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THE SI LI CON- ON- | NSULATOR SEM C(]\IDUCT(R DEVI CE 5

TECHNI CALSﬁ'«F GETF Thel %@@EPNDHG CrEeWEFtHes to

sem condu 1rr, | ng

sem condu ?3 e%rg %g@' y, to an

i mproved sem con uc or eV| ce conprl sing

silicon-on-insulator (SO) technol ogy. BACKGROUND OF

TECHNTEAL AYENTI ON 10 [ 02] An inportant ai m of ongoing

[OI]Tg%m%%%?fgﬁb{]ogtrga %?ofmﬁ%%@%g%v*egdaﬁg é‘g ﬁj ncr%]mng semiconductor
devices Ging Ut padiivulinly, e oonded taricoskbutbicdsice Eltnaquang silicon-on-insulator (SOI)
technotlég?_nsi stors, such as netal oxide sem conductor field
ect transistors (MOSFETs) are particularly well
suited for use in high-density integrated circuits.
th ze of T and ot her devices decrease, die
M@%@%N&%&S /drain regions, channel regions,
EOZ}Aarudlpgantea:@I efc brzoide sesedrelt e the evmic@gycta | isdyside 6r @as®ing IsBmiconductor

perfor{n%]e wmﬂedegr@é;h@ Eov%f- ccﬁxylﬁﬂphmlsc':n%en@;]cﬁf‘%w&r méxﬂa%s‘é)rs such as metal
w th short channel g hs makes it neces

onide P 1 CLLGh B SR OB PR A (1o 8o S dieh-ensity
integrjteinrtiinss e @zeNERIEOSBEN yndtotealeGoesl ddogebses thd diglérfibussit grrcefirain regions,
chann%} q%ﬁ#oﬁp Bxﬁ%atg 9%‘@&% of th@&e@més hafso ﬁ&?&%e | since such

usi o di sadvant ageously contri butes to | eakage
(031 Thaferigsrtt § Vs P IFORA T BARADYNT: Shpyeorar renstie malsh Sppegay 1 provide very
shallo® Qbtir @ &lady jaicﬁ]onjs UStGibv0 [actioks atefheaasgalhlt@ ko9 Serantiffuion aritigltinted dopants

into th% changé? asb ce Quch d?&lsﬁbn agvag{’?ige%%s co}{tn%ute%qy}eglgg éu%nts anél d)oor breakdown

or mance anne
perfor{n@)q;? @ralltiwc @fﬁwd ﬁmnngr@p(g]p,dylth(ag@p}neqs &8 le?cﬂf‘é?g 9f 15901) é\/\% lgsp@re generally
requlrécﬂf)l@&btﬁlﬂb ﬁfforhﬂmﬂ:@ IrSsB&E@ann&ma\MeQV\/' junction devices. In
[04] Slpxcorn -n}sﬂgors%g i mo cagg‘ é%r;glpst tge\r/] %g\?&%%f 9 s%gedb%aﬁo%vdﬁlilt(l:ctxolgdewces In
addxt1®u$ié1tdp‘a¢eelmpa>vmnrfp@dn@>bw ehducfBEXysitic umlmm@@cﬂ@lice silicon

- [05] 1R Qubgtﬁatef PEREHQR BORPES n%y&ftsﬁhon%ude £ Oone PR ingR crystal silicon, and

si ng rystal silicon thin_f or ned. t here
w snep LA DS 1t B a%??oeat‘fa%‘s B e EGE ] GO sbstes ar
knowrB [GBie sucowthod iGgargtivg iy-iretidned Okge:SEPAOE), ivnmeibyrybau ianivgklnted into a
smgle%mg@iﬂm(@bmmf}ﬂm le@oﬁa%y(ggﬂ #15 1on inplanted into a

crysta |con substratetoforma buri ed
(06} Apgtheg e @@E)fmﬁlfnré S eléartmmwaf@rb(}ﬁ%% herEE SYOGPRICARuCr gefptrates with
siliconSd4is krAteBates avaiotded @i AGthe WheH Slidt stifildesSe firG QMBIXCH@F between the

twosesycgzﬁguéas%%ﬁ%/tvlﬁt h silicon oxide surface |ayers are
b er at t‘ﬁsulcon oxi de surfaces to form
€

{07] ApetBOROT aﬂyie’rlq%eﬁt Wt h Cothewhiehzglsosiarales herdoe dist sad secpush esgmiconductor

substr{t&%l}ré\rg@ bhey 1ay$@| ht &16 Bﬁlh:ﬂ uﬁ@ koSthSIYRE ﬁrsgém&oudmb@bbsmtsﬁ implanted with
con

hydr o%eﬁ Bon% ;[)_rlo{ toq)o? 1}go 35 roganewlf };;Emtmg s‘lbseqtl?;ﬁ?lo%%ws tthe &(%roegen ion implanted
semicqngickro ehibsttaleeo e spét f“S@F’FP boxdirgbstptessentying peing 2jtiyn fapigy|oAitioon bonded to
the suMcl &theﬂ%@ﬁd&ﬁ%odd@d?& sﬁédr&f It 0 bo?dl ng. The hydr ogen ion

n Su uen OoWwWs he
081 ied S COHAUCTLF BB EPaE® B B8 S g e By plteine o Powe
MOSHEHQPM@Wff@ﬁO@HBSI widt &3l 1eaystahgichtativn rdheathbry qeieatjaasl <d§0> orientation.

Howewtk 'dleC&meQ{a&Q%@' t].‘@t L ﬂ/ﬁ)S“FE’f‘ f @S}qﬁ) HBeB BFND> silicon inay be degraded
sem conduct or subs rate, 8 Sem conduct or devi ce

comparrdid BT T sl Wﬁb‘?{” ¥ by 50% or nore by
[09] Séndidpndvciat denge porfPmiayq@ecan also be enhanced by fabricating fully depleted MOSFETSs on very

thin silicon films, such as films with a thickness of about 30 nm or less. Fully depleted MOSFETSs provide'
-1-
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35 MOSFET (PMOSFET) on silicon with a <110> crystal
orientation rather than a conventional <100>
WarPeAEHE? on. However, the performance of a NPET/B82005/036777
MOSFET ( NMOSFET) f or msd on <110> silicon may be
reducgh-quprent lo ag%’ﬁﬁ&r“éﬁ‘a‘% tog high pegermpnge sieitsg %ﬁweé’?fl i & SHTigptiqmodity the
threshald<dge ofthliyalapleitd MOSFHID 9th SRdnEaartethhigies, de&YU aCaljusting a halo dose. It is
desuagﬁ rt{) Qz{oe I@\i}(@%ﬁgsﬁol@lw?i&gebgf I@IBEﬁfﬁ%qg %Xte fh%g rahc? ?ORA{ ﬂgshfo{‘qdl \lfOYtage devices.

Is on ver
SGHHOPPCF T Jvices cqmpriting RAEE ETSo‘Mﬂawase @@lff?fﬁlfothre%he@éfoﬂasﬁlwc&vws the power
consughgtidnef @ecfOSFETS provide -1 WO 2006/ 049833

[10] TFQJIH%%Q?X‘C‘QC%O@%RZIB@S L€ Q(? %grei(rzlu{sgneort]tto be ﬁogc? thElC spgcﬁicallgx disclosed

p erf or nance
embogiferty. @emtcorviac%@fscw axued hexely le@,ﬁbladmimﬁftea/gé elemrowiques including flip

chips, dﬁpb@y@dkam&&fﬁesm&m&p ramafofsoxﬁ@hpxb@&daﬁlt ﬁh&ﬁﬁa;ec%béqitibﬁﬁﬁes etc. In
e to.nodify the
eenrfy b Ot P B ptsepee it SEPERASHE SRRy | ow

threshol d vol tage devices. Sem conductor devices
rising MOSFETs with a range of different threshold
SUMMéﬁng@é‘giﬁ'g[@U@E@Qh& he power 5 consunption of the chip.
(1] TE&Q]&EH@ al RJedNiS @ﬂ&dﬁdﬁ&t&{ dRRY 8By aa&vx% @(ﬂt t&ﬁﬁb@ﬂe@ thel Serformance

ool et < e s SR vl TP iy @ et in e
semicprgpdirdievies axf Hea denide ghay cofbingt die trerdminencel énprayerseniseé SO teplgrology and

MOSIfﬂTiS ﬂ)rm&ii"ﬂn@ﬁxconmitih RifSRIRARBICIBIR ASHAERLhESbstrate. In addition, there exists a
ors roces

need lg d élg §r5§ chgrlgﬁslij %g mallcéifl ?t(r)xis %ev{t% é{qggogi messé(%{ tgcgamrj%g/? %p} depleted MOSFET
technodey| odsMP8ftds forocdiny sidtcacharing diffedetirgsel oompriors ionghe same substrate.
Furthe? Sd:€ %Q@QB&H% ﬂaﬂsgnmﬁo@ %HE)HIHIWEJ}EQO%C{OII&JV-EQGJO%pIISIHg SOI

I n sem conductor device art

nee for
sy i D PG MO e e THBO e O RIS ST By Jymethodsiosy
for foSGhg t@ciindlcogyewnad cdmpribiye dep k&lﬁrﬂl&g}x/ﬁﬁFﬂDSFl@E%ﬂieﬂ)g}y silicon having

dxffere-gh&gs?al gﬁ%‘nt%ﬁo%s 911 tﬁeesec‘\ﬂe Luﬂst!aﬂe Fm'ﬁwgmo? Pkor Q}}Q{ a xgegcy h @l a@[rfzor methodology

for a device nbi nes mance

for foppipg GetrRTHCST 8?%59@0%9@@% é%&yhnah@a fbistertrisd AEPTFEY temology, and
MOSEHTE foermga onkiliddn dmrfgerfﬁfeﬁt obyfiiSdriadtatiofs f&ﬂiedilsﬂ t%m@ﬁbiﬁb@

121@ S tr ddi lonn,1 her.e g 15 need,.i,n }
[ ehén?m Ht éc'r ne@&s are mge 3& ceS éurlnl % obrc]) me ts OF e rt&sgn tlﬁve{mon which provide a

semicqngpetyir ﬁ@sccsqmprwe&hmbﬁt@gyiavmaﬁ fogt ccbeﬁal @iciglioNVBERE Tnsulating layer overlying

the sub@@ﬂan(}i QﬂMhty i gliimyErI%IJ IR Gv@Ringithd ﬁ@l[&tlﬁ];aM% \J A first silicon layer
ent ati ons, on the_sane substrat

t Crys .
comprE(asr stdhcg? avluﬁef{ Iirétxcir%s{d oxéenﬁtécgnd arfdna Y sglrc?n ]f%ef comprises sﬁicon having a

secondmstab@mht@tg)y for form ng sem conductor devices

[13]T Md' o%iep e lRE Hﬁ%m%mé ngbofdhuchty o{dfﬁp kx@geﬁtqnm% l%v-l-nch provide a

noo . .There also’there exists a need in this art
metiog gf Oﬁgf%ge&ma'gwmfd&wcef BRI RGeS intistor dpgture comprising a
substxamvmlr @ silievg 5OToverddignind soigpyrata Al d\/iﬁﬁﬁh‘s’ﬁ&mfgdﬁmﬂite@nsed therebetween. An

Openmﬁllg f*ox(ﬁ%@ mhaaﬁfét Pt%xog Qf tgé sfufcﬁl{ ﬁgﬁlsu%qo\l :e% h%{ng% é %ﬁ)n gptge silicon layer

he sane substrate. Furt [ nore, ere exi
and ﬂ*? Arst R ing lover Grexnest TRoLR 654 subﬁﬁatefiﬂrsrm Sﬁlgc%mtm flisp drezowe ino
the opeh@d. C& SecomimpsulainggyeDN fotnea i ok eliyon dratkd iy t[d:&@lex&ﬁgeld the first region to

fornme i con
oo SEELASEORL A8 A6 ISR RISC LSRR 0Bl oD,
[14] T@%H’é‘“@@bé‘f“l‘%ﬁt@é the [ npolp Foreaye imprryech bk presfewsaiipopgoeiomdsyicp yith improved
eiecméheﬂfaﬁitéhsﬁd!bOdl nment s of the present invention, whi ch

vide a conduc Vi ce C
[15]T e orfeff{?mg anc% ot?er at(t:u;,e% éa aﬁ s nd a afng%es 89 tlgp%raserét #%e%on ecome apparent in

the foliloa»y@rde@\}f@rdegmﬂ@n oDge pﬂq@n@utﬁsthnaﬂen takenpih gerdtnptioy v@th the accompanying
drawingd.| i con | ayers are fornmed overlying the insulating

layer. A first silicon layer conprises silicon having

the first crystal orientatiedh, and a second silicon

| ayer conprises silicon having a second crystal

orientation. [13] These and ot her needs are further net

by certain enbodi nents of the present invention which

provi de a
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met hod of form ng a sem conductor device conprising
roviding a silicon-on-insulator structure conprising
“‘!§6’4g§{}gst rate with a silicon |ayer overlyi nBCT/H82005/036777
i nsul ating | ayer interposed

ate and a first
BRIE?#%E%%@F@EW TERRDRAERYHY is formed in a first region
(161 FEFS. the illbttaleci@fortibiion DS GitsQhicblcHs L8 wiy paﬁ%ﬁ?ﬁ@pﬁgd &hd fully depleted

MOSWthEﬂ@bagfes&b@‘?ass' l'icon layer and the first 1nsulatin
expose a portion of the substrate |ayer.

[17] r§é‘1y é?:% \}Iéstféﬁﬁuﬂieaf%waqwns?f k SEbspicondypiomtevibantios MOBIETS formed on silicon of

dlfferﬂxp&yﬂtdﬂguemﬁncﬁleﬁrﬂﬁéjsahlaﬁxﬂgt@{d ng layer is formed in the
the first region to

[18] Fﬁ'} |j90g£egtr%%s %A%}fé,élj’ ?-msulact) T svf%clng% g{] vg% ﬁhet :ﬁlé:o;b FWtescfomp@s@h silicon of a
diffelqnhcryqt?éor@témnﬂgn @jhctnhen-g@kj@prrs&t:@ lay@S [ 14] Thi s

[19]FIGJ\BBnﬂlhﬁﬁesﬁQ d6RS@R b Ia@vidge(%glﬁnsﬁ.r@\r,\;ﬂ%@n {;dlmu%\’o‘?gechnoiogy, fully depleted
evil ce

Sp uct or th
oSt RREE mE B GER et oo G evaed psgingn e st
ot her features, aspects, and advantages of the present
invention wll becone apparent in the foll ow ng

DETAYHDPFERIGREOY OFFHEINVBRTIONe present i nvention when
[20] Tlﬁeaiﬁ%ntl iRveGRR ] Sl fHlds 1R Miuk kb LR %OBG\%Q 'ﬂ%%ﬁé E%n@g%\%ob%%m with the

2 3 US2005/ 036777
beneﬁt&ef %Ea %%%\Ffii?%ﬂdﬁ\{ E/ |t@§_10 opy. Rd/pn MOSRETs fasmedpa silicon having different

crysiaif opiesttioporm tbf sagic SObtrage rfihe prduicibentiod @utiheeprVidehthp Bighdr &lckd/offered by
fully cﬁﬁ&b@t&@ﬂoi@ﬁdanﬁﬂdxl Pogient @Jnﬁgi \Jy{éﬁ:g&-%ut}? Iaift%rexﬁ ¢ Oystnp?nentatlons with the

reduced i of a%sméﬂn“éo@ %‘ipﬁ?ﬁtﬁ'ﬁﬁh"t’l‘&ﬂ‘s ?fé@f ‘é"‘"ém%P&Yh MOSFETs f ormed on

[21] Tl ipvientiyn wiif be Bscdbdifiesopjnbetion whit it fabdtientBhd @RGoctdMvices lusirated
i 5l = rates.a .. . . .

;n he %&Z} 13%@2&5 | nggqu\%eg%r &Su@rls cgtgrﬁﬂri V\ﬂ}}e ?sgfiencﬁatx%eéd igyeption is pot limited to the

Om‘atg’ﬁB G SREFicdBigss l“gséréte‘éﬁnlﬂ}e@@f‘?m@? a different crystal

[221 A orihehdfdbindiy at syaportier aivide Q&rhg%ﬂiﬂ dapltkad-a &aarﬁéxiyld&@aed MOSFETs on a

commclnaé(ﬁ ubs&ra]cglv II bg‘desg’xgoeh Hsy SA cmxcégﬁs]rpggvg(g t?ﬁllml 1§;Jn iayer 16 and an

nmpri sing 'i con-on- |nSU
msulatlaé bqueétlé @ver 1WESF EpstiaigdAn €llecﬁg‘gﬁtt atg helis m&&wﬂiﬁ:@r wadel. @l insulating layer

14 is a bideld @LiAe MHOXY Lafdr eTlQ:rHOI ﬁiﬁﬂﬁéﬁieaxb a@ Elluﬁﬁte@tn' 1@@ 10 E]antog ?onﬁc%r\ﬁ? conventional

t LED I NVENT
tecluuq?%bﬁj[w% S%\rd%%gsn v eRi? gEb O@ﬂ%ﬁe“é@‘qff’ﬁ eA}bﬁ“BETUcWIde%Sfca“ be obtained
from cp;ﬁa@prgbgleﬂ)uwp% ack pe dels Jedhhdaydingootiodew cesinvintbbditb®s of the present

inventifie BRIk & 1@)fer §has aRdrfiddd Lfyabgﬁ @b %%ﬁ k%/sogzgg fg'%e‘@? 21?13 tf%%dtlon of fully

dend 8@ FETs fo d on silicon havin
e L RNy I i PUNG R o W s SR Ao e 14 s s of
from alpp@é}@mto afrwei@t) mon Inf cettdih@ibogimentd das ifvBRioR NN BREENas 4 thickness

ofﬁom%(g‘@g@thyaboﬁgloé)gmdepl eted technol ogy and/ or PMOSFETs
over silicon with different crystal

[23]*‘\96‘.?‘13%%@1‘1&? Fohs: dhickRe fre 18 Feormedioneedie pligondiveil6. Thmeddedayer 18 can be
depositglapabiab & Clenti@n ehirt c&p@ftmﬁ@)\/lﬁ)@ ehime |t09%)6kfac[a 31 }nihgicon layer 16 can be

thermal! \(@ﬁtz& Q{]sﬂwwx 111R38§ﬁ191% ?sr slul? u utentllr)]z d%)%pl ovex t?u? ?x)ﬁM llﬁy%{tlé d%he t}Hckness of

or mat i on sem con QVI°C s
the oxideiyerdE Jp SR RPRIITI R 0F thrgsesertipnention rangeh frem ponteentp blaoy100 nm, In

certain ﬁﬁﬂoﬁmﬁﬁs biie pedsant ﬁfﬁﬂndnmd&ﬁk‘ide@d}eﬂ 18 i ¥8but b 0% &L "hfa nItxjikﬁ layer 20 has a

tluclme% QF Mt 59 ngéaf%ﬁzoos 191? aer%lf’%ﬁ%%qﬂﬁﬁ%ﬁal Jé %@%ﬁtﬁ‘g Ej,l?{auélg‘ 81{3 thickness of the
mmdelélﬁ@woc‘éa ePhful |y depl eted and partially depl eted
[24]An l\@E@TﬁZ Q&uﬁequ&@ly%ﬂid@@;ﬂi@gol%i%ﬁé "1’6 G\ V\ﬂdsérat«%eta FIG . In certain

uct ure rovi
embodlmgnlst; oé" gﬁ: esen ?wef%ona%l(a Opgﬁmg §2n1§ frmsd tp{g:m}vg%;;@?al 3}@08@@4{111;%0 ﬁ@d etching
techniqugs gtug@pqeatp elpg_eﬁ surffippe2dsefbbd substete 12, ICs)ntre}Aﬁnnﬁ:laihbtyht&)graphm and etching
techniques InbIGR YoM QI resis BRer bRS ik 86 RPcdBYE
oxi de ( BOX) aS)I/er Fer e ey a ? urC it 1381%% &haspaﬂergng h& res:st layer, and
illustrated in FIG 1, can-be forned by convent i onal
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techni ques, such as SIMOX, Smart Cute, or wafer
ng techniques. Alternately, SO wafers can be
W%B?‘ﬁf"ﬁ%& from conmerci al sources, such as | bPGI/US2005/036777
__ Technol og oration. In certain enbodi nents of the
g L ﬁ@gﬁfu%‘ﬁ 10 ghigmaye|pogigns qf apeslicarpnitsigelager 20, oxide layer 18,
silicoh biy@ K BLMS tefBcabe 18 @x;manf,ome LSt 2861 thOsueiablie Thehotoresist is

subbeé%& 8} ds?r%géc? i3] p?({\ud% ‘&'le'sbg é 1 en : %lg glhsotgm 6’% Ef@t ge%gase(rrx}]onﬁ amsofgfpic etching
techniqpes inglugdelasion eigidnggpd reﬁqﬁmma%w B@isqtuapio @tdwmw@mitem@@y Parparried out in
a seridsidf ﬂﬁfdﬁa aﬂclﬂn@ﬁgﬁin@ﬁﬁﬁsﬁnt%oﬁn%srhﬁVlﬁfﬁph@ﬁlly ctchBie BQ)&JJ Rt layers,

(2514 secon? ilgjon Rgmﬁel?ziyars r a%u{)saquelht rEiFlamyeE Oveéﬁle ggi[ gxéwtrrgg @ras %gsgrated in FIG.

4. Injcertapngmbecimentsef the eentipn, the eificoh aijréde 116,26 Thviepaitdd dea hiakpeys of from about

10 mﬂ-& aﬁ@iﬁtl ®enm %Qa %Mﬁénﬁlﬁﬁposﬁb&@!@ctﬁﬁu@)ﬁueﬁ B@ﬁvﬁ Alrh/ QARG nitride layer 26 is
on, C e of i con

s B i ghed o Y DL o 1o e . o hov

inFI&.i5l m 20 i s subsequently deposited over the oxide |ayer

£26] Alélect;gg @p&ﬂ&l%lﬁ%ﬁ%ﬁyggﬂ is éxja\?‘n %héj&hclogyu%gtraaesﬁ é{) rt]haf ‘?gﬁeﬁbsnover the top of

nmbodi nents o resent | nventil on, ranges rom
the ORERSLAZ. & ST 1 BICa oS B fon hves 200 HB el iftian as te silcon
substigf: 12.hafigriesendtive epaeﬂmlsmeqn dedrh, @mvdlemhaayl&fmclﬁndcﬁanabq;uﬁsmng (CMP)

techn? ges a}t‘ér].g%lmo %}k]i:sh-lt—inseegn gggc%n 1.%&% s% Qhat 1s substettr{;.lé}étlfé C n%ariar wﬂ:h an upper

'nocert
surfacg B2 ¢l sprorddiven Ritsigelarer Phas shaye ip HIGCTmess of the 35
[27) FRéttredicie i agrake RO btfiotad 010t and Qltofid Rogiohs2 4 AR 1§bnh&ﬁl m &4h other using

convemixS nglu%)aﬁ »?gceflrc]:ﬁ 1s¥1,1_.t¥og‘(§1§) teclll%iq%eg f.?sislg(ﬁ S't I‘ gi trenc}tes 34 af'e f{))hmed in the SO

structiyyp && expesineribeenif@rd; of e sitoe mibsgtL2. |T§ae frenchrs @4 by formed by conventional

photoﬁtﬁdg\/a@ﬁlt: bn@nahin® RO Qds! 1%@%@@2&&%@%}1&5&@& B8 the E@ﬁ;ﬂ'ﬁﬂhﬁ@ﬁf’ selectively
er. S ur, f (0] rate,

b
exposeé e‘P elrndrﬁgd{ﬂe gl?l %:13 frﬁsg ?,péc ohglg, 13&03’&# Elée refng%ﬂ% Plﬁ)u)éeglst to form
trenche’ed} asddustiatrdrin RG. & The gerghes I3ayre possiprrd atohus! (8Glitridd sidgwdlla & such that as
the ani's@cro ﬂ%ﬁkisgg Rl Rk SRR ﬁéha@e 1%1%§Je§ E‘roxlz £y @tﬁmm@qg N 3
q 9833 PCT/ US O 5/ 036 ani sotropi.c etch
281 T e S B lﬁwa% FieEH S oy Oy enionsl CVD
proces jad shoonin riG. 01 Geitablayeulatidmatokisdeé 1ﬂch§1feeqihcit8mtndsadd isitiain oxide. In certain
embo&xﬁ%@s of 48 Bre@:ﬂgn\teﬂt?on E%Q?ﬁ:h I%YO% 34]%143 ﬁl%ﬁ 991?%’]1%911 B)G{% 34 Poo%rlate the first region

surface he substrate ot or esi st
31 and they éeé%fﬁé?ﬁ*qn;ﬁs??mmfélef %V@*&fow F‘H@O‘%S wéﬁ Joy Uil Eﬁ%‘t"lﬁ“e“”i‘@ﬂw‘m oxide
includas shown in FIG 3. Conventi onal an| sotropi c etching

ete@ﬂm qut %t}ﬂrim osl;“llfjcateﬁ)l a‘i’erga meecﬁlgnggaﬁ gg;om%?rg ¢F b&gd’%},

cabX i edw@@'trfapmsegﬂtafe éF@i')S @@n@)ﬁtmpwa@ man eltbcdtmqsg}lesct ppssure chemical vapor

u5| ng ddeg(fsgigle@pclvngy\@A@dr@sms that opti mal | y etch the
rious . di A second silicon

n| Pri de ﬂfnﬁ)?@?a“ﬁ%glfﬂég%ﬁ%§%§j‘ffe 'y deposited over the
[291Pgore Glineyshabessd4 bOth sifign jokilie 36t tharmeldxidmliels@rot sipwn) are conventionally grown

along ﬁl@ Evﬁlﬁ'B@ oﬁﬂb&éﬂaﬁmt éclpzfs bl Q&‘:oén Yi%@trﬁc% 10&@51 oégéeg Qr{?d"ernt at a temperature

of appéthBIfﬁe v QfB%Y]tﬂ]alfo&t 516@& el‘%@ 6ruﬁiﬁx]e é 1sasu%98%r§]ﬁtp aﬁﬁﬁ?d by CMP to remove the
oxide 3é prrgidingorvert e lrmchpsed4. sAlich pasar@vE). thel higrids i lyeic hamdi dxidie dgyer 18 are
subseiu@x*i?;en%ﬁedl & slaé“gﬁ Y gft ’i‘ﬁé llﬁlndeq%lr %@ Qmél a}%} %@gﬁﬁi&lly removed by

onn sel f-aligned sidewal | spacers 28 erin
wet e@ﬁ‘éﬁ‘]l Iﬁ@t pQQsphoé;g agid anefbonpl}y yspdgo afeh Tlg@] pitride |a1éiclgyri§y>guonc acid or a
mixtu@ pf yadsoftadric sd alxmﬁ)ﬁminalyﬁrde BRfftr&l 1de\amh) @ usédte refobe s@iodh oxide layers. In

t . -of he, .

the resﬁfﬁg%%gﬁr é@'%‘fg Ssﬁ’ls nl%};in%tm i1 tf}ei %Eoggg&?ﬁéﬁé lslglhtg(%( &chfsﬂgzimil lla%ea %O, illustrated
inFIG Byer 30 has the same crystal orientatlon as the

silicon substrate 12. After the selective epitaxia

silicon growh, conventionatd-chem cal - mechani cal

polishing (CWP) techniques are used to polish the

epitaxial silicon layer 30 so that it is substantially

copl anar with an upper 15 surface 32 of the second

silicon nitride |l ayer 20, as shown in FIG 7.

[27]First regions 31 of the SO structure 10 and
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conventional shallow trench isolation (STI)
techni ques. As shown in FIG 8, trenches 34 are forned
WP 300089 structure 10 exposing the surfaceP@VU§¥mWWmT”
trenches 34 are forne

med
{30]Axbmsula§ir;ﬁ,ﬁ5¥ E% g({?z%tsn%%eta%eg fimﬁlgggéﬁﬁﬁlv{:owmcegt% }uﬁﬁlted in FIG. 11A. Inthe

SIMOX eiePﬁﬁ%s quesn iopnis fmlmmgntdemsm strgium 10N Gt oxt@is iesbodoments e the present
inventiS¥Obxyg b s t36 En% IA;Qanteﬁ ehemd étx‘ﬁ@tllr)é 186G aﬁ%&?ﬁ' np&e ﬂiﬂ& of from alg)ut 70 keV to

rnln res ani OtrOplC
about 28@{%0 o o °ieh‘éth$ BHEIAT A “bh%’f e ge o Ifodfran G - ehtiggtentaton,
the strugipre 18ds dnhdalgd airagtrgaraiury il hGrangs of e aboue NS0 ESto 3kbuar4e0°C for about 4 to
about CplQﬁ}st 'I@ﬂ%eﬂt@%dxh@lﬁ of] hE Enleg:ﬁt i #GQE%W L 68, n?’ag“lcc%. i 'ﬁ)%ned over the

d ége anlsotroP I's e nit
second SEigB A6 DR ?‘e@??ﬁvwh?*?lﬁlfﬁgtaﬂec SiticisbiFelniges tp prgiect the seoond
region 3Peont dapagehiesng3 caygen Bu bSieglasiis thy fiar€zifd 31 2 chowh tfFIQ 11B. In certain
embodlﬁl‘éﬁtg éftlﬂeeprésaﬁ HIIV&M) e H@Jleﬁ{n%ﬁgergg 9% u)kfx%/g t@ﬁ r}é/ 1e0?1 ans%lthlckncss less

frocess as shown 1 n sulat’i
than therfﬁ‘Flg’F S&f e mylytipglpyghl wialyiapthe picendirgion dhd SI l'i con
[31] As Glisistebged ih BICC @2, tadilly ded@edaMOSEHINERIhS p@u‘lan_t, H@;leﬂaﬁ WET 54 are formed on

the SOf srt%gﬂlrg ég {X gta{e ?J]lfaf;ele AL 3 t%%{ec?froﬁe {aﬁeﬁ 4§ire écw&ed[ cP(gr tb e%r&;ﬂﬁre 10. In
certain ?relg)rlwntsefﬂlesweﬁ wiventi¢nethe eméfrwtrpdm:abr dretiywes polfsifepi dnd gformed to
a tIuckrIeiszﬁ §dud 100 hR o Bdut Whotd, Sitnk g&@&t&&ly@’:% i tﬂ;ﬁéaﬁgﬁme@"&) thickness of about
%h{l t hosi |, J sure chem cal vapor

10 A t out ﬁ% P& El stggy 4 Exg)b clade Aaypatosass, geittfaqngdeby conventional
ﬂWWhW@§§w@2@h@mezwﬁepher|c or sub- at nospheric pressure
[32]Soerenm @{aih eM@ﬁ@ﬁs 48 3(@ f‘c@ﬁ@% 'c&dv%oﬁa’f\F %lag{au&mau s ype of dopant
iny Iantﬁ%f?no b 0 e0)§| dation g 483%3 1asma

P fr g SO o Lo F"é‘i‘i‘%ﬁ‘ SIS T SPRIE ot %f%icae e OSFET or a
PMOSHER e Forgekangdd, d éhelibmsiosis § NBIOSSADWHiyp@doganci® inatell tibahd syuroe and drain

extensmgg MYy ceﬁ!ﬁlg agbchﬁﬁnty\@ t}le%l e@éxt ﬁt'enBJLeNtt}rpg H?@Iﬁ SSLIC%%%&I geH% I]s 1fnplanted into

0Sl1 ng the structure
e s B e o a2 ot

and an igiplanretion feaerdyOof kIBUISLHIGT qol otd SykeP| @IVRY thad€dor By IEAGSHED, p- type dopant is
m1pIantcrdQHQ\ﬁ?e {o@x@e %ﬁ cf?gsrl g&?enﬁ&s §t %pg emgodilﬁe&g of 3{ g:pe%%;?mventmn P-type

anari z
dopant, F’-g? ésrboiog dg}u@ndeg%}gg ésqxa@lﬁttqdyutp gmm/draagexgmf%& af arFpo@antation dose
of abouil Dx 10hBndtint® id sbeutl18y@l i@ ciahedd aX ing@nla8dt&her 3:B80rab&t 0.5 keV to about 5
eV, typlcally renoved by wet etching. Hot phosphoric acid
conventionally used to etch silicon nitride and
[33lﬂafﬁytaw1@ﬁ8| o Eoraesi inl thgrohagnel rpsidniA9e adieerh yhd rsodréetrnd idminapgions 47 of the
partiallyQSSpTBied MOBFHTUQY |Tg@ha(oq#lf>lﬁr@§ A O%IAE with § Bapaﬂt%f é"&)ﬁ&hcttl@ty type opposite

ve si|icon OXId% ers, In the resulting
[

thatof T (0ol 115 B PYS 0 19 bF froHEbySa ci implan in certain
embodimaggiod the BBsensinvesidpna Thdhafor ioniass 5a, @ORridiayeHodidBnts of the present invention,

can be 1@1!1&&%1:3( Qﬁ(ggof a%ng)t E Q IF‘ @jxsfc]xp 10 a'béqt\é\q 1%@90% / né%?ﬁ ?n 1mglantzt6m gnergy of

sulalin
Tom swiig 7 SED GORGEDIN V1 G 5 P Ao siougmat drin regions n the
channel fefionl 2. 'zt étkshont doltdge offHeartibity depieted BOMBE RIOORSHAiHOKIBsting the
hmOmNgons 38 are inplanted into the structure 10. In
ai n enbodi nents of the present invention, oxygen
(341 The; “6%@? deped PP efribecupang difigrogions 42 piaFesepgently foamed. As shown in
FIG. 13,eldevd\spicers 5hae foring @urﬁbﬁncﬁtfg@lm gaf@@léin03@4@4@V0ﬂv@1t10xﬁbﬂé%ﬁodg QRh as the

deposmc}fl Y %J]E &‘t:%s@lapn%s ag:n Elage o asr] gn Ink%te &5t C%P)&‘%ﬁ %ﬁ?v@a%y gmsotrc)pxc

etching tP H‘é"“st{“’r iervelt Waee Sbs Ifaq‘?ﬁ@aﬁf@d’dlatemaoﬁ thampese tinyersion, if thehansistor is a

NMOSFERRAG&iO% tnfq%ﬁlﬁ@d ahout héazﬁogep%c?reﬁbﬂtgl al éinQ@aﬁthon %Qs@ L&& at;Aout 1x 10
u alternate e
omsent 8 an @b 100 G i B G eoors o L B SO Y. 1 te
the second region 33 using conventional deposition,
phot ol i t hographi c, and etchng techni ques, to protect
the second region 33 from damage during the oxygen
ion 38 inplant in the first region 31, as shown in
FIG 1113. In certain enbodinents of the present
i nvention, the insulating |ayer 40 underlying the
first region 31 has a thickness |ess
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10 than the thickness of the insulating | ayer 14
underlying the second region 33. [31] As illustrated
WO R006{0¢7833 2 a fuI ly depl et ed I\/DSFET 52 and pakET/HFI0P5/036777
the SO structure

........ .
transmt%rg' Q %&d oron s m Iaa}w./at de mt& jf e é‘ﬁﬁ’“lﬁﬁip@d fé&“é‘c? rawémqlwg?n of about 1

x 10" igpsgony é)rah@dfi Wé riOItSh@ aotl puiptplaniatich @uerdynr sbo@rtkalV @ about 10 keV.

[35}In eéfbﬁcﬂnﬂ&ﬁh&ts(bff the B%seﬂ{ BRERN, }aﬂy@s@ﬁk@{}nﬂ dl:athere@(gng 8o are formed on source
el ectr r|SeS | i con an

and dﬂim 1eg10ns ﬂ%&g eg gele(stfve Y 34 %wp 190146166 ﬁ?rtagwb%ﬂwntphﬂé the present
inventigip g éOPGG(‘?Pd@“ﬂl lyeeis 2vbdm tosa thiylpiess af from fbowt3emA toabduni (O A@S She source and

drain r@gﬁonﬁbﬁ L@opwseﬂegwe‘eﬂl@}gﬁlp ?ME‘OH&&QM& 1;[ Qﬁre%@&a%GSQ§h%§1g sBNE ESII'L;) and a

ate el ectr ayer are
dopant g?gﬁ\ﬁe]ﬁ’flggmpmerﬁﬁso [ gas ﬁ@é p%aélﬁerdéo P a:%éfiq?pﬂt B mmmre The epitaxial layer
is form¢deat hivivpragee ofaB@} 658tLIp elepuedtd (Tht aprass@x freh sotNSorfB aBue700 torr.

[361In Eé?!%mﬁ’engxa &@Wxﬁc{ﬁts o@m@lare%egnnvegﬁyn%&&t L@J}J I%y%x%?r% loa)g’) are grown over

ant | ant e
the souggp éf}dr?¥ aékfﬁ%éﬂ@ f‘B‘??’s‘;el&%“’ﬁeé’B@ﬁd Shegisepltsliendtyens pe etguy ooethiplmesy such that
the entiNVRBEETIlion lavers BMOBhdnhied RQgn X aﬁﬁl Siticidef coht@(@s §r5 %}ﬁlbds bOkubsequently

deser: 1béc§he@mNM;§§£gie em'nré %ggd sﬁ%gﬁgiers ave c&gbumi:cp 1¥ £ St neceﬁary Qo implant dopants in

sour ce an tensi ons cer'f'a
the raisgdsijison 1psfst s of t he present invention, Ntype dopant,
[37]Me$dll @mclaas(;oa«aaem fre subSeqholi®) ARLAC Iﬂ{étr&sedts&ﬁceséaw Kfatn, xé%&hs 60 and metal
a

O TG0
contacty igdidg densitingr 1’@%’(&2}3}7 suok asatielelt coBals oldgdivinevahigustrudbrk BV Metal silicide

contacts] &2, &Jﬁe fofn@e@%y ﬁéaﬁ);{g theSnefal ngot 1t %ﬁﬁ A% Sy lmgﬁl@&l ih ﬁxe raisled source and

nt e sSQurce rain extensi ons
drain reglrgg @ :ﬁlg é?fﬁ gﬁ(efltrﬂ%né%[é A&rfar f Hzéatzm, %fstg%{net?lrﬂ}]éﬂf Fod\ﬁcts @0 t%’ﬂ@ metal layer
which ditbprd et 16 foorh mats! oile v rekindvediby tiching( BR2)ajsed @umd‘fiﬂd&lﬂixﬂégmns 60 are
needed inﬂﬁ@ﬁxﬁf‘@ep@@&'f\d@%#@lr Y Qurgéqng Qﬁknqggﬁonég'i @ctc%l @é;taé] ln@@l&'%&g%&ce in the

. % 45&10 14 ions/cn® to
in 00 G E TSR 2 Squf*"rﬁla%‘?fa*ﬁﬁ?ﬁﬂonéﬁéF@@Pcmm%wetabs@ld@@wﬂcw 64 of
sufficiegtchidbsut 5 keV. [33]Halo inplants 50 are fornmed in

[38]In Bd&ﬁlczcmﬁxﬁ-!ent o@glkoﬁeséxg T\%Q&foﬁcggbll e%tél e a?dgql tgﬁl substrate 72

reglons
compnswg%&c:qn%w% figstgpysta) p@enfa@falh@amwlmlﬁg BO¥ dygeari¢ angfsiligon layer 76 comprising
silicon IpOmEWGkdond Erystdl y:fﬂeﬁta@cmpﬁ‘s&lﬂﬁﬁated ha&tIGOfS tdre v&&k’srd'é% A a sﬂmon layer

ts 50, ca
having zﬁr{ &éé %ﬂ;ér sgail an(}ﬁtatxog l‘thgz-r!]— Fg szpc%c gl}b al enar owrh%égi ﬁ@ﬂ?ﬂ%ﬂ.ﬂ%ﬁ \g{feﬁ% In certain
emb"d‘*ﬁff”éﬁs% L ﬂ“ﬁ?}’é nwnew, ST Walctrd Wplomprisss S@licon pubgaet i baving a <100>
crystal cﬁxﬁfﬁﬂdh Bﬂﬁr&tsﬂxc&flay%m hﬁﬁr%%&ﬂmﬂ o%)éﬁfﬂrieﬁﬁmn 16280aRS ther embod1ments of the

”JJ dose, of . ab 012 ions/cn? t

prscnt BT B Qo by BRE G S aeiniah 1 Hp At GEP B blegye oon v
76 commrts@mﬂecb@ baving ka0t st otientaBiGh. k BYbrid Habsatisnoph 86 p$pad through wafer
bondmgg&:ﬁMﬁ‘lﬂg vfﬁ@&ig%rﬁts@gxlutoﬁgubggé’fg &%m@@%&ﬁ%h@ta}%‘?@#tﬂ%ﬁ 1§ bou&eg ?o a silicon

el region 49. The reshol
substrateplgly{ng 5|< {P>&@’f}P1€f‘@EF“RID§FEqﬂaM1@%mWé* qﬂ]g pfepeg@m@tmn the silicon layer
76 is foraelft wsitthicigess habodnad on dasey 1@0m] &4}heﬁh@1&§€c&\ﬂhe| BOMIRRE M ranges from

about 2089544 998 sgdPf the source and drain regions 47 are
subsequently forned. shown in FIG 13, sidewall

(391 Theé’&a%w&ens%l ipbiipish f?éawgrumfeffumdﬁ@revws@m igntagipese whetrdhethe different
crystal odiGnthipnsconie RLGoe aad <1met Kedbtons Uﬁfhs agartth 6ne ARRDSHYLskiONn Bis art, the

present ﬁwéx@i&? %Ilphéaﬁ? % %By e, oR o%réqas}ai orie ?aﬁons mglg(gl glr %lgl glb and <311>

I con OXxlI de, ‘ani
Omnfa“@’@c Fﬁ ﬁaﬂ%cw%ﬂl Arehenelsd tenapl m@q@a@@r@m@@xs aferinclged wilhin the scope of

the presc@ithaioient s of the present invention, if the

{401 As 1?]1115? D24 & Stfg% Iksn omde ya%ez l?g;a:_-n rlfcégamfx%?aé%gglﬁaegﬁbes%a?g{; ch]Ellgdeover the
silicon 1%(5(7@( as EIBXIO'J.SM%SGH@d i dnsbpemi2 HG 14 apenihg %2 i§ Gbbed inths SONGructure 70
and an inpl antation energy “%f about 20 keV to about 50
keV. If the -5 WD 2006/049833 PCT/ US2005/ 036777
Transistor 'i's WPMOSFET, boron is inplanted into the
heavi |y doped region 51 at an inplantation dose of
about I x 1015 ions/en2 to about 4 x 10" S ions/cnR
and an inplantation energy of about 2 keV to about 10
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[35] 1 n certain enbodi nents of the present invention,
rai sed source and drain regions 60 are forned on
WQ3Ueed983aind drain regions 47 by doped sel ect i RE&T/US2005/036777

epitaxy, as shown in FIG 14. |In certain enbodi nents

1 gy g dbis SR Y4 5t Paviiae) Bl Hopdt spitadd o fomeid conventiona

photolitBog@ipivmndte@hing teblinfjln s pre@busly damti@pout 300 A to about
[41]A% Q@.lgmﬁdqg FECL;] el8 Oéé&)%ﬁ sf’ﬁ&q nqu@el I%/ §€ Iﬁoc{e]:posned over 2 I structure 70, The

ure of “gases
seconii pikigon fﬂnﬁﬁ 1a§pq 85 I}ﬁesul(sg;_}gm]y a@%opacallﬂ@;ﬂgmo fgaglqeﬁallaspacers 88 in the opening
82. Aydicogepitaar kieh IEQ&QD 14‘@[)36@&&&'@&“/1{9&1 t@ﬁi dﬁﬂie Elﬁcoh Qﬁ)strate 72 so that it

cxten(g aWegﬁ)ep%eﬁm$§)3 1%x1a Sll con eé% 9{)21 @e %ame c lt 01'1@!66&“ 5% the silicon

eraturée o
substrafe B3 ehg SPbstbeterery Gis @\htewenﬁm&fm&md mwmmmws $0.that the epitaxial silicon
layer $036 hubRarGi@lytBhlhaciditieh RfeLsueiid 06l bR e Son@filidoR RiirRE BSERY, as illustrated in
FIG. ilnvent ion, raised silicon |ayers (not shown) are grown
over 10 the source and drain regions 47 by selective
[42] As Blusteated in FIA Q22 teohabexP4 giel fprpetin ta\BOE srugine 7¢ expwimgougper surface 95 of the

silicod slﬂbé&KtQ @fé STHS Y6ddnek Bbdie folnld@ tcﬁmldtcr Skt o891 S the! SO0 ReubB¥ O Hom a second
e contacts are

e, | Cl
oy R e ST P P GRULF PG iah BPHP Ay s gl ssorae
to conggatipna BSTH geclsdessasipregiomlyl capiangl. Ahedreptnsid pr@oditonddSo ROb remove the side
wall PEREEIL e foﬁmh%rm}: @r@l{cheg @Qarﬂws trén@hes bjﬂ §r§ 2\%@1%&’11"1? H}édC\,Q fh an appropriate

ayers, k I'i ci de cont
sulasaRisb A 10 1 TR et MollRaPsLin SuPb e Thindepenid pilicon layer 96 i
subsequely @RisiarEEl g CVEP i8dhniqubh afd thé CdeblRISilGANITAEE ByeP B0 M@xide layer 78 are

remov%é) %\ﬂmlg asg\elgr ! hlexz%tor cf;irllaGIHSS asen%r% f Oqg %T:scrq:e%goprowdet t\le }?ananzed structure 70, as
Show"i%@l%% depositing a netal |ayer such as nickel,

[43]1A€ ﬁbﬁbﬂsl.y d@sfcnﬁelit(ﬂ?gehl 0¥ @ﬁmﬁlﬁl@edﬁﬁtﬁ Hﬁ‘bwcﬁz 617@ to Mﬁﬁ ﬁ{ 1nsulat1ng BOX layer
$ Lido! Cl fs%”‘r L FerSfe enaaidLg of O heat ne
100, a shto ] an a erila e etm odlinﬁn of t e m Gntl(ﬁl a4 sikicon 8)8% orrs]l (EOH gﬂride hard

aer Vifg® 81

- mask lr%pseé?dtsw@m@@i ramh 93@10934 dampge glurgmsmﬁmaawdofgamen ieh BE intoglgefirst region

141@ strute€T0 if @lfb%ﬁdu@ﬁ th@ﬁuafhh ﬁmgﬁfe'a al AsSd dedu 'to@ ?1@ %?’M@ﬁ %&es@ Othe resulting
n reac 0]
Stm“'“‘é"rs Dt B B e aamiBye Edehivhep o FapeiEos S bpgoninsior

configdllamnm wieginoths 0 regive 9P @ndheeahddedion $2hepnipuidel sjticoke pdveg atifferent crystal
or mnteh%l: EchexF?égn St hinEn&dF @lm glre?én{]imreﬁt%notﬁéms%%atu%,g&@}]ﬁ)@ uﬁ%@éﬁl&ﬁlst region

t space i pl et ed
o1 g3y B i B o S e R
[44] Assthuptae d® coptichgt 8 }ﬂiﬂdh@f SOB WJSFET=e Iwﬁth tdiffe&!ﬂn gii®n dr38] lofentations is
subseq@gh‘ﬁgf lﬁg&ecﬁ mqu{m&tm % 541 %atp Eiﬁcﬁg&g 1 6naYl§ ggté 8&5 12@’6:?%4 are formed over

structure provi
the firgt geginni 9§|°ﬁ’¢}Pr§l“B |ﬂl?c§H1°<H’a’“93i’eﬁ§U Brving rasftrst é?Y%lthle@PIP et thy Joppd region 93

comprBing Isiisdal lAbihN g s@@x dr}QMEdSneZtéudﬂn Gofrbd hr@Qifhid a-&’éﬁ&onZGOS are formed by ion
1mplan?a%gp {e%hn{qug in t%e so%x.l"cia e df ajn re%c()]nsgl%’perg? %%0 Tgﬂan{g%i& ?péx xéally formed in the

Ghamlf% empm &i5n glha thaishdld ohtadeay dre frawichgemd HAFETNR, 1Of yot el modified by
adjusnﬁg ﬂh@ﬁhﬁfﬁtnbgﬁ} dbddan the sili con substrate are known as

tat| fers, cert ai enbodi nent
143144 ﬁ‘s“’b ellon? e el s sorogd e e 7{96%96%9?5 kpsposing on
insulatipg gndtdrielomcts asbsitcprabrade 72 shiaan rigida ovel GO>stiucory 3 ald subsequent anisolropic

etchind rltegﬂfy%béal?eg@ﬂgl 19 ax%'f!)rhﬁ(pﬂ tlLe%MtﬁEe aK@eriﬁYénggs ﬂ)7 ﬁylétg?entwnal techniques
Qrientatio In certain other enbodi nents of

sch oy L i s PRV LD U PP @ed s GBI Bags dopat o the
sourcesid drgoregiossvion gnda NVCASFET ¢y fysted by mpiaetmgat tiy@riopanhintb éhetsbi@ee and drain
regions® kd’?' %&ule%%SP%@ Zrﬁmﬁc%mj{ah 3@ g %ér e'ufag&d Iﬂ@‘f‘a‘bﬁ%tu@ Pﬂ&&%’l‘s on silicon

crystal orientation, trates tan
with a t<h]106 E@ﬁal\ﬂﬁ?n&uon 158 FibsoR &yqrégqaﬁﬁsgjgj élsl 0> il @qleﬁtafgmﬁhpcgltls doped with a P-
silicon substrate having a <100> crystal orientation
is bonded to a silicon substrate having a <110>
crystal orientation. In certain enbodinents of the
present invention the silicon layer 76 is forned to a
t hi ckness of about 30 nmto about 100 nm and the
t hi ckness of the BOX | ayer 74 ranges from about 200
m to about 300 tun, 35 [39] The present invention is
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orientations. In addition, crystal planes angled to
any of the above orientations are included within the
‘Vgéﬁﬁé“%$3 the present invention. 40 [40] As PCT/US2005/636777
illustrated in Fig. 16, an oxide |layer 78 and silicon
ypé diipifl pif Eesopgyeid dgih ragiens é%)é'é‘q sibien | aycrf‘:@?uﬁé@g 58P cipfid orientation silicon
is dopeﬁhnhthﬁ]&fbddagéﬁtrto 6w a RMORFENI Ously described. As shown l n

5 b SR 808 kAT 5 SIS o
layer vaq}}'unde{}ﬂ%qihcog iprthiegsowrce ang draingeeionp H7ond gaéq)ql\ccg@gsskqs iq fernypetal silicide
contacts MED, m@:nﬂhﬂ@)uxaaanﬂaraanég'@Qltb)éncﬁdhﬁ%%% kledtdlies 106, as shown in FIG. 28.

[47]In 69191111 emllmcrI Fgfglg oPElw.!a %%S%g‘ i e%%?'ﬂggl ?niuus : rl%)t eglpusmg 'a_lsxélconf%bstrate 132 of a

first crygeed @mdtatsqnl 4 %ﬁﬁ Iamt 1174, ehal ol siigariayg6l3p f dleprod Py odaptationg #gllustrated in
FIG. 25011 pfoblawctfn{e @o? QructhR€130 $€50RMeSinl ab@wanoelvmhlméestépam&ub&ﬁm FIG. 2

throug 2\ ?I&:Z |tci u e nt ag%% qicteg ﬁ\é(g %«l&é‘ yﬁ3§t§gm§mg§ a s&ccgng]'r\yga HGV}E'lvmg a first

crystal @p¢ntagisai amt a Qﬂlbf d@@wd MOSEET 00 wish asilibweryareiit bie sgroodwrysghorientation 148
overly&l e Qbthzi}f@r 13h | inGR Elte&'dll@ %xtnﬁcﬁ‘n%ngc% th% gre.txehﬁﬁveht%nQKé 15000 er 142 does not

V- TR L T N

[48) Tis whbddinghe iliRrated lreth<S@htans tiscletre ere fof Qlubtsitigyiogeguant | They should not be
constnfé!i Fbrlf'ﬁﬁﬂ tEeec(iJaless IA[A%S c%oto %ﬁ B%d%%%& FQI tﬁe!'@tt ik nﬁaxﬁ Hfsctl@fﬁ]e Qlllcompasses a
icon layer I's substantially coplanar with an

wide V%Ft?EYé’F e‘%‘iﬁ?ﬁ‘f“ﬁ’é‘%“"@@e%ﬁ“'ﬂ%’é‘“%@é‘b‘ﬁifms| licon nitride |ayer
80, as illustrated in FIG 21. 10 [42] As illustrated
in FIG 22, trenches 94 are forned in the SO
structure 70 exposing an upper surface 95 of the
silicon substrate 72. The trenches 94 are forned to
isolate a first region 91 of the SO structure 70 from
a second region 93. The trenches 94 are forned and
subsequently filled with an appropriate insulating
mat eri al according to conventional STI techniques, as
previously explained. The trenches 94 are positioned
so as to renove the side wall spacers 88 while
form ng the trenches 94. The trenches 94 are
subsequently filled with an appropriate 15 insul ating
material 96, such as silicon oxide, as illustrated in
FIG 23. The deposited silicon layer 96 is
subsequent |y planari zed using CMP techni ques, and the
second silicon nitride |layer 80 and oxide |layer 78 are
renmoved by the use of appropriate etchants, as
previously described, to provide the planarized
structure 70, as shown in FIG 24. [43] As previously
descri bed, oxygen ion 98 is inplanted into the
structure 70 to forman insulating BOX | ayer 20 100,
as shown in FIG 25A. In an alternate enbodi nent of
the invention, a silicon oxide or silicon nitride hard
mask 102 protects the second region 93 from danmage
during inplantation of oxygen ion 98 into the first
region 91. The structure 70 is subsequently thermally
anneal ed. As a result of the SIMOX process, the
resulting structures 70 of FIG 25A and 25B conpri se
a first region 91 and second region 93 with
silicon-on-insulator configurations, wherein the
first region 91 and second region 93 conprise silicon
having different crystal 25 orientations. In certain
enbodi nents of the present invention, the insulating
| ayer 100 underlying the first region 91 has a
t hi ckness I ess than the thickness of the insulating
| ayer 74 underlying the secénd region 93. [44] A
structure 70 conprising a plurality SO MOSFETs w th
different silicon crystal orientations is
subsequently fornmed. As illustrated in FIG 26, gate
el ectrodes 106 and gate oxide layers 104 are forned
over the first region 91 conprising the silicon |ayer



30 conprising silicon having a second cryst al
orientation. Source and drain extensions 108 are
formed by ion inplantation techniques in the source
and drain regions 107 and halo inplants 110 are
coptivespal |y formed in die channel regions 115. The
tAreshol d vol tage of the first and second MOSFETs 112,
114 can be nodified by adjusting the halo inplant
dose -shown in FIG, 27 ate sidewal | spacers
126 A R R i e s et S8Ry
depogiot/iditgy @5licdbon-Ribilaft: isRGtIRIBHpRsing YChbas:S 'v!riglcepﬁlicon
oxide or silicon nitride over the structure 70 an
lagerpewglydrg saithsubst#e pind a fasidnsuleingHeyer iihtyrpoepkticicbgivons
111 are: in 0 nd.drain regions 107 b
convSrgisa Biatnd haluSOEEE o7 30 FiRoRaprEilts dhéurder
repogingausiriodeaid fikehn layfMMRRGET St Houlameh AYer to expose a portion
/ | apti ng, P-type dopant into the source and drain
0 rsg@isbl grafpiayshd a NMOSFET is formed by inplanting
Nt oy : .Lh . regions 107.
Bec asgg: ggg(f\l/%g%zoé&llﬂg g?lg%r?arirgﬁl{ééﬁ gg\%ﬁg e gér?lég’tqnf} enhanced by
f abriovairigrgpeRMISEETaingriagir | incaid sd@owi gowa isikpening in the first
~crystal orientation, the silicon |ayer conprising,
ie!z‘ﬁg%p“@ﬁ’ & miﬂt‘art@ﬁtl%&eif gﬁt‘%‘?qni tg%&mi“%! Wefesdingne Rpepine and the
subslra¥¥DwiRBGh 94 i hdd; oy Qs 4 Firet
e o e A e R oA dion ¥PFe BRAY o fid firs
regigngp end thegilicpodeyee pyertyang teiservnd tinsointisizllayeoin the Sirslopeon
LWL . dopant to forma NMOSFET. [46] A netal .
°°W£§/‘§°r5'\l?'§°y"§u aé"engua?#ﬂ §radpingn b HEOBISE 0 pivin he firs
insTifesingtiaeetivinke deBoktPRERA complieatslidoRgalBia sccd@&ysti th
underlying silicon in the source and drain regions 107
orighidligxt e el ectrodes 106 to formnetal silicide 5
contacts 120, 122 in the source and drain regions 107
and on the gate el ectrodes 106, as shown in FIG 28.
2. [ 47]Themakod of forreinhadintudhduadr ddhecpicesanl th 04t @Re@in the
SC]d .stu? uct yre 30 %o%?]ri sing a silicon substrate 132
Seqaofd nsupgtingdayey hag HinGREsAL stif dist regimoiess Hpe o thighnesapiithe first
ins@la$inl LARQRA | : crystal orientation,
as iFIkﬁ}gtp rlgta ég&)in%?f@%?é@ﬁ%gsﬁﬁggr& ovi ded. The SO
structure 130 is processed in accordance with the
ste descr in FIG .2 through FIG 14 to praovide
3. 5 oRe TRy ddBiied sSiseed st bepreuing 1o i Pekiber
cothpeihg IdhiRay bibaly Bédls Iy lreLdia | Ainlet
e e o oh AR g MOPrYEkEhy PEARE T B ptered
M(&S%%@h@leéﬁ%lﬂaﬁgi@m-i entation 148 overlying the BOX
| ayer 142. In an alternate enbodi nent of the present
i nvention, the BOX | ayer 142 does not extend under
4. t heTheldeyhodeplfeingdy Mebhcdndifttor d@SicBhEO@HS hy c1dRS 5! fulgd:
in.relation to FIG 11B. [48] The enbodi nents
compniiig roxmeRg afved panthaiddinindpgienoevetkying wid olicon layers.
illustrative purposes only. They should not be
construed to limt the clains. As is clear to one of
5. or d"hamgtididf forinming hecmikbnducte devist atordlhg & €18k 8, further
enconpasses a, .15 wide varjety of enbodi ments not
COIIER BRI ST e SHireie sougeecand]dvein regions. A
nmet hod of form ng a sem conduct or device conpri sing:
providing a silicon-on-insulator structure conpri sing
6. a slbsmetiod ofiferming s sdmicomlucioayevicor@vtding e daind3, further

ubstrate.and a first.insulating |a I.nt erposed
con? e ¢ %ﬁ%l jalo Hli?ﬁﬁw tﬁﬁpgﬁ@hy ﬁﬁ’l?tyﬁgé’[éﬁégg- regi on of
said silicon-on-insulator structure by renoving a

portion of said silicon laygr and said first
insulating |ayer to expose a portion



of said substrate |ayer; selectively grow ng epitaxi al
silicon in said opening; and form ng a second
insulating layer in said silicon grown in the opening
inthe first region to provide an insulating |ayer
between the grown silicon in the opening and the
substrate, wherein said structure conprises second
Tr eg| Hi@smstba@ eﬂfoalpargta fenGoorsiacor flevisd accmelglgcxn&lanarld firher
er 0 Y he second | ti.ng layer in
cop “S%“%S%m adis Ka% SH%%FQ SEACSPY PRI RI .0 §pich Opgryiag
crystal orientation and the silicon layer overlying
the first insulating layer in the second region
8. conpihiegeethed pf osmingadenicandyetondeicr acsording to claim 1, further
Cog{&gglatlon 2. The method of formng a sen1conductor
Vi c€ according to claiml1, wherein the second
I nsUbahing grehetysrinhi@ssidcdrbickR@Bforistu@aledadd r st region
Iess éhan a thickness of the first |nsulat|ng | ayer
A1ng B drepehygs owith pn inselaging metauiabto iBsulath aiddirsioegiots from
Sd@q&&hﬁgegoﬁ§n1conductor devi ce according to claim 2,
further “conprising forming a partially depleted

MOSFET in the first region and a fully depleted
4. The method of form ng

NCS T in econd re
%QFE?%?)HB@W@@H%@@QVG?%@W ermE30 chim hisherein the
sﬂk‘:@ﬁfﬁﬁ\hﬁg e drer dMia d'rf?:hﬁﬁgn UL QEO(@”T%%QEI%l n%’x‘ﬁ% AP the silicon

overlying said Silicon |ayers.

hatipg terrgcendsemitglonttottion hdey Kt Haogankirivgtationc| ai m 4,
further conprising formng silicide contacts in sald
rai sed source and drain regions. 6. The nethod of

10f or fmheghethRiedT (HOMEAL @ ls0hi BANHGS: RGRRT 8N ink %o Eh f?ﬁ 0 Birther
further conpr|3|ng formng halo inplants™in th

copprsipg p fgmiag p NMASKEEREhe frstregibhandderhoug mf’MQﬁ*FrﬁTngl the

sec@nd S spnduct or device according to claim1l, further
conprising formng insulating sidewall spacers on
sidewal I s of said opening. 8. The nethod of formng a

senlcoqg P devi ce accordlna to claim?1, further
nprifg ﬂ@o SIHETSIRedNEST Pavigheomprising:

si | bﬁ)@%@éhk S 85 %sufa%%%ﬁ(u? coqﬂg sn{go;l éu%gtu?tstwgh agiljpon

trenches mnt an 1 nsulatin erial
laygi over iymggﬂanﬂrfslbﬁtrarbmncsaﬁdst mokandg t®g ORSposDd th’EPc&;eﬁEdchOd
of f rmng a Sem.co uctor devi.ce_according to claim
T [RE S RO R Ry RS RUST pansuPysactate by
ren@Wviid Bartion oh@sd &1icdPRFeCIniShd ﬁr@tlr inGAH, lg{br‘%‘ J€a portion
silicon having the second crystal orie I on has a
of saihybsteaty davar; ori entation. 10. The nethod of forning a

comsi el Oy B SR ottt RofHEET T st region and
f or formfihga dEXFRIulbthg Rger i8 8KARHICOR IR in the opening in the first
region to provide an insulating layer between the grown silicon in the opening and the
substrate, wherein the second insulating layer has a thickness in said first region less than
a thickness of the first insulating layer in a second region of the structure; and
forming a partially depleted MOSFET in the first region and a fully depleted
MOSFET in the second region.

12. The method of forming a semiconductor device according to claim 11, wherein

10



11. A nmethod of form ng a sem conductor device
conprising: providing a silicon-on-insulator structure
conprising a substrate with a silicon |layer overlying
said substrate and a first insulating |ayer interposed
sa‘ichﬁgﬁ BEIWNBE: said QL &s@ﬁ‘ti%p@ r%gnfgpig& iHé)'ia?fﬁin% %Qgg?erﬁ 8% into
sai d silicon-on-insulator structur y renovi ng
saftbdqriositedodiligai. d silicon |ayer and said first
insulating |layer to expose a portion of said
substrate | ayer; selectively grow ng epitaxial silicon
13.n SBhImenon iof Gorndif AMdhdcdhdeeP BElitRUbANS JIAUEN1, Wikther
said si|licon grown 1n the opening in the first region
coppristsviosaingrinsulalingatderigllispaasrs dyetidwrenls ol saidopewing.
silicon in the opening and the substrate, wherein the
second insulating layer has a thickness in said first
14. egi Dire hethsd b miy 4 SentkariastopHedifiadcbidsly tonSaihety, Agther
|l ayer in a second region of the structure; and form ng
comiismg fgrningdepiamgdcaipmrpTaidsupetars toirgulategiid Ardneiens from
saﬁH%EMﬁpﬁgkﬁked MOSFET in the second region. 12. The
net hod o orm ng a sem conductor device according to
claim1l, wherein 10 said step of form ng said second
i nsul,ating layer conprises inplanting oxygen ion into
Bsai d 'H‘fe‘B‘a@Pi‘ g ieogﬁnmgg%?}ma@.duq*ﬂédwwam@fngfterciﬁlmgl 4gwherein
saRIBRGLOANBHAL rinéiﬁéﬂn%?e@&?sodbﬂ{rﬁﬂgest Igm%lvﬁg@ai]d]insﬁﬁﬁ N8ewall
conprising formng i nsul ating sidewal I© spacers on
spagcgewal | s of said opening. 14. The nethod of formng a
sem conduct or device according to claim 13, further
conprising formng insulating regions in said
16St r UeUn@hbdd®of fosiiraltsefddhdhiithSdevi@HcONAide 18MaiBall Swherein
second regions. 15. The nmethod of formng a
saiglsHue Y HICRRIESCE BsFPRE TN SPHod apart frbwai saidlidst wegemei and the
154] : r.n .nsul.ating regions conprises ..
it et SRt (e SO RO g 9 AT F S i sticon
havieg ladttstofry dtalrariengitian amdribeNIUE 1Qer SRXIyGe: BE6 FRd Ghaithth® layer in
claim1ll, wherejn said structure conprises second
the, Séﬁ?‘@n%%@@%ﬁ“a%@%@ﬁ%é’i geqndraysiplagicsisgionand t he
silicon | ayer overlying the second insulating layer in

the first region conprises silicon having a first
17cr y dthalmedhadeof fatming azagtidohducson dew@e abayeingay el il Bgwherein

the first insulating l.ayer in the second region

Ih%%#%ﬂygggngvﬁﬁé@ﬁoﬁg%Wﬁ%ﬁﬁfé@éﬁﬁ%§é¥V§P§P”orientation
17. The nmethod of form ng a sem conductor device
according to claim 16, wherein the substrate

18.conpiht sreshasi ¢fi fovminp avemiponthetdt desice acgmsdial to claim 17, wherein

el i Qn. .. TIh hod, of f i ng. ' d
BRI 3 FRPTELGDS Shud B D RAHSA B

groupYSRicoRtiye il atibMations doSaidtithg DECPOG- CIY 8 ak111>, <311>, and
orientation are selected fromthe group of silicon

crygiay RipBes aneicdip dhdse Aeriaitnsst i ng of <100>, <110>,
<111>, <311>, and

19. The method of forming a semiconductor device according to claim 17, wherein
the silicon having the first crystal orientation has a <100> crystal orientation and the

silicon having the second crystal orientation has a <110> crystal orientation.

20. The method of forming a semiconductor device according to claim 19, further

11



crystal planes angled to these orientations. 19. The
met hod of form ng a sem conduct or device according to
claim17, wherein the silicon having the first
crystal orientation has a <100> crystal orientation
1 Sk g L e ¢ . I i
S R S e S e S R
sekordriegyna semi conduct or devi ce according to claim 19,
further 11 conprising a formng a NMOSFET in the
first region and formng a PMOSFET in the second
21r.€9i Db méthod dh rMNO&nQEoddQEIY R8ide SRBIGRNAUEER 1 1, wherein
devi ce according to claim11l, wherein the grown
thg gravaonlicanlayeriis gigmavity doped spediveepietinhdepepiitraxi al
deposition. 22. A nethod of formng a sem conduct or
devi ce conprising: providing a silicon-on-insul ator
2251 1 US inetieodcaPihiaE: AGe@icodsddraleRicdichbpdsii! | con | ayer
overlying said substrate and a first insulating |ayer
i nt FPYERE & HisaBpBTiReEAor sirunte sgmansiop ersiibrgraienwigh a silicon
§dor regi Sal id LC - l.ator structure by
B A s B A R A A s g e
fi r dbrming ahapemgg irey Brst tayiaxgfoarl @li@OFdN-OBulaf stBdkde by
substrate, | agfer; sel eclt [ \(eI% growi ng epitaxial silicon
remaVIDg A POREIGId stifonilngt and B HEstinrylatiag laygr losyrepseaportion
of S&UQuBdtlatcC1@Pergr own in the opening in the first region
to provide an insulating | ayer between the grown
si | iselgeiively ptoeviapeiiant! aiidot hesaisoesinpat e, wherein the
second J nsul ati ng La?‘%ﬁer} has a.%hil.ckness in said first
r egi AV Me 8SCTMAATSUAIR ek DL RidhpLliepueiopindp thepgpingiim e first
regidly &f profida af @&ANENE 8FlePBet@eed idhE1 LR -
éart [ %I 'y depl et edé_%F‘ET in P’ﬁe‘”’%‘?ﬁwﬁg@‘%‘ggﬁ tgﬁﬁgéﬁ%gba&d the
subsiiaiey whegsinethe gecandérminting laiee haee ticknessgh smgd fastdegion less than

j [ rce and drain.regions,overlying said
» QPO (B BRI B ET R S FERPIT g et
senifeatidgapartiatie desietca0COSEENGh iR fik@kfod and b Willy\Rpleted
@gHEJéI,SI ng formng silicide contacts in said raised
M & hsgeenditaeiPegingns. 24. The nethod of forming a

T R S L
depl eted MOSFET. 12

23. The method of forming a semiconductor device according to claim 22, further

comprising forming silicide contacts in said raised source and drain regions.

24.  The method of forming a semiconductor device according to claim 22, further

comprising forming halo implants in the partially depleted MOSFET.
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