tas by 28 nventional

CVD pmyeey s shoBe @aﬁléiel 4 \mmblp anilytige materialsatB insfudeliilichenpitside and silicon oxide. In

certanq&ﬂ)toh‘ﬁleﬂ{ & t}fe(ﬂfeﬁgﬂdlnveﬁﬁﬁatfeﬂ@h@eﬁi\@nmré fike G/l'tlamiUoﬁ: 0x3d¥A8 to isolate the first
hi ng st peni n

reglo%th gllc ﬁe‘ﬁ)lgil géJ oanOt ﬂ’ld dl&eﬁf%régon 56, 0 c%gﬂe ??T‘éo& t1onalgmethods ot2ﬁllmg trench

regxors44rmtlhtslamcom9d iyclulei ng gradi ent photolithographic
egni %@a%thynté;blmﬁte$&§%§Lr§ahkmmoa Bi depdsfl6n &réM@ Lp@@a)l s

su sequent |y deposit over QO struct 27
1 Blst rapetE e 1505 (e 8P ﬁ‘°e°ﬁ‘6‘8’oﬁ"}‘r‘§ e Sy ghemicl vapor
depospbeeaemmonsmvm)om the silicon nitride layer 38 is
)OSI t;glgne OQIdQIOB mgﬁmggilagﬁa é\F[S)m about 10 nmto abOUt

éy onvent 1 on osi tion technique, suc

561 CRion Fhllise| e vt £4. i Sl oS PG GBel BBy (ot Show) ae
convedtiinS Blgkdwai aﬁ).ak thy wallscloed tht @erfches A%, Sedhfas By éxgaring tieischewad 17 to an oxygen
ambieiga?g F:gnls)ergh?rte Iop })rgﬁgn 65098 o a%%ﬂ ﬁ%@c e §t¥h9t¥x‘{% 2'7 £ sEﬂsQ‘uemly planarized

msn S O resent 1 nventio
by CMRg reedve-thel svlrgwe‘audg ﬁ&@@?@mg 8veE 8¢ t@ml?ﬁrﬁ‘*s e gk plgganzing, 0 silcon nitride
layer 291941 kifdoh BYAITREE£T6l ard sﬁbsecﬁ&ﬁly &Xﬁmﬂ] #2 shoS/@ |1rf Hal 1I5Qiﬁﬁ1n@é(d u@ger surface 50
of theasgcrggtgillfchagéer ?g @}e 5101 ?ornq\?tfldeqy ﬁrafoyxa% d stoF ? 1|§}’f fg e{q'p yg gall? removed by
wet cgping. o Koaphowhiricsi i agpaengongly, usgd toagieh gicompitrisiy anBydrofluoric acid or a

m1xtu1$e| Jr Ih Jﬁu&%bﬁa Eﬁ&&uﬁ]ﬂgﬂﬁﬁdel thﬂ&rd‘d: Jxiit etSﬂ)hsJ G ko lr@deRE sﬂlc%n oxide. In the
axi al |.CON a

resultﬁl% étfucttnﬁ @71%(}3@8 § 1ccth@fe1i_ % gng ﬁc?/néi %gbo 4 e 1&01%% frogléEe second silicon layer

25 in gha v ragivon 56 Gad aktird sTieen leyr 40ar iha IﬁrSSICi;lPrcﬁZn Tlhagheql silichQ 18)'61 30 in the first
regnorhﬁ%@algo hs%laé@%n the ye%&f’alsﬂ&{n'lzg'&tﬁtld t@ﬂhﬁﬁreé&@ﬂ respective

under ase silicon ayers
571 51 4 By 0 40 AMOPRE SE L ety be B rn i w ol B s omed i
the sdcbi@ rBgdidnl 40 AndSAUPMOBERTE62LS famed @pthd duicd adgiogishiof dr SOAhypeycture 27. The
PMOé‘P%lTI'ZS%%r&PIE at the Q%%n%r %flts,(; quetoﬁlu?{ﬁg fﬂrh leo@% 1E E‘ﬁenfeh guﬁgtantlally orthogonal to

I COoNn he sel ective epl t axi al
meP¥P$m%6ﬁﬁgﬂ%h%ﬁeﬁ%@ﬂW@HﬂFBHdPm&ﬁ@ﬁ?&ﬁP“ﬁ%chanlca
(38] POGits laklmeg laQ&EMa) anaegalamlequ@ﬁ 18jee 6613 dfoin@d Petr Bé stlk@re 27. In certain
embog EIE) <t())<fJ %rf:slent mverrlllon ayé Ea%e é%’trocf&% J@P 64 &%n{ep gMysﬂ%&l ?nd 1?] formed to a

anar pper sur
thicknsgs ©B#hutd PQ m@@wbw 1Pinge Th@ag?@ro’ﬂéﬁalayeaé‘* ig By ffamed testhickgess of about 10

Ato [agﬁl] I%Aeerﬂesgale&;xﬁﬂ 1580 b0 BRl, gabd El&dkrodeCigePB6 22, paB@6dy conventional

thlrd region 56, are forned in the SO
mmw&@&ﬁ?@uwgefgn%wﬂm 1551 at ed from each other using
[39] coSrwenpidoiril extdnsiprs Givate fermecbsi copteptions ron(ifiptation techniques. The type of
doparIt ﬁxﬁﬁa‘ﬂlegl U&Sthe Q8rcs RRAWRid &tdidilas 7d epedds 8N Gh@Rr hd AU is a NMOSFET ora

g R MOV T

extenfi@s A% dn {pytaic embedintento pidhe podsont Didntidnolyitvep Bepent sndh aetreemcnglmplamed into
the so‘iu%g DRiaBHE R rensi AC T hrﬂ&pﬂﬁﬁl% labsk BhbSut R RAb'O[8SdnS o But2RA0' jons/cm?

structure 27, selectivel 03|n _and pat
and ap H‘é’lﬁaﬁkﬁ‘{“&f‘%)i ofpabouy b keyforaBp é%f hﬁﬁﬁ,tra i Pé‘rfﬁ’\’fg%%g’fﬂque dopant is
implahtBBinfoeth@ionice gndpdidib ext@sibst 70t dn fataim cnbetiredneof 44, praet invention, P-type
F I i

dopul S FREM R HED. i Al b UEAERE R B RaD AL bt ABfaion dose

ani sotropic etch is performed the nitride sidewalls 38

are renoved fromthe structuse 27. [35] The trenches

44 are subsequently are filled with a suitable

insulating material 48 as by a conventional CVD

process as shown in FIG 14. Suitable insulating

materials 48 include silicon nitride and silicon

oxide. In certain enbodi nents of the present
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region 44 with silicon oxide include: (a)
tetraethylorthosilicate | ow pressure chem cal vapor
walapesérscon ( TECS LPCVD), (b) non surface senspdT/UR005/043398
. g<on ef s .
ot sof £ 95 N geaD T RS I BB Bk TRARRTI i SR B kv v s
keV.si | ane oxi dation high-density plasma CVD. [36] Prior
(40] t Oufb Iniplafg 72 zb@oﬂtlf)ﬁnﬁ hoafedddthWiththelsbdidnE 04) adjackd €he 4&urce and drain regions

68 of él}eg\ééggrg g&)? J 'Irllle zﬁo Sm&;%nts ?? %rﬁ &Fe?évﬁtgﬁggp\éﬁ?f Iagon glﬁ:tlyltg type opposite
that offf jhe @oupe Siddjain heelosst ¢8u Clhg helo fplants 73 mandbeyferapd bmm aapled implapt in certain
emboalﬁﬁp&gf@te%e@engfnvéﬁm OPhk HBS BhpYan® 79 G cdrtin &Bﬂkﬂmeg{l @08 Gpresent invention,

o sy R B R Rl ) AR5 i nblon ey o

from tljoet T ked/sto 4out f kedt Hplaimmlanty Phpreventreerger bf hospurse axd dign regions in the

chamJelarX@&l 7%8 Ir@araglltxéf lhE ﬁﬁ)e@ho@&(\lroqgge oﬁt\ﬁ@MOgﬁEﬁrSQ G@L@S:%g%et%iﬁ‘)éd by adjusting
renoved, as shown in FIG 15, exposing an upper

the halqdopeace 50 of the second silicon |ayer 25. The silicon

[41] Ni Tiel hekeily dopat porBnaTICHf e soutu® Anddcainl egiossy6d are2@bseguently formed. As shown

in Flé )“9' s%@\lvelllys?{c%w fgfomedgﬁouﬁx%nﬁerkgve el'EQItOdJS) '89 W&Q&eﬁ&onﬁ%eq\ods such as

I's ‘conven [icon nitride and
the depgsitfopPf 1yer ef lobnepaterab ek g Wi NPT STERYe falipyed by anisotropic
etchingTETRAH Umsiﬁévﬂxﬂ fspad@s {d U[ﬁfca't’a&dmib&(dud@ntseif @A prebedt id®@Gbn} i0 the transistor is a
NMO%EE‘ID%/rseemSc 1S 1m|pfgrlrllgcg ﬁloqge lée:gxall fo edr og z,ée%%ﬁ d‘[‘nﬂljléellxgliugo“r’] &gng’ about 1 x 10"
ions/qs & glowlch # @ riontiem’ saeé h erm%anapmquayte?bowou IﬁVt‘?] ébqumor kpV. If the

trans1§t&gd eplfM@fF EQ nﬂroﬁ 1st11ﬂblﬁxded3i1tl) the BJAVllyaMﬁﬂ régn 7§ attaf Bnplantagdn dose of about 1

X 101;181'3 08 nto g%mt 4x 1ons);:mzoalsrll lfn!n 1%1(1)) ntat%x t%%: é§%f zlxbgutg g\ll H aé(gutrt1 10 keV, in certain

rom secon
emboawofzﬁptewntlm@nttw rd region 56. [37] As illustrated

(42] | nBchln& PMOSFER [JMEIEJ caaBe bl%atnyﬁlﬂﬁ&ld b}nfaﬁrh:@tm% |PWSFEﬁgn|n @ficon with a

<1103 omeRee e 8 BUrGPIETE 8! TR ERICPH LR Qo vit s Pome
dopartt lireth&dlurce turdudrdin regios768. Thhe smMDSF:ETco@@nﬁmﬁ@W exysta jawentation silicon is

dopeé\ﬁ&%gpesdobdnpﬂ[he scﬁlyc% Emd2t§an{r@ 15:@%8 Iom)anq NMF@@. 56 is
ori enfed substanti al ort%]o onal to the

FET 60 __ .
[43) £ of isg! layer fspubspquprtly d§ﬂ°F‘ eE ¥ My Rt SASUF A7t H@NDS?‘L\ &iBiiire 27 is heated to
react ﬂegieema)'&ﬂwnl{ W8¢rly(Bg tsiticanxn de sduay @nd Gin spidnsyBtaed glteddchraldess to form
metal sﬁ% g{jcoggcts% n tFeoJoF]@éjanQMS{n régn)ﬁs é’\BtaH’l&ltthg g%te%lzctrohég 6@ &§ §h§M‘m FIG. 18.

I ments o resent” | nventi on, %
[44] e| BopaFabPdipets %@eeffﬁﬁsr Wé%onpﬁ?/‘s*ffv%eo% is, foamedsvith ap fpgpting BOX
layer BDsoahat the el §6Sn Q@erab the firQ Gegdme6, dirshkilioh 1a340@2 fhe sédoed region 88, and

the seg(?aﬂtd %bcoo)xg 'la‘;:%ék B\lyt? th1r %?S Jf(yg%l %\% S%)?;%fxcgg i SO %(sl 11&&5[11%t§dlﬂ£ r?l%sf The BOX
layer §h it feraedbyed @MQ)bgfgcepsayI@ ghe SEMQGX @roprit: p@fgﬁy@nw are unplanted into the SOI
structG@RY 1 tdialempbi@hdalsi Ir iRragt hrﬁlerﬁ\lﬂﬂ oﬁﬁg@h iong 81 &6 hmplaHedSinto the SOI
struct%rgﬁi/%t r?? lélr%?\ggl ma Hl(ej ra(rjléeaéf Fraorﬁii(a{a)- Zdnl%SISég ﬁbouﬁog kg\Pr Igeag? Q&ge in t?e range from
aboutd dpalit’ idnsrph’ae al@dt 5 Orvt ¥’ tlhe/mso uﬁrf@eloaw@laawmnnthe&@léﬁsqtm%l is annealed

at a te erglgﬁ_?ptgf':ra £ oG K3t 1b4veC d)ea‘lﬁfélﬁ 400E ftﬁr MDIOPIRboRk héhrs As illustrated
ar e ansi s
i IR B M ST 7o h Bt PR DR e i Gl o reion 5,

and thénd ragiog PO asprefdusly desaibed ai N enbodi nents of the present

[45] l n}ﬁean%lltegﬁte e%(;dmt & %%ngent §1%fbna§1e BOR @J%rQM dbe?. not extend under the third
i Iant ed into the source and drai n extensions 70 at

regiom f0-j dpaschpxide; BaTk des Be BIMedhyt the sseonpregian Ph AL EppYpenal deposition,
photoaihﬁgmtpma aXd &hinkDechroqusy, efotantie tind regioh Shfrat damageeheng}ye @xfygen ion 82
. . If the transistor is a
mp la%hl\/%igg%l,r&%}{tgégnedq%%ctgﬁ?m?gl\égnpl anted into the source
and drain extensions 70. In certain enbodi nents of the
present invention, P-type dopant, such as boron
di fluoride (BF2), is inplanted into the source/drain
extensions 70 at an inplantation doseof about 1 x 10"
ions/cm to about 2 x TOL5 ions/cn2 and an
i npl antati on energy of about 0.5 keV to about 5
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keV. [40] Halo inplants 72 are optionally forned in
t he channel regions 74, adjacent the source and drain
WO e@s065968 of the MOSFETs 58, 60, 62. The halmcnUSﬂmymBam

[ ant.s d n o LV
[46] m:f‘Le embocggllgntsa(gfq e ap?ersg"l? vﬁ%& s%rg‘fl% el gljggdpdggnél?t)ﬁﬁl%g ev1ces theg combine the
perfcvm@cmrp@vqﬂﬁw afitd teplmologyand @ptfrgmailigothgrysiah oraanm@d Semxconductor devices
manufm}ea NccdrdingC R énflodimei ofl il Bdsent Ghivehtld@ PInRE @ldteased hole mobility while
main}, aerBlé ?Pgh Ol tron m?emlF)ﬁ In acirdqué ﬁ%mlconZuctO{ dev1ces acco%mﬁ to em&g&hgfﬂts ocg the present
invergipn gge @:RD@@Y eéfSO tabtcdgh hele wolitity ispmdingirgd @n@lwrdltmfd’mosf E%s @t are oriented
subst%aliﬂﬁﬁc‘g@ﬂgto A o@é oh H@dnaﬁmtah@mﬁa@\wy of -from about 7

event mer

[
) of Vet @oRBaRa A it PP FTGe i of fuet e Syaal) ey shoutdno
be cofistrued| tp limid| tdhe tlpiom, Atihdear foroesdfotdiharyekitl agbe aptf the inganhMSTesiks encompasses
a wide Sane@Qf enfbBdifmés rQ?slealfyl il ndihust i ng the hal o dose.
[41] The heavily doped portions 78 of the source and
drain regions 68 are subsequently fornmed. As shown in
FIG 17, sidewall spacers 76 are forned surroundi ng
the gate el ectrodes 66 by conventional nethods, such
as the deposition of a |layer of insulating material,
such as silicon nitride or silicon oxide, followed by
ani sotropic etching to formthe sidewall spacers 76.
In certain enbodi nents of the present invention, if
the transistor is a NMOSFET arsenic is inplanted into
the heavily doped regions 78 at an inplantation dose
of about 1 x 10 15 ions/cn2 to about 4 x 10 15
ions/cn2 and an inplantation energy of about 20 keV to
about 50 keV. If the transistor is a PMOSFET, boron is
i nplanted into the heavily doped region 78 at an
i npl antati on dose of about 1 x 10 15 ions/cn2 to about
4 x 10 15 ions/cnR2 and an inplantation energy of about
2 keV to about 10 keV, in certain enbodi nents of the
present invention. [42] Because PMOSFET performance
can be greatly enhanced by fabricating PMOSFETs on
silicon with a <110> crystal orientation, the silicon
| ayer conprising <110> crystal orientation silicon is
doped with a P-type dopant in the source and drain
regions 68. The silicon [ayer conprising <100> crystal
orientation silicon is doped with N-type dopant in the
source and drain regions 68 to forma NMOSFET. [43] A
netal |ayer is subsequently deposited over the SO
structure 27. The SO structure 27 is heated to react
the netal layer with underlying silicon in the source
and drain regions 68 and gate el ectrodes 66 to form
metal suicide contacts 80 in the source and drain
regi ons 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 formed with an
i nsul ating BOX | ayer 84 so that the third silicon
layer 40 in the 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
| ayers, as illustrated in FIG 19. The BOX |l ayer 84 is
formed by a SIMOX process. In the SIMOX process,
oxygen ions 82 are inplanted into the SO structure
91. In certain enbodi ments of the present invention,
oxygen ions 82 are inplanted into the SO structure 9
1 at an energy in the range of from about 70 keV to
about 200 keV and at a dose in the range from about
1.0 x 1017 ions/cn2 to aboutg-1.0 x 10 18 ions/cnR.
After ion inplantation, the SO structure 9 1 is
" anneal ed at a tenperature in the range of from about
12500C t o about 14000C for about 4 to about 6 hours.
As illustrated
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in FIG 20, Aplurality of MOSFETs 92, 94, 96 are
subsequently formed in the first region 86, second
wo e®so62788, and third region 90, as previ ousl yPCT/US2005/043398

Whtdgicri ?ed [45] In an alternate enbodi nent of the
i nvention, the BOX | ayer 84 does not extend
under tE?enLJShJthoJo%@éeQGm&ngA hard oxi de mask can be
formed over the_seco ron 90 using conventional
d epysiret bﬁwha"‘ﬂ%b@rﬁlcfyf‘ﬂ(?@?“é% and et chi ng techni ques,
t 0a RtQisaaing lahee 14 lsneﬂ;dngrseugstmma&asf rom damage during the
Oxzypglﬁglt} &le?’(@l ldg@%\%ﬂﬁl él_gldtﬁl%? gu (u?éla}re?gtl Qﬁkreﬁ'ﬁa ﬂﬁqm&;‘@ayer 42

second Teglon I ments of the present
comprisgs i 'Bﬁm%)‘l‘ Berd ey ag%w&*&hawaa? %f?ﬁ?fl gikicon fapieg 25 comprises
silicorCIQRTAg A€ sctdh@ ciyQal badntiBsICed i dRtOMeiFetat is subftanbilly ottBaghmadl dgyrystal
lane FU%{OBs1moMQ siicon crystal orientation. Sem conductor
plane Gevi ces nand?actured according to enbodi ments of the
present invention feature increased hole nmobility
Whi | e mede Qérﬁi’:dﬁhl@@u Bdv@gh abamf kdaimaDivhdrdiy saidl fitstaid dhd de@dnd 25 silicon
n1con9gctor eV|ces4§ccord|ng to enbodi nents of the

layersﬁFesgpérafe RPEREREE “4°8 “Confi gured so that high hol e
nmobility is maintained in a plurality of PMOSFETs t hat

arg ori gRteficauRet advick abdoMin@td ANGON &hrthtroRpskhg Qt thig! sil@Bn layer 40

ane of the device. [47] The enbodi nents
°Ve’1y“lgluffgr$51t‘glt§ in the instant disclosure are for

illustrative purposes only. They should not be

COpSt r upg séngcolnﬁlmol: detu@ceacédrﬁﬁm claifdSs, Wierdd s%ﬁrthlx‘ﬂ(s’lh&ﬂ@ay&f 40 is separated
rdinary skill in th Sia‘)é{t the i nstant disclosure

from Séﬁ‘c,ﬁéﬁ‘rﬁ%f’é‘g gegond 23 5ilign {?écrr S UIAE LSRIPBY 1 Prent s not
specifically illustrated herein.Wat is Cained Is: 1.
A 5sem C%@%Eo@nﬁucgﬂ{évﬁg a&&%é losﬂlaq}grt @e&%basﬁdf)gﬁlﬁ éb862 58 is formed at

having a first crystal orientation; a first |nsufat|ng
each qf gy Efst PasoeRpd £ ?‘Pdﬁérd§8FIH°°§LPé5§‘f rate 18; a plurality of
silicon layers overlying said first insulating |ayer
14 Whe,&% tﬂo@offfl %/ s%ln cor?dggord%& oxﬁgnsﬁlgnp“ ses silicon
havi ng a seconcf orientation and a crystal
pl rpNédingzsidicep- @ere,selﬁter ssrpqtqr%@ﬁlpvsawrﬁ@ slicop pyptiatsd & hayingp fgsherystal
orientht¥ | kvﬂ@a ﬁr@ﬁnsﬁl@@r@ MFerQh Yostheall the@doh exiatadisit ﬁnzoﬁlmﬂsr 29 R ig k &bond crystal

orlemglon and a nystfilﬁ)lan? overs){sugg SQI% hrsl 1nsY1 ap r{gtlpy%gl%n al 2 t '?'hte he cr yst al

[ emp\gd)mgdll;gpmsﬂ@g\/quhsgata&l@ylgg tﬁgse@@d efysia! grieptatiqpiaad g¢ryptal plane and a
secon® ﬁ'sdijatlflé 15)%¥ 248mRM6h sﬁﬁ@&&di satatrfid, Wh& QR sdi BYRhSsildbsubstrate 20 comprises a

e BRSSOl BB B B e Sion D
C Oppdtingssaid gecandtstiicandulsirdtq @Omsaidaywn ahOnsplgler tit'wfwg thtqqél said second

msulaﬁﬁﬁh%’ve{ ﬂtaﬁd <hfd- ﬁrsfl'sﬂlc-gk| faye? ViR BEed Wstaﬂﬂ‘éﬁb Qﬁhe‘%@&;ﬁ’d' HicBPsubsrate 20 is
aim 3, wherein said t

°“em§desﬁ%ffaﬁi‘3@?ﬂ orthogppldyipercrysia %‘?“e&@ﬁ%%‘f& g‘é‘@dﬂ%r 1ﬁS*“’gl li con

| aypbise dnyl rénRSing it sqgndrsdigononbstrdi 20 BongThelins efildwndlddrong behind the

i o fl DGl sifilofth % MAEGRL AR MR GR8R, 62,

Seconggydllagﬁ% lgﬁ:rg at each of th fir st1 420 1élecond 55 and

third 40 silicon | ayers. 6 A nethod of formng a

sem C oNTH4Ghetod d)E‘fdrﬁﬁg @QBaPpicodidig de‘{iidfeoacbcddliiytoazlalm 6, further comprising
removing, a ;%‘P&n %P hle rs1esé dasﬁh%%m ta)t'e; %: ts%&% &Qxﬂgﬁé l%'ep 94 q}rJt Isﬁl;sb'i) layer 19, and first

slconsusra[{ aving a first cr
insulagipg layer &t fodprmy firpt cgerfingr39tin p Heshiegion pighy &l ? OMSUFW fgHgture exposing a
pomotlb%mrﬁrs’mﬁkoastfbh{a&tls -shd i con | ayer 19 having a second

%S%v?rllg ao{ﬂlrt%glton%e spcor?dn Sdlffﬁn Fay%slg and Peconla msu atlerllélly)JeP,.g! t%q’!)rg a second

first irns g
opening 32 in a second region of the snllcon -on-insulator structure exposing a portion 36 of the first silicon layer

19.
-9-
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providing a second silicon substrate 20 having the
second crystal orientation and a crystal plane and a
woeBoen7ensul ating | ayer 24 fornmed on said secamiUS2005/043398

supstratrf mm&rai Iadse&%melmsaévk@ Q&m%mp%& EI&7, 4fhther comprising
es a ne s 22 created l'ant’i ng

conpri
fmm%&&g‘iwaﬁesﬁé o wleaal?a? e Gy sbeor %?d’ﬁe“é‘l%é'i‘ ate 20;

bopwmiving epigeikidl S0 irdths ifirst 60 @Ands seb@ikl r3at qperidi}s t po@dda silicon-on-insulator
structﬁllel“lltﬁqr&ln‘arlﬂll:cglslk%xaztoq{avxﬁ'é t;xé'lﬁrgtl'&')fs‘tar &Heﬁ}hi% mstﬂt!: ﬁlrstsrgg(}&)%q of the silicon-on-

Insulating | aye and said Tirst [icon layer 19,
msul%ﬁéﬁﬂ%f‘atﬁr% ﬁécoe grgrt %?r Ahhaying thersegond 0%6 GFientasipn Pr@omcryswl plane in the
secortd Widg o 5@ bEth@ Hlidos-odinsuitk @fhctite et &atsécatd sylico o gDibRIng the second crystal
ornen&nﬁ aad X rgsq ﬁgheaga%tagnallg hr%héénalstg I lrylst(a"loplrﬂacr:nltz) ?}theu 1r]1 sihc%ﬂgyfbw, 42ina
third &E‘@?@S ‘tfﬁ’é sifigop@n-spulgerseictuse- 22 | eavi ng behi nd t he second

insulating layer 24 and a second silicon |ayer 25 on

]tc gngInl(\:]ln%a 0 et?ﬂqccg E’éd'lr'lnlcri%t OI‘ g:%rg cl:xcetoraéc-%lcer accorIm% tom%Tnm éj flgther comprising
formifig¥ plhality eDingwiating mgjons dfrimsaid gilieonporinshlespr sct,tflctltrh@ igsplgigvald first region 52
from Sulid sk AY Blrd EregiGBGRING irdsiIfiddafilsbdIBH ANE4 (R fhsaill InfrS fegion 56.

silicon layer 19, and first insulating layer 14 to

forma first opening 30 in a first region of the

si 10- conTlermétind Lif dtrping Stseicindvoer dxposicrgli polatm 8h f@ther comprising
formify a MSFET 1581 605 i RO rRUBSLERLL 54 nd ADE 56 SRV BB silicon-on-insulator
ortion of the second silicon layer 25 and second

StrUCtF‘ﬁsulatlng | ayer 24 to forma second opening 32 in a
second region of the silicon-on-insulator structure
exposing a portion 36 of the first silicon |ayer 19.8.
The method of form ng a sem conductor device according
to claim7, further conprising form ng sidewal
spacers 38 on sidewalls of the first 30 and second 32
openi ngs; and growi ng epitaxial silicon in the first
30 and second 32 openings to provide a
silicon-on-insulator structure with a third silicon

| ayer 40 having the first crystal orientation in the
first region 52 of the silicon-oninsulator structure,
first silicon layer 19, 42 having the 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-on-insulator structure. 9. The nethod of
form ng a sem conductor device according to claim 8,
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 fromsaid third region 56. 10. The nethod of
form ng a sem conduct or device according to claim 20,
further conprising formng a MOSFET 58, 60, 62 in the
first 52, second 54, and third 56 regions of the
silicon-on-insul ator structure.
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