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SLI CON- ON- | NSULATOR SEM CONDUCTOR DEVI CE W TH SI LI CON

LAYERS HAVI NG DI FFERENT CRYSTAL ORI ENTATI ONS AND
WORIMGIODSEF FORM NG THE SI LI CONON- | NSULATOR PCT/US2005/036777

SEM CONDUCTOR DEVI CE TECHNI CALFI ELD [ 01] The present

i nvent i onSHLEICAT @S- INSUISSIGRCIVIGONBY C HeR PEBK EgdHnet hods

of manuf act uPILEON BAYERNANFINGY DIHERRENE LRYPdALnpr e

ti cul aPRENTABIONS ANRMEVRAD OE kP CHE SN
RN R RACaNDp e ogy.

BACKGROUND CF THE | NVENTI ON [ 02] An i nportant ai m of

?ﬂg esearch in the sem conductor industry is
TEC €§J§@F%g sem conduct or performance whil e decreasin

g .
(01] Thpommesent Grasisnseliiosntol symiseasheseisties oFd sPpised, mppsfagine semiconductor

deviceb AN Soft faktRularBAl €Nard gnphRt Blem@shdl @ orS@RicE Ohghigih® Kilidob-@h-thsulator (SOI)
effect transi stors (MOSFETs) are particularly well
tCChn"%’é?’ted for use in high-density integrated circuits. As
the size of MOSFET and ot her devices decrease, the
di mensi ons of source/drain regions, channel regions,
BACKLROWHE @F BHREIVEDAERN of t he devi ces, al so decrease.

[OZ]AL qgnkorfgﬂealﬁle&i &3oiag ré%\iaﬁéh- sk | sehicqidadar industeyn gl Bib@dsig semiconductor
perfonﬁinlg% E‘Eﬂo‘{?‘t‘éf‘{?gg EcgvTeelr 8onsu ct)]nsmn?‘ 1ceo%ducIor BSfe&S S tﬁgilﬁtors such as metal

urce Faln | unctions.
oxide jsenmigiots fild effeve trasistars(MOSFIRsD prgl Pprieudarly| wellj spifed dpiote @ high-density

1ntegrété@1r§ﬂg el {HORANE H10SPE P ardd e CdIREWS bcrea®] RE@mSHBES of source/drain regions,

di ffusion di sadyan ous ontri butes to | eakage
‘mmm@ﬂﬁﬁﬁﬁﬂggﬂﬁﬂaﬁﬂ%? %ﬁ%%?ﬁﬁ ng?ornance Shal | ow

[03] TROdesigedf@veaismalfetpioti tongstorwvithshert ¢hainekipreds makes fitgeegspig & provide very

shallo® so&g%ﬁu&ﬁods E3Rtlo? j’uﬁctgﬁsnﬁé' @Lésééryr 16 Gk’ lﬁgalfd?ﬂfusmn of implanted dopants
erformance in s Pannel devi c

into tlg, thr@@ns_n@ﬁ sqch é‘tff‘létPlelS"(l@eﬁa%eOt‘sg"c‘P?ﬁ%l lBegs)}o ela]ragevgunieﬁt% aJLd po]or breakdown
perforfr@ﬁcaaswaw edurdaidghir jsjpaed, wishaihicknass] anrvist ¢rda ofl €300 deg. less,rare generally

requlrecfj t((j)r acceptgble i; gorn}agce Lot &HMP&éSceQ e r f ormanc e by reduci ng

on capacl t ance. %@

[04] Sglg@gqpﬂ@pletor S O0htethaelogy dllenes @B@K}xatpp Y ﬁ%@éedmshag?w _]ue%ﬁn devices. In
additiéh kO€ietises e gerféﬂnaﬁbd'lgheﬁuﬁﬁg)b‘a‘lhﬁdlc indchdn(bﬂﬁpltaad‘ed a
[05] I%?&gﬁgg{%?hlgﬁg g}'fxcl(l,)el (%@%E_)rllmcné de otl s1 1c<l)n cﬁ( &I"Eg %El?{lr%%g:éystal silicon, and
a singler @yskahslivon t@nBlosis dmmed: thbre. ﬂ@n@@ p@?haﬁsi fonabraingrsH AntQl gubstrates are

know XY R&RK %B@X%epamrﬁllﬂplwgﬁ%eh SIMOR), iwrbia bty@éh ik ioh Gnplnied into a

singl e crystal ondsug@%sﬁ]g{oforma buri ed

Smgle(%s@éﬂ‘f@%m‘ft‘? Tolfr?’m[ ed RKEE e hod of forning a SO
[06] ASibthé tfetibd ofl fsrmiveef 2230130l tlitN [y , walh banding Whepsin Swgriemineeiietpiojubstrates with

5111co 3 H)Q(? { gr?atc§ Eyépghgrpboﬁlhédl 153 M| fnd St okiBC Qi thRY RIS BOX layer between the
ether at the silicon oxide surfaces to form

Wms%mﬁmkwpﬁv Taget ween the two semni conductor substrates.
[07]p[thKér s atdiffue SOSnbe chitf] giieh iaBo Sivelvds Houdife Jirst widi ssévndi| ssmiconductor

SUbStrghsp&'[oug?ﬁOXI o?a%errso ug LI rSSmala gﬂfi n§eﬁl%&) nge fﬁs@ E@ﬁtﬁ&gg}égl: Qﬁ)stliate is implanted with

r)
hydrometroiortinbonfie. SThedwipasD mmlﬁﬂihngsﬁyb%wg{@lﬂ?‘? theryrgpindep implanted
senuc\%duaorrk}fﬂfr&ig%%e Is 48 FroR liheMonde® subQRAEE REking Helindy ﬂifnd@eﬂoﬂ stioon bonded to

gntln subs uent% alloms t he hydrogen ion

me“W%%P e % gﬁﬁ@ﬂ "&ubstrate to be split fromthe
[08] Semiealdakts Ulesiter perforsnahaanai the fiythbr anblengedt yi $0%4 g/ wprepy fabricating a P-type
MOS?]LJ’} P%@F@ﬂ%ﬁ %ﬁcoﬁm%lﬁggl Bl Ql%néiﬁatlbmm&ﬁﬁaﬁ@donventlonal <100> orientation.

en1con uctor substrate, con gcto @p be degraded
Howeygiy fhe PRRATERCE 9n? Nevre PR Mg@d T e i 8 gy be degrade
comphrédio ia CARLIOSHHT &nﬁbcﬁo}ipﬁodﬂ%ﬁE?l((OPh@ﬁ@'ﬁ) on SI | I C on W th
[09]Se Sarmcon]ducQor dgxyl%é%tm‘%!dﬁlgt{cé @a{ﬂtaﬁg 'bQ Ehh&é&cfw faﬂr@ﬁfﬂg &ully depleted MOSFETs on very

{1 ona > orientation. However, ’
i et el e R £ JFETROMEET SRBRF BT 7 o OSFETs provide

<110> silicon may be degraded.
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conpared to a NMOSFET forned on silicon with a <100>
orientation. [09] Sem conductor device performance can
wabk@e/ossenhanced by fabricating fully depl et ePCMISIHET836777
on very thin silicon filnms, such as filns with a
redictdrrugéon alegarid alo depiratdOfonhigtoperfommace diddeb.yHelequéreit edlifficult to modify the
ﬂueshb@saﬁgeoml hﬁ&éd@\ﬂ@'ﬂ%@? QK Eo%VJntt%n@ﬁm&ueﬁ REbhas ﬂjustlng a balo dose. 1t s
erformance devic

. desira )
desiafft o R 8“?7{‘]&‘? Po/lg el PR G %tgggagp i t?tft*t" voltage devices.
Semicdmiotbtet dedlicdvIcShitFng MASHE Eowiten tangend| dlffe@cﬁmeq:glésvoltasefohdua@ the power
consuﬁ‘tﬁdlold%ﬂhé‘&iupa hal o dose. It is desirable to nodi fy t he
eshol d voltage of MOSFETs to create high a ow
[10] Tpeh fega Wstlnﬂon\c}bqtqr gcea,e'@;l Esg% hergémscx%ﬂt' d‘ﬂl(’f’? dtm“&b\'ﬂ g@ specifically disclosed
embodifdAR. ISSiniaghdMDHEvkss, vd vsdd haremaing@le @fwiddiviregr «f plbctibbiic deylved igkluding flip
chips, Vfg%% §ka egt%ﬁl%ﬁ‘es tlr!iﬁm@(gé/\%g a& HS glloge"s]sogf raﬁ G&Esﬂnamomes etc. In
ki&ﬁ erm senm conduct evi ce as use er el n,

genertlsserﬂmndt@r @icps Ipfer te alyetsctﬂwédesvﬁeeq@rl% seicededqrpsed

enbodi nents. Sem conduct or devices, as used herein,

include a wide variety of elect roni c devices incl udi ng
SUMBIARY OFNIHEINVENTIONChi p/ package assenblies, transistors,
[ll]TﬁQQ %Qllstg Qf Reed rﬁ q’l{eoé%&%grﬁﬁgt devick aagdﬁpaa&‘egﬁg‘ %ha%%ﬁe@ Sthe performance

ener al sem conduct or evi ces refer o an

lmpméwets rqf I terbtrlogs sed Al doplpigd SENFES rieRiedisys Tlet‘am{%w need in the
semicbAduckénbde VAN %V[IC]E Yjat Thaviss ﬂiélpﬁltﬁﬁ*mﬁhca @fGovieiertsh& SOI technology and
MOS]'E‘:T%[mf ¢ n(? oncsﬁlgc;‘n \Qt% ff%?ent% sta{ %nent%%og ey tﬁ:e salltt%é’%lgitr%tg npl aﬁ%&on there exists a

npr ov
need foyhis ;artde ptoeﬂeel schEfttOt éft,vm dhab ggmbmtfh §@Tetee5@919&‘/s fully depdeted MOSFET
techndibkyl B SIOBFICIQITEHEY Gf sli€dhl He@m@rdtffef'eﬁf cristdll @YibrEdliodsh@t the same substrate.

Furth(%:rgtg%% gg%béqgeﬁ rwlé%;‘g%g antgl oay }C[)OE rpsrmfnig sgmlcon t%chor devices comprising SOI
technglodyfaed fatly depleted MYISFBY iedmblagyi. Oisre ko there e@mnesdmsltlt axt for methodology

for fdrﬂltngqghltzén%tor Rt c@rﬁﬂr@iﬁlé s&1 &R ahdi Mi)S@ETs Fofmed on silicon having
provi de a sem conductqr device that conb

it O PO O 5 B RS ST (SN D iy o methodeogy
for fdhﬁBEEa'rﬁlccfndﬁcl’ﬁEde\d)d% sorhprsing SO&vichglogy,f fukky depleted INM@SEHT technology, and
MO Sﬁ‘f’ﬂs ‘?J}&QJ dngﬂg’ [iklngghﬁféeﬂr@)(sﬁa#‘%htgtﬁ)ﬁlﬁfomﬁ:u '61t1 !ﬂ@ fame 1'le])@tl:a?e

exi st need s ar 'ogy for formng
[12) Thesproed i s HevIeL o e PRGSO e RIE BYpieinghich provide a
sermcf)rlﬂll.ul:tb’r wap cﬁhﬁﬂ;m&%ﬂﬁﬁté 1eekhgne Eﬁggtysta]-mmﬁttcﬁﬂaﬁ@ari 1hs£ﬁl’a&ng layer overlying
the su%)e(trr?? Egnalura? ? rof 81él\<;onc Ig}:iersg%etrz_r%ofrged y@ﬁ%&d&% gﬁ tln? fa gro FATERQ silicon layer
compiiASSFilicpg hpdrenibel fitsh crggtdl Ioég’tfﬁtlh‘a\ﬁpfhg sefPicr Pelrcemtayercy@t)r&Ps silicon having 2
Secon@g@@;{]t)@gntag&s on the same substrate. Furthernore, there

ned| his art for hodol or.fornmn .
5118t o By o s e rGor f SENROT by LG povce o
methadesff tfcemagi a MpBfeRductoe ddvive bapyisingprdviliBSHElfon-bomsmador ghucture comprising a

substr§t'e leltﬁ 9@11335}1\/1%1}@9 OXQfl%ﬁgeﬁ‘l@ ﬁpost&[eyaﬁﬁ q lfirsP [nktﬁzﬂﬁt?ta&& nlfterﬁ &&'ﬁfﬁ&lebetween An
he sane substrate, [12] These and her needs

openifgp fosyﬁde’é? o 70 i SO & B BT 0 BT, o silcon eyer
and thatTirg hsyatiny lagke t@exp@erh p@tichud tie sutdead Iayer. C&ah;'pul\te $p1tag1a]a;1hcon is grown into
the o?eHQ%t [Axastegonﬁ]?’t Llllﬂgg "flaygr 1% %Qtrméﬁrl}{ﬁﬁeaélhcgﬂ %I%'Qltl at thQ Qpeﬁﬂg 1@&6 ﬁrst region to
ayer_overlyrng th rate. ural it
providsfan gfsylqting [fyer BSeees the erewh gikieen ép toiRpPYRE ARG h ?ﬂ‘éSt’iagsul at i ng
[14] Thi Yi¥entiof dilirtsSds tBd hde@Ofr la@ i@fro@d MphisER6 sGhibdnG@r ldewdengith improved
elec Cglcharac{erslgmscryst al orientation, and a second silicon
tr1 onpri ses silicon having a second crystal
[15]The foeqamaa 4nd ather] fqaBires TAgeegte, anth efivartidges of the @rpsenhineentiquy wilh bgcome apparent in
the fdﬁ@&ln%ﬂeteﬁl%& H@érﬁ!ttﬁt‘ﬂ?%' 188 Svetiod BBenRfIRS ﬁfﬁonjhﬁbﬁ&ﬂﬁiﬂpiﬁe accompanying
provide a method of formng a sem conductor
draW‘EF€V| ce conprising providing a silicon-on-insulator
structure conprising a substpate with a silicon |ayer
overlying the substrate and a first insulating |ayer
i nter posed therebetween. An opening is forned in a
first region of the silicon-on-insulator structure by
renoving a portion of the silicon layer and the first
|nsul ati i ng Iayer to expose a port| on . of the substrate

. .
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[14] This invention addresses the needs for an
i nproved hi gh-speed sem conduct or device with inproved
web@enudsenl characteristics. [15] The foregoi nBCHO#2005/036777
ot her features, aspects, and advantages of the present
BRIEF RUSCRIPBIONAH THHBROWENGEppar ent in the fol | owi ng
[16] FREL 8d 038 SR FRbdoR Br ﬁoﬂs&ﬁcd%ﬂ%ﬁ)?ﬁ‘émé &‘r\ﬁ? aﬁ?de%%&‘ and fully depleted

en_in conjunctlon Wt he acconmpany
S iy emesoERDESCRI PTI ON OF THE DRAW NGS [ 16] FI GS.
[17]FIGS1 45-24 {lluste attedortnbtidnfob s Sl semitoffuctar Bte SEIMMOSFEIY Gdr@Ed on silicon of
differ&l@ %%s&?oﬁ&a&ﬁbn & thd B! YngdeR! et ed a”d ful'ly depleted
Is on e sanme substrate. [17] FIGS. 15-28
(I81F]G 120 dHyststtes & Hbeopop-iRaias riresfurey whietyin dhendilicom beteatsr cogherideg ilicon of a
different dristaMoBREI® tHa0 EhH‘EdcoQ—Bn&xbdldt&@ﬂIc&ﬁay@ﬂ fferent crystal

[19] Ff&{ |3% nihl?S&lthﬁ? S%C Ehctor g/?cesc%rt?ls': ] ts 100% ?n-%‘fu%mé ?/ﬁﬁxéﬁloé?' nfully depleted

ustrates T con-on-i nsul ator g
MOSEE dechiolqey.gpd MQ@%ETIS &rmedon sifivan 98differrt prywel oddntagondinfiife@aeryubstrate.
crystal orientation than the silicon-on-insul ator
silicon layer. [19] FIG 30 illustrates a
DETASIHT DESCRIETION QFEECNVENTION Si ng si | i con-on-i nsul at or

[20] Ti’iv[%@%&l Lg\gaxaonfe?}lxdle\é tlgiee;?roa?xgt%g Wg%dthggﬁgpneoel o%%/léqnguctor devices with the

I cCon to¢Cr
benefiof SAL 2l ietedHOSERFeiecburtigy oa/ex MOERFAR IKEDed on silcon having diffrent

crystalDEﬁ@RloE’ﬁh@k Lne Iﬁﬂﬁrakmwlgmt 1[1?6%%%6@&%&@ the higher speed offered by
ena r.oau 1 oNn

ve
bully g CLPI etﬁ‘p CChn B coné%’[g °“3%“C?V8’é§hw twﬁtgrﬁﬁ’greﬂte%@f“f prienigfions with the
feducegmraﬁwdunﬁfmnlcgpad@me banefgs (B Ednblegyhnol ogy, and/ or

211 TRRRLS vJﬂ@Bd’@an@@l i bdnjuﬁ@ﬁn ti'ﬁly 1B Briliclof 6F &0 gem%é(cﬁ&@' devices illustrated
orlentatlgns on substrate. The present

n the PCORRTY EHUTUPE é‘PWﬁF Fdb SR Rl SBEtRnT et ited o the
formatfop lof the gheqificatedicks illbghrd inoigpydramgs.or PMOSFETs f or ned over
[22]A§deth'o@ Qir]fo%x‘igh s@lnfcfxﬁﬁ@&tde&gexé‘tl{?é fuﬁ))}’ Jl Q{eélgxgig) ]@]W c{e et%J‘@&SFETs on a

duced parasitic junction capacitance
COM‘?“e%CHrfB‘PSBt}? wilf *?1df5°fr4’?é sh &0 BFCtHel 10 Iperotedrfiseiofaver 16 and an

insulatih@ ﬂqyun]@tolvﬁl’ymWatsﬁbsttakbel 2f and@biuan 191s tj}ﬂ'lﬁll}szﬁﬁlﬁoﬁﬁ) ﬁﬁtHxC UTQE insulating layer
14 is aqﬁx\{éd %%e 14(#1)5 %ygratrﬁedeIQ}rucnl% 1%hzfsolﬂptr %él nﬁGd{ ot bg%rmed by conventional

techmqup,sv @ﬁl‘ PWMpg Preart Gui H?ITV@&T @ding) @Cwmﬁﬂtwtﬁf SPhwafers can be obtained
from @p@eiclal @oudﬁs)( IsGdASasi Tbis %E%ﬁb@dCérﬁor&ﬁﬁ CHh QW0 Smbobi@Rhtd of the present

menfJEH 00061 L2500 BBl PRGN SR C5, RS Bl o
deplete@@lOI Sericss. r Iaatcertam ¢nibofimendesiahe fyeseht fiivergipn, thk FRDX lagdrrid GibsUr dickness of

from aBddt 5(ﬁrmpfocwdudm M thceRaid lerllﬁogﬂﬁntls it mgeﬁtlcﬁntge ﬁ@X layer 14 has a thickness
er 14 overlying a substrate iﬁ

i nsul a
Ofﬁm%ﬁﬁggﬁ} %f%’¥§mP?plcally a silicon wafer. The
[23] Ad ilestrhted indG.| 2ayreoxidt dayersi 8as fothiield @der melsmeon(la@oe | 'Bhy ©%ide [ARE18 can be
deposmstg suchl :Is%t éﬂgrﬁcalgapopﬁepbgltlloﬂs(g{fﬁ %g tﬂer} SJ: Llh ace df éﬁew%jgon layer 16 can be

fornme conventi onal

therma @zeézu.x 61}1ﬁon nﬁtilde\ﬁgxf &is ﬁ]@ﬁ:@qeﬁt@/ c{e&ﬁg@,ow@g ox1de layer 18. The thickness of
the oxidd lhyer r&atn&bryam cDbbdimaitser the 6@§&ntblﬁveﬂbh &diﬂé&cﬁofnraﬁcmt 5 nm to about 100 nm. In
certam&x?l nrle%{ %k the Ig)lr?sen mvé 1:1015’I ?he ox eolI tgzr 1?'8 5 gboutrﬁg tmrr]lgl}{%( él"he Iﬂiflde layer 20 has a

por at i on.
thicknepsyRf, éleflt Wrim tp h@USiOP P@ohl cp@yemnb&@mhwf ale Ppreseokimestionghe thickness of the

nitride RPQUD is3bbubiDo@m. | €SS, so as to enable the fabrlcatlon
In certain enbodi

o L BT R TR lB LR RIS s
embodinjsiite Rithsrreseft ifvensing, disepéningQ2 mmrfotmed p@utenddiel phomwlithographic and etching
techni G@rtt) Qkﬂbsﬁﬂ)%bﬁ@ﬂﬁ 2@fof i) %uﬂs@éf@m | @BverdildS: é%h%hg%/{%mcla%d etching

techni thlckness of from about 200 nmto a
e ‘qt‘ﬁﬂ‘: © forping  Fosftt &orer oper e 0T siructype IGXIP%i’émg 4y gptterpggith resist layer, and
formed over the silicon laygr 16. The oxide |ayer 18
can be deposited, such as by chem cal vapor deposition
(CVD), or the top surface of the silicon |ayer 16 can
be thermally oxidized. A silicon nitride film20 is
subsequent |y deposited over the oxide |ayer 18. The
t hi ckness of the OXIde Iayer 18 |n certaln

Y T L Y a1 o o r
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certain enbodi nents of the present invention, the

oxide layer 18 is about 20 nmthick. The nitride |ayer
WQQ00ka$9833 t hi ckness of about 50 nmto about 30BCTHEIBS200$1036777

certain enbodi mrents of the present invention, the

anisotrdpicokchmg ST HE SO rubtint 110 deremayeaiortiafl df Sheadioort nifHdE1agen20, oxide layer 18,

51110011 ?a?clr% 29 %%W lg%r %‘légtetgygﬂaglj séif%? 5%@9(}1é le!u% 1§0The photoresist is

ucture n certain
Su"“%b’oﬁ“f?@?ﬂ g de? ﬁ’@ S&F é‘gﬁﬁfe J0ry Eprinam FIG: Be Copisptiong} apisotropic etching
techniqﬁes ﬁlﬁl’u@dashh}{ et&&[g\éﬂm&hcﬂﬁbﬁbn Qe O MhibdtO it aptideCra@dl@rnately be carried out in

a serlefs ogpr]asm% ettc %]slt]elpi ing &Itfgrel?t OS ﬁ)aa?mnaslﬁgf c()ﬂtlmfsll reicﬁ (t:h% van%us (Ilféerent layers.

nven ogr aphi
[25] Aeseechn pilicon aritireilayercd$ it wbﬂew@IdestwqelgV% theSOT sttucttmayé,ras glpgpated in FIG.

4. IntBRiInSEbodihdntiGF HE Sivddtlon, Eﬁ@&héoﬁ%h&ﬁday@t%tlﬁcfeﬁdsﬁ@ té DBickness of from about

resist | ayer, andani so c etchin
1oy Bt 40Ty ¢ SRR R ey SRa: IPT g ot piigs ver 201
subseli@ytbranB@ropioally dwhdday form fe8f-aligriefl ideyall Ismy@fr 281d@deripgnile t’meng 22, as shown
nFIPOX | ayer 14, exposing the upper surface 24 of the
substrate 12, The photoresi st |s subse uentl strl
[26] 1% ﬁleﬁfve\%u@étaltsﬁtéoné@er g)tlf HEYY Ptbthaﬁ 1690 s ﬂéf text over the top of
the offcaing/ 2 bs sbéval in AIG. SOTlleceplltamaEilmbh lagr 3GEighth spnesrystml&lncmketon as the silicon
substrQ q% r@;ftgl tﬁehéeﬁ%w@ @Htmrug%ﬁ{;% V&ov\/tﬂ %E‘Jeﬁtﬁhﬁ ghenﬁﬁi Iﬁ&h{n%gll Igt\)hshmg (CMP)

Ing can a t er nat el e carried out in seri es of
techntﬂpeawsgt erely e @i §4“f?@ leypy F0etodftt atkﬁﬂtslﬁlévswa%nar with an upper
surfade DRAbS tR3bdoA@ilicyn Miridblaydnen, weshovalis FIfi. ff erent | ayers.

[27] F%Ztslje%tontge!éo&dths b{)L gt%gt&m fOr ane eio%él %%6)%9 3% sare ,Fgﬁ&ﬂhl(ﬁﬂl éltcx other using

over strat
convemlceal salloy resh isplation (%Hb@@tlﬁmqt és Fowp H@IG rfi« @?wlteé Pt arg fegmed in the SOI

struct®re 110 GQJBsdiE thé el 32 Y€ the ificdnSutiepoOsi. t BE teRh& ?ﬁh&keﬁkﬁ%& 8y conventional

fr nmto about 100 n . n Ll nal .
phmoﬁ%?)%ag’g‘tc o) e?#”élé %ﬁ%’n&ﬂh‘ & mglﬁcp ‘}5%"5‘%% ;';E? E))e(m% i! |glc \§§P Truptpee Q& selectively
exposing\pad paR&ming ths phat@epise atisofromnétehitzr adirandvilyf the cdwaphing @hotoresist to form
trenclfe@ﬁﬂsgiﬁlllstratai 1h gﬁﬁg @ﬁe%ﬂ@ésl 34 %ﬁ 6 oRed%Boud @l@ futrﬁg silldBlls 28, such that as

| as shown i.n sel ective
R L e fe%m#dérﬁmt S Won
[28] Thel heitliea Beard Ripseg@nishead filled witlx§ sitalde ioapkting Ifmerbkﬁ[ﬁ apby 4 dpeventional CVD
proce%pclg Eﬂo{;}g 61%%(} @%ui%ﬂf%%ullatﬂtg lt;xlagl'talsﬁ_% Jéﬂﬁe SR&OB ﬁffr‘id@ landssltllc&p&ﬂie In certain
he sanme crystal orilentatlon as
emboélmettwﬁhemeglf tnw@onatzemw&w 34 #re filled|vdth pificpa ogifs %66& jsgjpte the first region
31 an8 iteis€0md @EiE30,Sofe BiBNEchGRRdnal GIEHEHCE | file e re@@h 34 with silicon oxide
lncl(pollshlng (CWP) techniques are used to polish the
udae:
epitaxial silicon layer 30 so that it is substantially
cofs) anatetragiiylarthosiligpisdey provire efewiod yapgf deppritios E€FGRA-PCVD),

Si {uh CONpddlstitticl SenbiBEIEOR Azor@ SunS3htc bribub=hitsospiferic [pdsire chemical vapor
SO, structure 10 and second

Fi rst regions
regions ?lnggt 5t%§é§$P}3W1each ot her using
cofwy ent silbrradxidgtiva highvensityetrsia €8B! at i on ( STI)

[29] Ptngtctg ﬁihgéﬁe%che@ WiWdod didE B&5thefnal &)&(ﬁrﬂiﬁgﬁéot‘%ﬂbv@ﬁ Qe Edﬂfléﬁﬁgtally grown
structure 10 exposing the surface t he

songgieeligH SLUBBEF i & 1oh s pRGNET BbT g et ?Hﬁ%&bw ol Siemperature
of aproKin@ely pEIP@Lko 4bh0tl 0doP@. NG rsaarkuirec 10aim shbestyadnilinglarbgze by ME 3q remove the
ox1deI %Céx%ﬁ]éhﬁ]gg 0\%8 BRSH, ?‘t&h@ﬂgﬁiﬁ Flp( éz{ngﬂuﬁt thgr}t &elaég% and oxxde layer 18 are

ective OS|ng ernin
Subse@lwettw@%%tas Sngip solP o8 dheritke kg Qi vl BF %lf’t‘féuy removed by
wet etoﬁi?@,i Mot BhobA6icO4cRiSE Sbnvbibiofally Met 1€ Bielh iicod AjtridSand hydrofluoric acid or a
mlxture of H%dlrdofﬁ %r?cdand ﬂ:rnﬁ(gtéetfmst?ugreic\-ill\;gﬁf%re ’ (li]e e?ch é‘ P%crl o I nct)osvlf %ilc%g ogde layers. In
the reatlnns orucwysi 16 the slivon lgyop &4 ifi the ﬁ@elndtrmonﬁ?’ fisrigodpged Siony sifiedn| layer 89, illustrated
nFI@ng renoved fromthe structure 10. [28] The trenches

34 are subsequently are filled with a suitable

insulating material 36 as by, a conventional CVD

process as shown in FIG 9. §U|table i nsul ati ng

materials 36 include silicon nitride and silicon

oxide. In certain enbodi ments of the present

invention, trench regions 34 are filled with silicon

OXIde 36 to |solate the first reglon 3 1 and the

S o ~ ~ ~ o " o o s Y
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(c) silane oxidation high-density plasma CVD. [29]
Prior to filling trenches 34 with silicon oxide 36,
wo b@omeds3dxi de | iners (not shown) are convent i PCEIUB3005/036777
grown along the walls 35 of the trenches 34, such as
[30] Anjigsulatingd¥iXnlgver #bis sibsequently forned by oSIMOXopryagees divfiated in FIEG. HA. Inthe
smo;t & atygtﬁo&fssaapaomm@%el tHe SREDE 160 rRORALE eéﬁ&%(;ts o the present

structure. uent | anar.i zed
imventiqrp I P B AR i PTG ek CeHa % o HESRAL T abost 70 keV to
about 20 tedranphtadese mzthfngqge frbve alviut 1.0 X80 cawfes ab2@ 14d 09k 6I eAfter implantation,
the strul:taﬁéQb 1s]§ne%fe@ atsal{&ﬁa%%ﬁeﬂﬁ th% rzfngenﬁ\ﬁ%gl abaf@ 1%’6% at)JL]lt El'OéBC for about 4 to

0. The nitride yer 20 and oxide |a
about Wbrs Pl W“Fle%v@adlﬁﬁn%tw BEERi AFIimot %?i%dﬁﬁ‘%i’ﬁ‘f & 1adyrged over the
second regiog Ohusﬁfgtwlﬁmbxiaydeu&ﬁdn tpbotelttidlaraphid, hel@thing tetlintd@esAn firotect the second

region !ﬁyﬂnoéa}ngéy g%l Q 10? ? %gw i th® Ersn'x iojf l 2 Ql(okyg dﬁﬂg 11B. In certain

anmon| umf uor | I oxl de e i's use
embodipgpefdheqirgseng Elﬁeng%, qst&@})@g Lyerpp u{iqq@ynp q firpti r?ggon 31 has a thickness less
than theSthitkheds ldf the th&hlatihdiByes14 unGiRing iy earconlteegtoa 3t.he second

[31]As. 11?1.19%&9 r 1 Ied 5 ?2 asﬁgiyéeﬁ%ﬁlf Tlgg}ljliflng i ns arr%?l? %a)l%%%[(])SFET 54 218 formed on
the SOJ %rug%é@qagﬁtp loyidef layerréd ar@;ga‘g ekptipdiclagar 46 exs gormgdover the structure 10. In
certain bﬂlﬂoﬁﬁieﬁtﬁbﬁﬁ% Pr&edr InGantidd, Ae gdtBleldcBdclyMAE c@xﬁ&fé@%bysﬂ?éﬂ @RINs formed to

coss 0 0 SRy L T bl o o
10 A t) ooyt BB Ar dh¢ o3y ewidedelyei At endt fnee ddcireristiayen46l @e attteapd by conventional

photomg pggaﬁ&tm&eg@[glg& of from about 70 keV to about 200
at a dose int eranefromabout 1.0 x

[32] So%rfﬁ a?d f‘-"@m gﬁgﬁlpnsfS Gre)]‘('orxf lg/ canye 1ona Rflttr%qlanfaﬂm t‘fﬂﬂ“ﬁ‘{ef o’lHle type of dopant
implantedh @t the wodresr #nd 1dDain 8xteusingsadde dbpatds an tvéherthd deviee i a tINMGOSFET or a

PMOSIrEqn g-'gr qumJIer qu%ﬁtor 1% %WFE? AR grgy&orpi%é gQr;r;melIerrd 1?@8% gour%e and drain

bout ours. In a terna
e"tensmﬁﬁ é% dn fe’taﬁ\fi’et’ﬂdtnt?ﬁts ofthepigsept gugien. Nefie dappnt ok 35 pigesép: i {ralanted into
the souicfl@rd SRMDREni@RE #ON aBitplasthtivg d6%R Y Mot 1GNal* ideRFId bHoG?,x 10 ions/cm?

and an %ngllontegg r(%p Dou? 0. eQ/dto tt)ou[1 4 Qeg/ tI? hgangi%or Ba %’I&OQIEELF ? e dopant is
3 t'h

_ second m danage e oxygen

lmplanteemtombt gonrce mi «trh\e ettmsl_sts “r%e dh eertain elnboeeergmfm Ii’fFFeIF- tl@entlon P-type

dopant, bhdB-as bdtorC@ildoRild \BERORp AREd ﬁtomte stt}e/daarueeeatmds By &0k ifflantation dose
first

! | at,i ng, | eIAO nder| yi.n
of ool T R R o ou T LSO Sl Pl et 7 03 ket o abouss
keV. insulating |layer 14 underlying the second region 33.

[33]Ha{o?ﬂn]31é§s Bé Lnlé $ohndd ﬁdché alalﬁl'eﬁ'eit/%%@ %d_]]:ld&ltl the Q@r@é gttde(ﬁiaw oksT47 of the

artiall are formed
partlallyga:)legéj éf%ﬁ: 34 1ide hz}&o w{agts 89(1“8 g)npegyx&h a fapag a g(g{dgctlwty type opposite
that of &k e@ikde @drEdI’alay@[onM arhe hile inbGits 30 @in hehfern®d bylat angied fhiplant in certain
embodllnghtsccﬁ{tl{l ?regen? gi@%%ﬁ% ﬁ%@ tm atﬂg 56’ i §e§t@1?‘x etngc?/dﬁﬁktnts QBhe I)Jg&nt invention,

gat ctro ayer gprlses P l,con and
can be implapediatpgosy of oeidrelds it/cmbp atout Do h rf?ftS/GmaB‘Eﬁﬁtﬂ lettetaﬁm energy of
from abbtxe7 p3t 18 a'@d(tl: slexdvayigilo #éhhlahis 50 Yeveatdryer bOheedrd @nd drain reglons in the
channeltreb 10%‘519 eiﬁc' hag 1Y(g‘ta%el ogcAPzgrtgalléfl Fegy 1ted ]V&%F £l e;r %g rgl(tgcfne ﬁe g%}é acF justing the
halo dOt*:ﬁonvent | onal phot ol i t hographi c and et chi ng techni ques.

[34] Thd &3}11y$?wd%nlm$1 QF Bk Bouf¥ afN&hiR tbgloﬂs&w@suﬁéawﬁ@ foi¥hed. As shown in
1 on

| antatjon t
FIG. V3Gl S QR O PaE b BBl 2P ened ol s meh o e
depositid@ ofjeepgqn d@n@)ﬂﬁtmﬁ]m@th@i iichidingl eilicop anitiide aa siNpADSEeIET, falfowad by anisotropic
etching %\/g%: EISldnglEl s%ém Qn cér{a eﬁt@o&nﬂéﬁ%\f e %fesént?'m@enmlﬁg-[vanmstor isa

e dopant is inplanted into the sour ce and drain 5

NMOS%%& aé??%‘F é%*glpkteted PR *Eeelfee‘ﬁty ﬁoeﬂﬁemnﬁéh fan dpplgnyptionydose ehgbout 1 x 10
ions/cmf Ry #batti 01,10 Nidny € atld pa inbplanGiti@henaigy af s 10, keWSo about 50 keV. If the

i nplanted into the source and drai n extensions 48 at

an inplantation dose of abagt 1 x 10 14 ions/cm2 to

about 2 x 10 15 ions/cm 2 and an inplantation energy

of about 0.5 keV to about 5 keV. If the transistor is

a PMOSFET, P-type dopant is inplanted into the source

and drain extensions 48. In certain enbodi nents of the

present |nvent|on P type dopant such as boron

7 N\ T | . o o | DL
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partially depleted MOSFET 54. The hal o inplants 50 are
formed with a dopant of a conductivity type opposite
WO b@b/0efs33 he source and drain regions 47. The hel/vS2005/036777
I npl ants 50 can be forned by an angled inplant in
transisterds § BYIHS Iy braturiimplantest int the hpyvdgdaned regierned taf aprimplaitpsiondglsgof about 1
x 10" jbibRinARtaBoudDx 10‘4101@/«3&1% Al Bn ﬁﬂﬁ@t@&dﬁ%ﬁ@ P hbolt?&ePERBER 10 keV.

[35] Inii \zlnl%génlb ih Ihen%a? gle ggzsen m%egéoeniﬁfaf\teod ﬁ%‘(ﬁrﬁ ?ng oaﬁlér%g% 68 are)%ormed on source
and drditjsiigmst4d tbiy geped priaciip cpifaxy, rap showrh dFIGT 14 d ctrpingdpbedim®@ of the present
inventi#€ ygiopl?‘ﬁépﬁaﬂlam%aﬁtgﬁ)wﬁ @ PLieMBRbLE HEE BBkt 300 A td Mo 9000 BCndRLource and

. dral in the channel gion 49. The threshol d.
arin $E5P By 55 e s PR PO R UL PRt pegne () and o
dopant gaydi 4 hyédgwalad] gas tHOh gps trhae bévallial tol the BiFL/fPddt cadshnaixtime aVliel epitaxial layer
is form&HOR @Qm?@ﬁt&rh O BouP65h°® aﬁdﬁ%o‘éwt & Sre@ﬁ}g frgrﬁ Qimu{ letgxlr 9)%3%4'700' torr.

As shown 1 n 13,
136)1n E5sip e T lax?ﬁ%ﬂnnrgw?dwéwgna%ersépc& EorBLfEe grovm over
the sout6 arglydrajromgien #7 Bralkectinedpitegs Thamisdd shisod liyersdepasintd Ofickiess such that
the entﬁ'e Ira?s\é@ Elh&Iﬂ 1593@%@&&&%&‘%&#; thlglmetak gxﬁtyed&oqgc@ Ia.lJGIfSIg‘Ed as subsequently

or silicon oxid anlsotrop
desorivg *efﬁ“h é*e‘faasefﬂe&remﬂﬁ Fiseifemar s Bpeewms 5 oy geeesam aymplant dopans in
the raiseiditechi aAt S of the present invention, if the

[37] Meh l%p §1 Sgog{actg 34 Gre 'S ME%S %g ?I‘ et 1nciheI I%ls%drg())% ant % ad;b re 1ons 6% and metal

a |on
s1hcldea%{§fts q_2 age e oye@ﬁlg gegmlgtrg@s %d}‘ppvenhgpal}@@gqqebfqgfogmgg metal silicide
contactﬁﬂﬁu&meﬁoﬁiﬂﬁgaﬁﬁ&l laS’é} s&ﬁ @§ lgMceD tobﬁb @Hﬁtarﬁgn &@Mhé ﬁ’u&Q@ Wd. M8l silicide

contacts P P4 F4 arf % %eafl%tﬁen %tail} lﬁyer ta 8:6% g{ostg élfl(%ﬂ}’l# sghcglt n étﬁ’ raised source and
drain rgipp$ éihtnétgafe nledmske%ofAfafb ﬁlmnatmn xf the tal Givglk cortacts G0 230tk metel layer

which cﬁd Kot 1G4S0 E&ﬁ%‘e&n&uﬁﬁ% x@ﬁm}emg%r Rkt 't’ﬁ)@ 38 Etﬂ%le ?}idn(?gslg gﬁ%mns 60 are
n certain enbod

b 10 keV.
necded g5 e B st # it Pt il oL bR AP Rgiopiase n e
thin ful§0depleed MOSFET 50 Rowe®@LINE dratmnegichs a7 no kegbaiteditetdd yiliddpedtacts 64 of
sufficieSi8hiBGLdi Ve epitaxy, as shown in FIG 14 In cer tain
enmbodi nents of the present invention, doped
[38]1n é'pﬂﬂteafm%ﬂdmfeay%fr the greyRiOWKEItioR & T ERTHES 30 & PpYidseh Wl pubstrate 72
comprisa}Gilibord lﬁvﬁi@@ﬁh&t c3@IbribntANon, tah s @lp BOXaKE ’,(Zh'a_ﬁd $Hlico2 B eP NS comprising
silicon ﬁZVinlgEgo cogx? %13%5 cez)%len\{a%o eﬂa%j Elﬁé%tsed l%nalﬁlgir 5%{ Eﬁl;j wz\ignel;]r% Igoan%a%ubga% tsilicon layer
having g digferpy castﬂyd@egeﬂh@ahersﬂmn splkatate #Cknoga 8s tiybiyd dyientetigel efers oIn certain
embodﬂn@xﬁs gﬂ i ﬁ*@s@@ﬂﬁveﬂ@ﬁ 9 SGIl—éfrliﬁ:vtur%_ mcc%@h&@)é'sﬁ':onl ﬁg%ﬁ'agte b5 having a <100>
re of a 0 abou

oo oot e PR 1 it SHOTO P aisg o G Ty posiments of e
present [@@}tlom rihecalstraie 7 @mpasenslicen bmbledlmtcsysl@lf orietigioprvehile tie silicon layer

76 corﬂpﬂéé? Eﬂléog r]lawﬁgaé SOf> %}ygthlc&i@nt!ltﬁ}fer}@b&@%sté@@%)be%e%argc{ Mgh wafer
sourc rain regions 47 sel ective

bondmgetﬁﬁ'zplgw WhFF?él 3 g‘?@&’do“sﬁu\’ﬁ“&% ﬁawlngyae?lgo frés){aé PIRRJatigngis Bonded to a silicon
substratt havidgraes $0>sargshl drleabtionhin @hdin Ebollidieste off thd Présed MvbmigR ths silicon layer
76 is fofthdd t(?;?fﬂﬁkﬁggs% Xﬁ?&%o%ﬂ% Et"’l'oo argf tEethlglgfg;s §B85(Ffayer 74 ranges from
ormed as_ su sequent y escr i erein ecause the
about 2y tp @bqup}08 @R si | j con | ayers are consuned it is not
[39] Theﬂ;&@s@r&&ﬁérymﬁ B nd)tﬂiﬁnktélﬁb sﬂ@;ﬁ apérs witthditrdrent E@dteﬁ Gxdanﬁhdnls GErein the different
crystal or?%téa’ éOCI]llSJ ent%Te]ﬂ M;t a élc”lléL %Ifl%n at1gr§ngﬁggst cé%ia Focone St cadlaaf%‘sldll in this art, the
present rigyghtipn sis @gpla?bé? tpetny| twe (ilicprd exyste omvicrietions, Gxluding theorhidy and <311>
orlentatibﬂsﬁ rIn bduRiof tyBtalgB&stah AHAS arfl Oof EARNE Btich @AY ark BCIHR QHES the scope of
h 9 ng\rm ng netal silicide contacts include depositing
SRS HETAP™ | ayer such as nickel, cobalt, or titanium over
[40] As nlhetraﬁinm&gu%ear&@nde Neytal8 amd Isﬂlmndlen®dm>team se BBseqdtlyafosmed over the
silicon lfaﬂe'f WQS ﬁ%ﬂdﬁﬁ?ﬁés&@e(i h’@ HRn 3 FIb"ﬂi/?e fn d'pgm g%q; foﬁﬁ dYHtIlJ’SOI structure 70
underlying silicon in the rgi sed source and drain
regions 60 and gate el ectrode 46. After formation of
the nmetal silicide contacts 60, 62 the netal |ayer
which did not react to formnetal silicide is renoved
by etching. The raised source and drain regions 60 are
needed |n the fuI I 'y depI et ed I\/DSFET 52 source and
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silicon having a second crystal orientation, as
illustrated in FIG 15. SO wafers conprising a

W@ 000833 ayer having a different crystal ori ePCHUBZING/036777
than the silicon substrate are known as hybrid

0 expiis§” @i tilpfier SuiTativa R4S 08 the Isilicgesubgiate Bnb Ol prenitgs 8dfis fomaed by conventional

photoﬂﬁc%?a@ﬁg aﬂdrétéﬁigé ie&ﬂrqugs Q@pl&%us@hgsgﬁﬂeu re 70 co rrp rises a
[T con substrate 72 having. a <100> crysta

(411 Ag Hosed iR 510 A S0t Is‘uht"(’}ﬁ“tf‘%“yl@fer 6 lsrésmSﬁfg‘ oaeréhaﬁ%‘ structure 70. The
second £ili®h aitride ldyeT8b d suipquertlf agigtrb@dally etttee ro fardnﬁiéwﬂ&pmrs @8 in the opening
82. A Eﬁ%cmeeeﬁﬁéyal Llpc\éﬁ na[y!er% 'is Euli}& gt?ﬁérgyaﬁ &n t%? of BURA; o%esﬁbstrzhte 72 so that it

avin 0> cry orientation,
extendgi g G NV sby e 6%?‘?15%1500% layer SBrehily PaRg sieh erigation as the silicon
substr@té Y5 Uk SOT du@&thratio 1 Bubseklydaty Idgnsmﬂacs LRt (REP ©ehhiqhe stha [ ktxial silicon
r
layer gsdlrllf Isu%%?]ntls co;elantg qqn pﬁg aace %g gfzth% ér/é'gog? ?}1&8 ?llngedﬁ{i g%rl 88 nas illustrated in
FIG.31ls bonded to a S|I|con substrate having a <110>

[42] AG iiMStaRtl inOHIG eZZt @1&@@4 al'erfo&@& ﬁl&‘lief'S(E sthealicve Biposifdf an uf}Rr surface 95 of the

sﬂlcox{) Sﬁl? ir%% 2% I 'Hlv enc % arg%rmed 1 1so at xrgte o 7@1 :ans tléeL Sgglgtﬁugztutreqo %‘om a second
regiort 43i @ kmfe@shee% ﬁmn@mdl dee)uen‘ﬂn fileglwjthsn frpowwrizibiosmatiz@aterigl according

to cor;va@rQPyltI teoquBdThs pke%g]lsly-réﬁﬁlalﬁéde FRMentHAYRINLd &Btldn@d SBQ§ to remove the side

mted to_si]lico ifferent cr
wall 5P N G 1 FET R CHo T PRI S ity 14 withan sppopra
insulagtig emtrid 96 Nschagsesilichre oxide) @ illasidted 1d G. @B it adtpogifed siligmm layer 96 is
subse&u%ntﬁrl p?a%gnztxpu %{g%l\ﬂf te%ﬂﬁe@ ahy e Kécbﬂd diilod B{rﬁe ﬁ%r 80 laitoxide layer 78 are

present 1 nvention Is applicable tqo any two Silicaon
removt s the psel pRppEftp g, o erlews\afgle%@déi prewids g plensriged stroturs 70, a8
showOihFENRAL i ons. I n addltlon crystal planes angled to

[43] As gyewgus c{g?cﬁge% 2% 2 rugn% ﬁﬂl«?d %q}f &}%Suygﬁfj( \@Anqm Qh &s&leﬂﬁg BOX layer

nt i nve strat
100, qs.s@wnrsFIGaﬁﬁAo%p aealuelast@?mbpélnaﬁ@f §1F frvergen, A silipqn i wélﬁon nitride hard

* mask 36 ﬁt&ts&h%‘é@)ﬁ&'ﬁ@ﬁ)ﬁ ¥ et dﬁﬁﬁgeQMﬁﬁg itlpRnt&ioh bE&XHgdn 334@8 infbthe first region

des |bed in .
o1 BRI B BRk PRy Ry Tl R, e rentin
structares TpdFIC. s2t§Afaa<t &B' ‘8’411)@*« atfhe regionio¢ and ssernd trosion @3 Path siffppa-on-insulator

conﬁéﬁpﬁms nghc%gn bs @ rrgﬁ%q dqyan@ QEXYEN ;e}g@ﬁ] ab ¢ &lé&fs@ Lilidoh Q@¥iR Mikrerent crystal
and etch |ng technj revi usl

onentfltkﬂaﬁ Ag certpin ngfordgxte qﬁu‘x[e ngls?gt 1nEi%luoné,l zﬁl&g ¥qr; lgodlﬁlderlymg the first region
91 hagW thicknel® ldsji@r thaBhickngss dispeoisdutated lowet mdtadw&‘ﬂhe stand oign 83.
[44] A7Q cﬂ%e 760 %{}rf?ﬂ?fémé' l %lgrglﬂy r§Ot1 ngﬁEj’I@yvﬁfh &ﬁerlaﬁ silicon crystal orientations is

se uent ant so 1 cal etched to form sidewa

subsc iR BB EAT HIvHEd B B Pl 08 598 OB iR Lt e fomed ovr
the ﬁﬁt IlegISIoml boatpReingdBe kilicofs LG OQ ey ¥/ g @yl Gibntfd 20d the R&ond region 93
comprlsmé Sl 1con g%%%%rsggogd Zzsetlz?( Iog%ntaagrt i %ogﬁc)éltagcp gr?m%gtg?\: %ng Ttﬁ are formed by ion
lmplastatrm t@hrmsalln ﬂ@rsplémaaq! firjp regions 1@ and lrai%@ﬂla@%wtafeép@nw formed in the
channIlhx%gl§gl 15t leécthﬂéih&d %Oltak S of St BEHAG Rechdd MDA 1176 d 1418k g modified by
g &%chnl s so that the epitaxial silicon |ayer 90

adjusting the $7y copl anar with an upper surface 92 of

[45] Asveovaiein GHE 28i datecaiawalli spacerd d 14 &y &rm@on the gdtd ¢lestodenl @cbyi dapositing an
msulaFﬁgclnatgrgal sv.[cﬁ%l 'gfﬁcdnl dxids bf ti®f nltitieFdvés th gtmcﬁlfeefo%@ SubSuent anisotropic

are forned in SO structure 70 exposin
cing, P51 BPoBIG] SF [T € BUTE o0 ] PR Rina ctniaues
such S 4ondpladt@ioneds grevidugpliadrbeda PMOSFET ig fpirosl b irkploting iypSopant into the

sourcg' gnd ld%a‘n%%(glz 907f da'ﬁ ?Eﬁo%?ﬁ’ﬁ ?or&%lgjy?rg%}g%n% ﬁbﬁ)e ti(l; Gt %ﬁ?tﬁe &)ﬂrce and drain

equent riate
regiors ri%l Becpyre PMRSERT &elff"%@%“é (<eft *r?ggr%asy eAReesh %ﬁﬁ?tgls? OSFETs on silicon
with 4 QCRNIrGtaeSientdtfon heMicaiISel comsidi <1 8Eh. crybfaboriciition kKik®n 84loped with a P-
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 insulating
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 S|I|con nitride Iayer 80 and OXIde Iayer 78 are

o S o o, o, oy
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mask 102 protects the second region 93 from damage
during inplantation of oxygen ion 98 into the first
WO e@oomsd3d. The structure 70 i s subsequently tPEr/IBi005036777
anneal ed. As a result of the SIMOX process, the
vpé dd‘p‘éﬁ i thd sogreSind deinegens 1Q7. dhe HlicGn 19§ Aomprgin2 SB0E ofypeliogentagion silicon
is dopedwétﬁ pr% t(?fo?né RfhospeEnd region 93 with

-on-1 nsul at or conflguratlons wher ei & 0 .
14614 ) ot & SubssavERL GEIORIE FUGB NS4 BT SEVEH B 10 R e met
layer vABVihdegyifi Silicek Rrthe olirysdna kirafarréghomt H17i apd gate dlevtrodes t0Ritmiorm metal silicide
contac S ETH) %2 ixbtgé 0 gtf: anlt qgm@égﬂ%ﬁl@ﬂh ahJ](}ﬁ%t,glatg glectltoti& lbd1 %@H BIG. 28.

e first region has a
[47] Intcma@wwég@m@@saé th stk penion  SROAEBENIEA W@Pﬁlﬁ%lﬂ sdipqnfybsirate 132 of a
first crisY Sentdton BIGX hayérﬂg4 bl siRGONEr 136 9f D5Rc®3 cryftd tidhtation, as illustrated in
FIG. th : ul%t df ”lyhe s‘b‘f”BJ lu?el ﬁg prgceéégdalnl atcé/ordgg;e fs-[ s\%stllibed in FIG. 2
i P PE s con “Crystal orientations is subsequent
through GFGrad. o Pgvifd gmqﬂatdedet?drMW@T léé compgisee @|sdieen ’&Té éﬁ’%mg a first

crystal%ﬂgntﬁ@ﬁ §1d Q)ﬁUIQ %eﬂlé?éﬂ@»[@SFjé@ 44akign of sQicsiRakeD13B lof 4 d2€onfl kifySdl orientation 148

ol | ayer 90 hay
et s GO e B 7 Sy 098 2o
extendamodepthe Billndepkicl MOSREN 340 a3 gream@b'@gqq{jbeé pxyrglptggn to FIG 11B.

[48] Tl% eh@%xﬁéxl{s(?lﬂrstra%al{ﬁ &EindRd i AkW al%)férelﬂﬁﬂrdﬁﬂépu%ges 3h1§. They should not be

or ned ion inplantatio ech
consmzfﬁ & la%%cl%“@@. Srisclepnte oanef Oﬁigﬂ

de vty a@e@bddimetue horeghcificnlly Niestetfadimndd. r egi ons 115. The :
threshol d voltage of the first and second MOSFETs 112,
114 can be nodified by adjusting the hal o inplant
dose. [45] As shown in FIG 27, gate sidewall spacers
116 are forned on the gate el ectrodes 106 by
depositing an insulating material such as silicon
oxide or silicon nitride over the structure 70 and
subsequent ani sotropic etching. Heavily doped regi ons
111 are forned in the source and drain regions 107 by
conventional techniques such as ion inplantation. As
previously described, a PMOSFET is fornmed by

i mpl anting P-type dopant into the source and drain
regi ons 107 and a NMOSFET is fornmed by inplanting
N-type dopant into the source and drain regions 107.
Because PMOSFET performance can be greatly enhanced by
fabricati ng PMOSFETs on silicon with a < 110> crystal
orientation, the silicon |ayer conprising < 110>
crystal orientation silicon is doped with a P type
dopant' ' tn'e "so cei cl drain regions 107. The
silicon layer conprising <100> crystal orientation
silicon is doped with N-type dopant to forma NMOSFET.
[46] A netal |ayer is subsequently deposited over the
structure 70. The structure is heated to react the
nmetal layer with underlying silicon in the source and
drain regions 107 and gate el ectrodes 106 to form
metal suicide contacts 120, 122 in the source and
drain regions 107 and on the gate el ectrodes 106, as
shown in FIG 28. [47] In certain enbodi nents of the
present invention a SO structure 130 conprising a
silicon substrate 132 of a first crystal orientation,
a BOX |l ayer 134, and a silicon |ayer 136 of a second
crystal orientation, as illustrated in FIG 29, is
provi ded. The SO structure 130 is processed in
accordance with the steps described in FIG 2 through
FIG 14 to provide a partially depleted MOSFET 138
conprising a silicon |ayer 146 having a first crystal
orientation and a fully deplgted MOSFET 140 with a
silicon |ayer 136 of a second crystal orientation 148
overlying the BOX |l ayer 142. In an alternate

enbodi ment of the present invention, the BOX | ayer 142
does not extend under the folly depleted MOSFET 140,
as previously descrlbed in relatlon to FIG 1IB. [48]
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an insulating |ayer 40 overlying said substrate 12; a
plurality of silicon |ayers 16, 30 overlying said

WO p@aloaasshg | ayer 40, wherein a first silicon PeyEs20085036777
conprises silicon having the first crystal
orientation, and a second silicon |ayer 30 conprises
WHABISIALAIMEMEi ng a second crystal orientation. 2. The

sqm cor}xdsglg;cpd'dug&\ﬂg‘gcg Mgl ng to claim1, wherein

said first and second silicon | ayers 16, 30 are

s @pubstteed hpynedingt AREYA! SERECY egi on 36. 3. The
samnﬁmdgﬂ@jzeﬁuo devigaaidetarndilng to claiml, wherein
Sty loPhictd kPl mvggi ggal@lgsu@wg 182 b, SRENI ISl 16

' tion are selecte rom grou | icon crsy
compr@?s».s@mn&ewﬁ%e fE$ AP OHPIG iR ar@fefysnd s&mrt}a)er@ opspgrises silicon aving
secondokthPorieitdn.Cryst al pl anes angled to these

8|r Ialenmt %thl oerr]nsu‘top| uctor glewce accorglgg %&%ﬁr ng}ékncs%ﬁlqgg ?gﬁéewd iflcon layers
16, 30atv@cpiated by %W@ulgf@ém@né@ I i con | ayers 16’ 30. 5. The

sgm conglsl Mondi@t‘dﬂ &Qic@&&ﬂdlﬁg tB glafirﬂl @hﬁblﬁkalﬁﬁrst\bﬁ@tﬁmrﬁntﬂ{on and said

east one a part eltlee >, <110>,
secon fryslta ax éefltagwearmﬁtgﬁ-ﬁ?rg grou;f ut]a sllhcg f) gg'\)@égggg‘% of Q'i‘&') 110
<111>A<31ét, hwidryot! flapesmnglied ta%@mt@@h@i@ct or device conpri si ng

provi difgsdhicdhdubeOvRNack Bk Bl B Kl demslish@ MUSFETNE, 54 formed
a substrate 12 with a silicon layer 16 overlying said

at the Grstyad segpnd sifosn laxeys 16,301 st j nsul ating | ayer 14
i it er poihe ebntidoaduedoedevieesvrorfiag wichin Bn whpematiggst2ge MRSEET is a partially
depletgd MééFErT%g larginat f(g;SI (ﬁl@'l\/ﬂ)s%hi' is%@nﬁ@‘&éﬁétéa%sﬁz@ . Structure by
enovi ng tiron of sard s Ilcon ay 16 and said
f i% st |41’§€IP°$t°if f?gmfl%%/@@‘ci%‘“?t?f BB SER S o tj on 24 of
S E}jrcdmﬁingﬂhEc&ltoﬁ uisalytelf struched @aiptisiglaysutgtroa ZFvgth@plhtcal)layad 16 overlying
said su%stra eci9 d3 aQir t msﬁa%n%faygcp ?Jmn[ég)aég thf@&egvegrp rmng a second

RS A et I con row _in the

o pfelmmggn Q@mnnmﬂt ip @ fifs} regien of exigl Figon-ep-ipyulsier %
said silifha Wyat1k B sl&u@ﬁ@f mﬁﬁtn@ﬁﬁ%ﬁﬂﬂo &EB&e lf)(ﬁtMm 28 bof daldGiibstdd: IhyRr;

t he tﬁ pl ng,g gllf% n3 u Sgld%aem% 7. The net hod of

f ofHFHGY &7 \%e%lg‘ﬁl G0 g QBenEE 25 PRl ing to claim B,

vvl*fe:mengra sedved gedaing lawr% lirasaidrsgjiconedPegrowpOin g SPERINg 7 elkﬁé gt region to
prov1deQn ﬁéﬂlaqng 15){&10 lfe%éxgﬂe ér@sﬁlssﬂfcm ifthd &Beﬁké}ﬁsaﬁd @t sbfiRie 12.

first insul ati nﬁ ! n a 382N g%] or}:lap vlahereln the second
st uct uthg meghod @“ﬁ’é‘% ﬁd‘am‘é?‘ d4RF 7Y aﬁcog BEL& Y
msulad@\/lh}@emﬂ(aﬁ:@ﬂﬁﬂkﬁhgs inGaid lfigsi rEidy lefsulran helnck@q;prpf t|hg ﬁlﬁgmsulatmg layer 14 in a
Jially depleted MOSFET 54 in the first
%gﬁta&%ful |y depl eted MOSFET 52 in the seco '%un
r efi on. Thy mefiiod of Mg aoemRRRdTie glogces BTl gt /> further comprising
fomuﬁkeé/f)a&ﬁlly?lﬁéﬁﬁfed IM@SFED 58 lidihenfiBt refio trdder fulty dqpteted IMRSFET 52 in the second
form ng raised source and drain regions 60 overlying
gy 2id silicon layers 16, 30. 10. The method of form ng
a Sem cHiedurtiosd of dewning e wEisHIdHI9 dgletier erafing & Wife é‘i“T’i‘er comprising
forrmﬁ;arhlgad%tuwé GhdHrn £EPR ) S@ﬂylﬁ@.ﬁﬂ@ﬂicd‘ne@bx@ g 3&paced apart
fromsaid first regions, and the silicon |ayer 30
overlying the second |nsulat|ng | ayer 40 in the first
r etfi on Temptliod ebfosiihg & michrduitorglericd dopasdingcte ylainyf, wherein said structure

comp?!eé &@Jn@trég%s ?;ﬁ@dt Pﬁt Sl 'sa‘ﬁpflrstl x@%&% 2h8 tlﬁ\éﬂlﬁcl)nyllafbg 3¢ BRrlying the second
rst 1nsulating layer 14 in_t

C ond
slagdpier 408 e EOD FARPTIHD UER SR TO0 OO B e gffoon v 1

overlying the first insulating layer 14 in the second region comprises silicon having a second crystal orientation.

Rictysg by removing a portion of
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