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BMI1GRATED Cl RCU T AND METHOD FOR | TS MANUFACTURE
TECHNI CALFI ELD [ 0001] The present invention generally
w0 edoaessi o a FET 1C and to a nethod for its PCT/US2006/006936
manuf aciNIEGRATED CIRCTTPAND MLIHEOD FORETSMRANUFACIURET | C
havi ng SO devices as wel| as PFET and NFET Hybrid
Orientation (HOT) devi tord Method for its
rranuf acture. BACKG?QJN%%FHgg%”%e majority of present
ay integrated circuits are inplenmented by using
l000é1 pl The arepantinysptiqn gersrally éfOécFEFﬂ%Pfa“%wet&?d ff’fr%iﬂ?fﬂsf%\r% and more
particHIl Sglatesad 8 PET at hﬁﬁhgl’m dévicoxdsdell ae PREIod WNEFED HybrideOrtkntation (HOT)
FETs or MOS transistors). The
dew?&gn%ggr e&%@gz r%% " usi ng both P-channel and
N- channel FETs and the ICis then referred to as a
conpl ementary MOS or CMEBREFIMN. certain
i mprovenents in performance of FET I Cs can be realized
[000RY f Tiermhajigitst bicprésEnSiay integratelhicincuita(f€s) aof inpleheanby using a plurality of
mter%ﬁﬁgc}ex 150 o ?&t tr?él{sltlogt(plﬁs Qﬂﬁgailedsﬂém o§1ﬁé Een@é&n«%@tor field effect transistors

I nsul at or , for exanp , _exhib
MOSEREstor MOSeapitaY-ahied Caiit “Sf’}@b{cf‘ém&da‘ﬁmé e Sreangd! = Ryrigpnel FETs and
the IEpeMaSeferiddao &id doﬁxplﬁm&it%SMD&bﬁCMOS vikthit hCdrfa@ idfrd®mastein performance
of F ]t:f1 lst cgane%gahzeyﬂ9 %glg.{;xg %re QEH(T ? :ﬂ%ﬂelg%F?fZég{&Zi{ {v%linﬁ g%ﬁ 1r§|94tor layer. Such
stcgry vslp%ﬂaror KOTLF s fon piai cshitib Pwen 18k iecaBisis6s 1l harpo@ss operat at
highsy&@disa IThd MR oOubgMAte At Widh tHeFE WS 4rSfabritattd) @hdthed BB silicon substrate or SOI,
is u?_.lg%rc;ttr %@ rrtl?;rltgll%t%}]la ey onaé dté({nﬂaulrs]r%s;p eStaﬂlél% %g%xe at1§lp s%lec':\%cp Eeaclzgurs]ee Ithe <100>
crysallipg prientgfion nesalmm leghle% glegtrop yobitity#nd fng the highevbippdd) N-ghannel FETs.

Add@ibnaD Snahdd emﬁcegreﬁ;héﬂ B@}eaﬂ%@-ﬁﬁ a CM@E cﬁ&bﬂ ﬂyleﬁﬁén&i’lfg theh@Sity of holes

i cat] [ n Ts

in th§ ?ICP%% %ﬁgsv nlgl& mgblﬁt{ fggolieé F%;ls rimﬁ Efngeﬁ fng?le P- cll:T I(I)"ETsdon silicon
havigg jaetlfl @it icostallinec oenglims  HAGT) origatation 1@@»&@5 y(gpa) Iuﬁen6100> crystalline
oneﬁ;!tio@ R RichAR1 FBfs b chgd &%tallﬁg&%n@ngl for PlohfmelGiEY st al 1 i ne

orientati on for P-channel FETs. [0003] Accordingly, it

si r.ab ne.in.a sin t

000 R0 Res SnEPlds B LE e HeBed b e HEg SR gpe s o
silicpiEds inpvldtdy RERe with or &ibdrablecdharceristas st pansbet taglizedcwith Inderid orientation

techﬁlg@L ' I%%&idlt\mnt 1h 1s w&%ﬂlgto%wvﬁgg ﬁita&mo; rﬁ:&hﬂétﬁm@ %Mdsnmtegrated circuits that
di tion, rovi de a metho

comPm i LT s s el utk TSPt  FRaEoepgrio ghermore, o
desiGtlk fdatuks amhchahetersdcseof Shehgésem tiemiot lwilb bdclkmd-Happaht dlvanthe kubsequent
deta?(!liqieg:> ﬁgﬁl jhe %} ﬁed cF alﬂflst gﬁernrﬁpgo%]un(%t)p@{ﬂl fﬂg §Jc£[§ﬁhﬁng drawings and the
ures an racteri stics the present i1'nvention
foreggjine|techpicabiipld aap pagkeeinds r om t he subsequent det ai | ed
description and the appended clains, taken in
conjunction with the aCBRIBBaWIvadr awi ngs and the
foregoing technical field and background. BRI EF
[OOQEM\/K‘%X@SOQQ% tecﬁclm J&h@cﬁ&lﬁftaﬁ‘@s b &e théch%é?éﬁs&? df bulk hybrid

kes advant ag the characterrstics of bul
oriepiest(HOA) B3npigtpre eucombm)ont“ﬁ% n‘§f°§t°6 ISUIREY tagHtIrhathe dnegaatﬂdwmlt takes
advéatabd T@R iftfeaset Rlobifity @ hdlésanBillsdil@nsof <[ he- drystattige @ieddtion and electrons in
bulkh511chnu<|)tI<1()%k$r}s<entatgVIaglgmg%g 3<i%% it ! c&?/{n@é el%hlge%%:px%x g&r?%/traa%fhavmg a first
regigmef P& cHYsHine iorentstiprkang 3 seeoph region &f 509> spptallineatrieppion. A layer of

silicd16h infiA8g ro@érl%d acﬂol‘tﬁ)id Iof the BRR KiliSASutRtrAe | Kt Shst bfOMeld effect transistor is

formeg glstltlerlgztere of st 1con og msulator a%ﬁeast one P-channel field effect transistor is formed in the second

region of <110> crystalline orientation, and at least one N-channel field effect transistor is formed in the first

region of <100> crystalline orientation.
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regi on of <100> crystalline orientation and a second
regi on of <110> crystalline orientation. A |ayer of
W@ R00bo2638®ON i nsul ator overlies a portion of theCub006/006936

[N?OS?' | %%453 %Wd@& ﬁr“ﬂrﬁiufatzﬁﬁ%t su@ﬂﬁ?l\fl@@in&lgﬁéé @ﬁa{ut The method comprises

SAAR, T L CREY I R ——
secont] k@stalistooentation. f A silieed on msuldier layerdofouned @@r]mqg # portigu]qd the silicon layer.
A ﬁrs? &Xt%&a‘rll ha#rér lﬂf\/n%rtllle%&c @Jy&tgiﬁne oﬁ@ﬁiatx@ﬁ is gl%@fﬁ bn PRBidN0E e Elﬁ&)‘n substrate and

transistor is forned in the first gi..0
a secqgf emtfe@ iayerﬁ%%g&m Fioad By IURE SEREHOS By o PRTOf pigthe Silicon layer. A
first HXDIF B€id effett tragsissad dshfo@neCiOBe finat epipxat leykr, i sewod HOT Tiald effect transistor is
formeqq% ng gecgrﬁ ftdxﬁ?ﬁye‘i‘,nl?d §tt1§r‘asﬁefafeffpcﬁ Qéldsgtbrnlg fcﬁ‘m§1 hig¥icon on insulator
strate aving a rirst crystalline orientation wth

layeran overlying silicon layer of second crystalline

orientation. A silicon on insulator |ayer is forned

overlyi ng a por t BRIBF DESCRETION QRTHE DRAWINGSA f i r st

epi taxial layer having the first crystalline

[0006?" | gt glreéeﬁrlm}eﬁhog iiilerSiflarfds 960&45&@631 19fcoﬁp.|[h@tlo‘ﬁI WithC@& following drawing
Substrate and a second epitaxi aI | ayer having the

figures ettt ks Sroele e i ?lﬁ?ﬁ"é’taf“b?i ¥ grown on a portion
of the silicon layer. Afirst HOT field effect
[0007] r amEGSs 1-03 illugrafe eehamaticklly, infvess seetion, oapintbaginerit of ayigtegrated circuit and

methEERNr iFRndrdcfiLdaf fect transistor is formed in the
second epitaxial layer, and a third field effect

[000%];3%%3?}51%1%,3 forn\n}ﬁ? he SI [ icon or@oﬁsul at %r _Fhanufactumg an

integiateé si@nit injacvordinice with aiudther h@oémnrabttberm‘bethdescrl bed in
conjunction with the foll ow ng drawi ng figures,

wherei n |i ke nuneral spae@Es peké@peilogirent s, and
wherein [0007] FIGS. 1-13 illustrate schematically, in

ctio enbodi nent of n|n rat.ed.circuit. .
o RS T ARR, et PR i o
invenfidn di Sreiapilivaivn atd@ses ohbermyéngen. IFyrthernwrQ; fhers i3 mwarfgritiomto be bound by any

expredded Bog, ﬁédqge%ryf ﬁgsemftﬁcﬁr&édlﬁkgte&ﬁcdl Rb18 OF Bt RRInE kG UWutimary or the
I n accordance with a further enbodi nent of the
followigg defpiledglascripyetAl LED DESCRI PTI ON [ 0009] The fol | owi ng
detail ed description is nmerely exenplary in nature and
[0010]S IFEGS. i 1A exlbedtidally Klfuptiate 4 K OSninegrbted piropit 2 lped method steps for the

manu@:ﬁﬁl'e of Qltclil SEmes %tééﬁi%% Cﬁ)(fulttuh'ﬁCdrM&: r\Uith QRioud éAbeaﬁEde he invention. In
ere s no intention to be houn

e g RGBS (8 SRBGITTR o OB Db By Varion

stepsflh&hdjmarhl&ﬁ:ﬂﬁ@ raueMQS leties aguwatinknpworand ke ifi dlel ptatestgof brevity, many

convgnl? n%i Jte wa:ﬂ%ﬁ'& wlg&d bLteg 41(9‘ EII V@bc o]mlt%eel emfr ?W&%\Ad&g the well

|ntegrate circurt 20 and net hod
kno“@tp@ws‘fe@rlsthe manuf act ure of such a CMOS integrated
circuit in accordance with various enbodi nrents of the
[0011]NV extileifated liMFIGH GE,StEe inbthadsih kabridanee eiixme ielﬁmfdh&nmﬂtl}e igwention begins

with Ecl’ ?ﬁ(lzoln la? Egg Qvg 0.2 catpliér %s§£t§ %1 CAS ugeld reng Qhé t%rms "%lﬁ/c[%ré layer" and

rIOUS steps In ac ure
“stcge b’ awlé boyesel K AEARPAN e §f6‘““’?1¥1 e téﬁlcally used in the
semlm&l\éﬂof- Mdusﬂﬂ&aﬂyn/eﬂ@ﬂ Mﬁcrd)h |adlﬁhﬂ$d \ﬁihfblﬂﬁr SMnlchts @uth ¥s Bmanium, carbon, and the

like t\g?clnﬁ awfta gr}e c§em1£;jcmﬁ%ctotr ﬁlatena ?1{1?(0n la\xﬁr 29 %ndo sﬂ}cgé cgldr{ere su%éttra% |2¥ will be used
in th¢ @@datipn #isbulk] Hybrit qrigntetipni(HOF) t@nsistors. tiﬁlgzom@yﬁ@@ i§ ppnded to silicon carrier

substBECE SlARGEMA RrafRD Bor@iXD QRhRBS af thd BBcob e itRAneBEd H&mple, by
chemical mechanical planarization (CMP) techniques to a thickness of about 300 nanometers (nm). The

silicon layer and the silicon carrier substrate have different crystalline orientations. One of the silicon layer or

-
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with a silicon layer 22 bonded to a silicon carrier
substrate 24. As used herein, the terns "silicon
wo ayend638nd "silicon substrate” will be used tBCT/US2006/006936

Ithe. sﬂi@&ﬂﬂmg&mggw&wa {e,\hefLexa OO0 rsBlallih&@MRnthRh Bd R dther is selected to have
a<l {Ogezlglst?ﬂ!hney onerﬁ% 01, lrr] 6 pre?e bﬁ%&g& Cl}up wi oaqlum%gt ox, at@essilx\:lgrll llayer will have

er “el'enents “such .
a <l¢fleromialliongricatatioh @nﬂ thcawatom Pﬁ@qr pubetrateovifl bavep <P tepybthlippeorientation. In

an af@RCABIURLR lof IRLRERBR _-theaiﬂicinp bk |valY 8hve %2<1aaﬁ>dcx§§t4uh1e QRentation and
carrier subs@rate

sy P e U A SR e ROTy R P Dz ool pfpeion or <t 10>
crysthlfigeeyricR@tiansis omdechrisallist biioion el eithpubet 1 ef B4 tiyy crystalline

onen\fﬁhﬂ K&Q‘M@ siﬁ@(fnq Jeb&ﬁdﬁerkﬂmtn@&h{& QlbSteate Iﬁé'fga‘tﬁ}hﬁ%ve?h lrésﬁt‘?\mt of at least
hi nne for ex

er is mechani c
"‘b"“b?%/ a?*f“?&’?‘i g besiieea & edﬁ%‘?“t %’PJ?‘H?TE‘&Ws% dﬂea%‘blﬁtpreferably
dope@®@yppanoneters (nm). The silicon layer and the silicon
carrier substrate have different crystalline

[001i]r i qm}@ti Qlﬂﬁtratemﬁe eretht)(h @ncﬁ FiGSC@nanhaly flustrate an alternate method both in
rll | con e ' trat ‘fs ecte ' Shave a_<100

acco‘&‘}f“ﬁ?% f”éﬂ F‘F‘I?Pgml??tf ShPsiny By °na fPa fermime getie qpdosy étf’"e@f)gda—"?b‘% overlying
silicdndaser 22. <FIG1DiHustratyssd @bdessifer formiiged iniSOM laydr26 &y e SIMMOK @ebcess. The
SIM@R‘Q%@&S%QLVGH%BWMTEJ%Q% Wlh{cﬁno{ﬁgﬂ Bk ard B‘E)laﬁtlacl inﬁ)oansu‘) ke region of

have a <100> crystalline orientation and t
sﬂxccgll lftsfejé %asclac}ul‘.a eg Iby glacmgst%gat’%e Wihfoln lﬁravgld éheéilmlerged oxygen are subsequently
heate@ny Bt h kibrerfoé sikiah atidedayer I0nthAaBleatidaly Nait® SoMgd 2edbih ti@fremaining

port1£rh<ﬁ‘ sfh&i\ﬁq:{%lj 2 nTl!lerS%I %fér 'hQSCAngagsg Ff a\%llt I10 %\ﬁ% She &l%lgness of SOI layer 26

I''ne orientation an i con carrier

is dempedr‘?a\ﬂ@ cperey 1 s ingiapisd dpithieis g imnleaiepesy. s mipsied @fotﬁat the range of

the i@plyfiddadxhden &m@fubt%ﬁﬁe&fs itH3 Anteded<thitkdas3 of BYBkR! 4. NSOI layer 26 will have the

sameoc%}s eﬁllgea Ol‘bel(%q on %S ({;)r?es s{ﬂﬁonq%yrg:ru%ésg ?yreteras |Jo1alg]sleae<g(§ééwf&%lﬁeho%tematmn
Both the silicon layer and the silicon carrier

10013 h Jlp fhgtebierpptecmbpdimeny nwipted ip F1ESi3smd ¢4 YG} layer 24tis forzed by a process of
wafeﬁﬁlﬂ&iﬁg l&ﬂﬁﬁtrﬂ’dﬂﬁﬂﬂe} aw&aﬂ @isulatig mStbﬂlaJI SOSACcHCES BilikdA dioxide is formed on

the uif))p%%g? ?cae ICC)’F sqil geg%e?b%n?& on the{ B%i% f aﬁc sqxﬁo \%/’Ialtfed g% r\g%f%rs34 is bonded to
Sﬂicqarvemmmae é”n@ theg @@,ﬂaﬁsg oipygrial 3¢ $ebu§fsrsal1c@ layrer 24 ang sevamdesilicon wafer

34. R® Illhﬂl%ed blqtlh 4, ﬂle @&&ersﬂﬁés}p@afw id dﬂmﬁeﬂbﬁgéxgﬁ t By of1p} B &ave thin silicon
vent i on

layer, Zg)?% Fls%n%\?%elr l'; ?Vﬁl‘ I§I ﬁ coa 01%161- J&y g’Pm fgcgnrillaisyu ,tzl(l) trlus(em%d)lment can have
a thigkngsg sft 10s20@8m anmmbeewﬂsf ip1puritp depied gither N-typh1or$Bpel RyadarabBGihin silicon
layert% i ﬁﬁu@ M;B%(d Pip€ ﬁ)sa%out I@ @hn%! ﬁ\épgﬁu% AWERSa kﬁ)oﬁ cr‘Q@!ﬂime orientation. In

known process i n whi gen ions are inplanted into
accorgangg, H’“E VIS %{@’@d‘fnﬁlﬁlofa FPed’F"egtfolnlﬂé‘B ilipagy fyer %62‘103% ot PY Qe hayp the same
crystigijineatie@aton 28silicdhn }ayc$ 2p.i A&dﬁtxdnayremmm thydrl2e cinreltieimteei this embodiment
beca% ¥1g§)lﬂ oft En@ulﬁa'q?%r d té]? %ngﬁ Io%ﬂ{c&lr 1 6922841{@ 1sShU{ Fo%g from silicon
'l con oxi ayer 30 that e ectr|ca 'y 1sol ates
layerIzéyer 26 fromthe remaining portion of silicon Iayer
22. The SO layer has a thickness of about 10-100 nm
[001d]he Ashilckaesis Fof. 5SSOk SDBgubsl’tra@,GwlileﬂleﬂBﬁl&ﬂ sl A STOY ptdaess or by a wafer

bondﬁxg gFogéés (i)sf 0x¥d & 1!0 Q;H'Ja%%l? ?qﬁll ?ﬁ? I‘§]6 ﬁanﬁ% k?ersnﬁ afxﬁp% ?(ﬂﬁm on the surface

i's ad] ust era e | nplant ed

of silipey glewsqla&ﬁ doypr 28 AdaeeBad sifippa nrweéﬂw igknese pé douini0-28¢pm is then
depolslﬁ&' 81 toB Bf pa3kidé 39/ EThe 3@1 Mlidel cam&vﬁovtrh@ ISARE the ISSDS bubbtlatel® an oxygen

amblﬁnt e[li]l!c: %&I e a(? does deposﬂeg ofn Or e 21le %%%é}f r em1{;;ﬁ val%r deposition

gt cry S al 1T E 0 PeRt
(LPCYD) er Pieﬁ!re eehm@ Fhemivel viapar dstoslmne(BEWD)Ffr@he Bactiprglof4lichigpsilane and
ammbBY €fhe &ficoh Ritrfd® fa§dR ilD¥ibsBquREPHE 83d Rfa OMBF RishRRP & RBlaindiDelow.
illustrated in FIG 3, a layer of insulating materi al
30 such as silicon dioxide is fornmed on the upper
surface of silicon layer 22-and/or on the surface of a
second silicon wafer 34. Wafer 34 is bonded to silicon
carrier substrate 24 so that insulating nmaterial 30
separates silicon layer 22 and second silicon wafer
34. As illustrated in FIG 4, the second silicon wafer
is thinned, for exanple by CWP, to leave thin silicon
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| ayer 26 on insulating |ayer 30 overlying silicon
layer 22. Thin silicon layer 26, in this enbodi nent,
w@ 20061020380 a t hi ckness of 10-200 nm and can be PE¢TNB1096/006936

oL SiMP U kg n@&&%xﬁf&kh&r is Niph13R €to Othe Fgmtfe)épebf ditced aliad! Myer 38 and is

con 26 1S r
phota '38%}?&% lll 11?8{}&9 & %I%gg hg‘éey %a% J%%cfgotgrres}; ?agfrl 1B gd as an etch
maskoan{l ememhl‘i@ns etthfrd dewelr thatyers off tilivor hitrgle dfbaxifie Fersilicerf ont ingulator 26,

msulét&‘@@ N4ilicBR 1ak4H 2B, a%ﬂ LS RO udpRYRFtioR B SRS R sﬁ@ﬁ‘d@e 340 ’ﬁl@‘(r@nch can be
ine orientation._as, silicon

et g fﬁafiwarwcﬁ Bk g pigich Cta'or Qo e et B G fvers an o
chlor@rtvo divdreset boeddeudenistiyl focatwh thmsilices.ul lay@r40| diypbetordt jissremoved after
com;ﬁéﬁﬁé@getgﬂngb)@gglclmi ttf‘;@cerﬁziu'vélf gﬁbtdlﬁ%grﬁpk&%@gerﬁea la99t40 of hotores1st can

fromsilicon ustrate
be fe}l“PGd a%@f beipgusErs 28G54 t“f‘%tf% th"\ﬁfféi“ﬁ &t Sﬂ%cs? et by 5 et layer of
silicqa i@ @S@n difen by usd wah éard boskdb ngskphe erelssy ofi cﬁlde)% dsllizadort iosulator 26,
insulgt&r 3%1 fd Elﬁéo'}l 1 20 )Aksg & ti%@ ]glg:ﬁ'l\ﬁe gg’cé%s Ehlg Etglll( Q&)Sé teﬁqma?eq gﬂér etching into
nmon the surface o l'i'con on I nsulator |ayer
the t%@omﬂl ‘I’fésb‘é‘?“ cagergpbs&dts 44con nitri de having a thickness
of about 50-200 nmis then deposited on top of pad
[001€X | defteBEmoviliclapadd adphd@estsgpndier By wh ofphotaesitt iisegpltel @overing trench
42 arécae ré‘gﬁxﬁﬁggﬁ}t@eb i1fdbh rﬁtﬁge%%%r :ﬁk’ﬁlh %Q)Lot lIln)EraEﬂl(!ail}pﬁﬁemed as illustrated in

ep osit for exanpl e ﬁressure
FIG. c,7h é’mtf‘e%ﬂd Phefpreist B’é‘ﬁd‘é it vS%aS(aE ptolymyesipfnd sy sa%% trensh diya@d'o; is etched
through fbﬁbv‘eﬂlvmg/ ap@sr anfl @OiEd dipp@MpodibEEEkorf 15y e Witk &eiich 2) teidich 46 can

be et&e? Fy rea %e 10% ‘Zdlbaé/erus S dgioto;rggtd%)b)l)é I%Faneﬁ a%terr cgrgpl«ltﬁg ik etching of

se uen
trench ﬁ?)?raqqu@@;w@& agjgy the etching ¢f silicon nitrige lpyef £8 élptlbq: gl@@attve ppppés the patterned

silicoh Wifi@A/eOik (18h Lde@ Ah HAItRALIOD nladkyt@E eta&gaﬁ g trérh through oxide layer 36, SOI
LR RB O B GHRPT, Boh i, o
extending kntoggerigen pf %lwexhcan‘@r jubstrete eheas etcmdcbefgh treppd 4P enpaadigg igfo a portion of

sﬂmo%'liy'excﬁn jid) 'a@cBﬂdQn%e wih an%brﬂaﬁe @bodisilehtio€ B8 iREntibh Gl iBEs@hted Ghe order of
t or silicon Fla er(%égfand I nto. t he upper

f"m?ﬂS’P Pﬁlt H B e’??‘?S PR e PLE LY She trench

can be etched by a reactive ion etch (RIE) process
[001Tsi rftenre@PingphotGlefiy lagdr dfriadayenyof siticop ifle drisidicdnmégtdeds dgposited over the
surfal:@aﬁﬁesstﬁme Ghcfallin® rntork%n@les DAl 24l b Qb ElSide e Bk nsvanxs&mpmany

etchegf fgreerxglg]gﬁ%} }léIIlE::tﬁ or{nﬁ@z/\%atll éPﬁc?{§480<?nhtg ¢ %ﬁgﬁls%%walllg o{ trelrlr(gl 48 and trench 46
as illidirbted in&81G. 8el y, phot ol i t hographically patterned | ayer

40 of photoresist can be renoved after being used as

an etch mask for the etching of silicon nitride |ayer

[001§38- IIb&oﬁan@m@h Jn@m&rdm%t o? kb ke QfioR) Iséwch@eepi@ﬁm sﬁlla&naﬁ@ 49 and 50 are

used as a hard.mask t of oxi
then GO0, e SR SICA SR ERatien P e R T e o [ gpoied surace of
silicdngyreipr sgirat\PS @ therbottdni of tralch 62 nraitepitpiabeiees layd €0 tectwnon @ exposed

surfal:psoft sﬁfc&l B%r 9@ aatht: @&toﬁltcﬁ‘ hye&g 45 nt"[‘ﬂe EMEXILI%@ICMI&;’CII‘SO&H (Bg grown by the
ilicon carrier substrate er r'enovi

reducftlalgl g silans (BIH“)FWI Blclg?rg@?@t(Sﬂ{%%é? pqesgpc‘éro fhgl. o’lfhe presencegof the chlorine
sourq@peimdteetib Sleciiv® nap bf tiChr&xal, @fat iSFhel gr@nicof e2pigaRidl siliven preferentially on
[

the egqﬁgaop uH’cheJ zLQ)gpa ?ﬁ{d to !)rl '!h% 121%1111@e t(%lgch? )}1%!0@ Euérghg)dé’ﬂ%cé SThe epitaxial
sﬂworl layprg tetoust Wg’ocriﬁﬁli‘tl‘b?f@gtﬁtsop thappiapics Al Grystajlige ericgiationof e élﬁcon material
uponrmﬁ&ﬁ tIRK dreagms@c Oile prefr@RmbddiRAE Iaplélﬁal silBorettfeh1estls gﬂacvﬁ vl the same
<1 10t> crystal\é e réntét?)n fﬁyﬁ cr ISI ca";lrrfet(x:rI I%1|1 nttfaeen h ﬁ%;pg%lal SHIC nt la)%p 5(5) is glbown with the
samegtl @Msbyamy erigptptiop @s silisen latee i rsgiewq_lep?@prs A&Lre@fd nucleatlon of the depositing
silicdRR b £5tineich 48 bhdR§ediBINBY B cREL 7 kreeR AR 18 tHe BGkerdch6X the sidewall spacers,

etching of trench 46 or, alternatively, after the

etching of silicon nitride Mayer 38. In the

alternative process the patterned silicon nitride

| ayer is then used as a hard mask to mask the etching

of a trench through oxide |layer 36, SO
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| ayer 26, insulator |ayer 30 and into the upper
portion of silicon layer 22. In this exenplary trench
wWa@200ex968@i ng into a portion of silicon carri ePCT/US2006/006936

e SpRHRRIL BN A m&aﬁ&h&dexpﬁédomoﬁ BORC Bigdborand @@ well s on the

bottoglnof%'let téc?l%lrat Iée%gt%olal ess hfm ﬁfal 5 1tax1alns\2/hecﬂ ggearsc C?ﬂjg %ne%peem\%y true of the

epitakipl| silicery layee @jown e trenchi 42 beshusé the igeetving rlayef mtghfenwkme on <100> crystalline

onente(i Fs‘ﬂﬁ&ﬁﬁ%elcﬁrbxﬂﬁed' KYRSRM oﬁﬁ%&éhecﬁ R 45019@'10:*9 Ery;teﬁlfn%ﬁented silicon
re ot oresi st

r
comfe R4 STTHLO e RITLo0F TR GO R bl Ha ppbeFoors te
level@§ tap toplyverfaseieifsiicen mirid¢ lawr 8%, padobme silidon dd thelforry of pelyorystalline silicon 52

may tdép@ﬁtcc!?lesﬁlcé@m@lﬁg 1294 - 38 Tbﬁyclr}@ﬁéfﬁﬁe Qlflcoﬁ’ %3 gﬁy %Eulmesaﬁléedcﬁ‘e dpfaxial growth
ani Sotro i cal g%etc ed tTBC)r ex

a

process A0} %;S’Sléeé se&@tn@n S’b‘é’Pt (?B(g}teds gla Ewafqmgn dllitrlden]ayer will be
polydrys@iindirathgr thamondnpaeys@hineéecase thd dilived sitikle does not pioBde Berystalline structure
that thORRkind BiBEEQALGANCE W th an enbodiment of the

I nvention, selective epitaxial silicon |layers 49 and

50 are then romn on the exposed sjl.icon face
00 (g pepe g Py ot g ﬂg@ﬂ%vm £ prgd s ispp bR ver 38 as el
as podyaryftalthe stitonsi2lid reoved by CNIR#s ilbustiogddriaf1e. BY Silicort dieiddlaget /s used as a
potisRbiod h&AEAMA2 and epitaxial silicon layer 50 is grown

on the exposed surface of SI I icon |layer 22 at the
[OOZQSgt &Sg] og%{pr tep%garll}zégﬁ tlg @%&lxcgh éa?ylfl!g: ?(i}?)nerl %}ICEIE ?utnde I’Iayer 54 is
deposglied kv e gsicthi@nd 1§yst ﬂZdﬂpR))omsmt it pliglrte &Bmaltmfe 135163 54 afldhie patterned as
111ustBEeﬁ %Pﬁ@el 19 fSﬁ&ch@ 48 tﬁje crn{o()e% aﬁtpﬁje%&ﬁs ﬁif é?éTRh{%e% bty I?&cttﬁrg lio%%{cfu}fgeusmg the

nat ure of r owmt growt h™ of
pattengd lpyey pppoterpsist Esd‘ﬁ e‘ﬁ‘?’éi‘%r ent | aI ly on the exposed

silicon surfaces as opposed to on the insulator
[002(]si | Afeo Femoxingl @pacdrs #8 turdi ieingstrmfles 68, layeh 86 @f pliotuxdsad is removed and
uencﬁés sk Gl Lamﬁ% &gﬁ%mxw of bl GidlubebN8D, 9y |G b@ Rpéi3or PECVD.

mcs the cryst ne orientation Of he silitcon
Depwé?swawr 6%81%8 trnphen S8-rhut/is lse degogiiRf ontp r?ll{cﬁ’emﬁﬁd%faé?rr%d The excess

msula&hﬁdihmnﬁmdeawet 84Xk polisiet bick @¥ing @Yo odﬂplbts theg Eandttiondof dhallow trench

1sola{1o|'111%8ﬁ?%3 as 1 aQed it {:%?Z .’Z’il é 1001? m?[d&: ?ag % q{s]edag !)lksh gtglg%urm%the CMP

I er substra axil | con a er
Pf°°‘{§? dﬁnﬁsewf tHl ip fhe a%aﬁlﬁeca&% ihamaays knpivp iPWéﬁS%?P w@maax kngpin gaterials can be
used & foinCOIT of au@ Eoragof eﬁbtﬂ&‘l\@élﬁtloﬁ B@ﬁ&ﬁ FevitBs ﬁlﬂ&@rug the integrated circuit, and,

ucl e. ti o itin on._on e tﬂi
acco{&}nélﬁc osejr grog%srsaeé érll ar,na}% als n ot be §1sceussse8 ]her%l? eﬁl(l:eh cﬁure 1Illustrated in

FIG.tlh@ciadrs e ﬁlb@n@)ﬁ mﬁéoxgpm\ﬁa Imlld typ 3@119 Flle,wp rggiods ¢4 gng §6, one of which has a
<100|>|ﬁ')‘31¥111¥1e bﬂehﬁffoneﬁﬁg Q@Qﬁlhe?' bi* WE had at<lt1(h>ecrﬁ§mg§ oﬁeﬁatl&h €Following the

S t he he tr
rormploR 0 B sttt g P e Son iR bk PEiat ARG wopectivly,
can belappgopriately eguetyidabed yn knpwremandr, fivsaragie, bmon ahplaialiprc dmaccordance with

the plre"i’e)ﬁ%& er%ogl\ﬁ@nt'o@ s f &&ﬁ@n %ulg re%ﬁ)ﬁ GLEES 4 {U% cg)rsQWnQ&leh@tYoﬁ and is impurity
ht nucl eate on <100> crystalline oriented silicon

dopefl k-t RS autpulkresion §6 B‘”tﬂéé%o>6'lfys‘flh%¢ opipigiopang igimgpaty doped with
P-tyr@ igpudities. Kepfdes rof Shéahekr sifi@n @rrignsiestats 24 iisC-0ln 0> aystdligne orientation and

silico%l’I%xI .’{iﬂg 210%5' mﬁ!ﬁﬂﬁ&eoglerﬁ?n}m top@héa%]: glﬁ’é& garIl sﬁ@tr&t{]ﬁnlg Q100> crystalline

overgro I con nmay oOcCcur a ove
orengptipn étnﬁélhmda@u?% BcelW ofystaliipg %Watf?ﬁ’t the gEOF a%%lhrwrww region is
unpuﬁ@'fmpeﬂl\x}lth pwfpe hxﬁbuhh@ aﬁdxnmlq)o# cripelipe éﬁéﬁ{aﬁﬂd régi® iSikdpir@Pdoped with N-
e B, SOERR 2 al s bl by B i s mpmgr 16501 e
62 isgip m wrd for thyrfebrication pifedaS davigss. m;tlonb 7@ ofyiepifre@? gy be doped with P-type

lmpuﬁﬁfés e&foly ﬁ-typa_ t?r@llssﬂn1 th&@xﬂna%@)@ﬁlchﬁﬂel BT 4uBBthSH potioMIV2 of region 62 may

e QR Pl ISP el S et of P b s doping

provide a crystalline structlire that the dep05|t|ng
silicon can mmc. [0019] The sel ective epitaxia
silicon that overgrows the level of the top o f
silicon nitride layer 3 8 a s well a s polycrystalline
silicon 5 2 is renoved by CVP a s illustrated in FIG
10. Silicon nitride layer 3 8 is used a s a
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polish stop for the CMP. [0020] Foll ow ng the
pl anarization o f the epitaxial silicon |ayers,
w@e@bleissi | i con nitride |ayer 54 is deposit edPGNUS1YE6/006936

1‘0‘f“th§1f/£tfd&§t&'ﬁgaﬁi§f e‘ﬁﬁ deayled Sut & Pelfl knOhMES wil inipSanBPppdids £dbsds Oand energies
deteqn Otﬂ% g rfj dgw?_ef l%rfil?n%gﬁaqmpl%nt%og oF se[c‘aagd I% 1%1163 d;aré F]%camed out by
masking etherhess, f@r &ample with paftstiedphytoresisict | ve | on et chi ng using

the patterned | ayer o f photoresist a s an etch nask.

10024} 00 2a0r s‘ﬂ:ﬁﬂpﬁg tHe eemmd&g)f fa@@@% ss ,4oBs42106 sdbaﬁxmamgcopla@n §h@Ss of SOI
ot or es rermv es¥ru nches

layergé gn%?iy ea?h (?‘ tlée bu\% iﬂ%on realonsosI a(nd gg' Sr)%le os e is réady for the

fabriatien af HE Ty medsSPary fiay pmléw@mmgehe dositgd nR@YE)! gr;culpﬂ@ygl The fabrication of the
vano@e&%ést €dtok @@Me@tnq{ortégs Fo dnk 92 bf ﬁﬁlcx@ﬁ&l @8and bk Hor lalzlﬁﬁhel and N-

sited.on silicon nltrlde
cranief BET b G CE1 oA EPTHE yiercomanione AGpT B totmiawes
Varidya priecesrgig igwChPfabdratigrGM @l éevicherd willdaewon thysef ofskill lirl theert and need

not ﬂer&&'ﬁbed| I%fétnat TlQ)Qe 6151&1? 1n6th9 aft kﬁovlf ltﬂa“ﬁlg rv@tri(ﬁg pfo@esﬁﬁgeﬂodszdepend on
licon nitride |ayer 54 is used

parif g s TP e befta mRIoyy Bk B rgtfor poverins e
IC, twﬂrdcesmeg;@gd’ds 2@ediddat thed@,yank tholike. Regrdiss eSthapracessing \flow employed for
Me E@l?c%ﬁdn‘%f $he Ciél riCQOQn %gtﬁ'&jange%ﬁl%gbxﬁo-ghmgﬁt & ttﬂ%@ﬁventlon includes a

| ectrical i1solation between devi ces naki
bulk hf °6a“tl‘ﬂ SOTHEE G Spurgtet nhuliisticongrripn 8 begedit Mgl cyfstalﬂ%fgléma ion, a bulk
P-chd6BO WO T[FED O S:66ated fabulkailiedn rédich 64 @thgR010>krystalihs@lsstsidd, and CMOS

trans{ag‘iglrssﬂ &annll%lﬁé’lr %Cﬁiﬁhl b %h%{nhél géflﬁi@gg gaab}ﬁ%tegvk\t&og%ﬁi#d;aﬁh :’#g gfrs]SOI region

I con on | nsul ator
62, r@sgsmn@hls Adthough, pot Glglsira@ﬁesoglp afR icE¢lechisal isglationgysh as shallow trench isolation
coulﬂfe}{ﬁﬁlé}hdn{eﬂl Bet®deh 8P 561 2898200, ChitbritEivedy, Ijlﬁétloﬁsf IMbeel‘naﬁedaogether with

orlen ati.on. Fol |l n r
elecmcfallis?%atlon ?gi %roque Hcl}? nlasg,l og ;%he d)rr]l Junctbon In g’xe 1p trzite% e%% étmglt silicon

carrigbstBiteQR4 iame epitpcel silisg Hvse G410 arysslmeroemerz 0 @iofanng HQTFET 92 i
form& AREYIRARI4I 18] M abdSRidkce tvmhd&piﬁ&i;triusu &mmemqm aayércm and epitaxial

eGSO 887 L FESRLSRIEEAM D MO o o
<110 ggstallidkQrientatiys foabilidon earder isesttaget in G 1&ntdat1|vs etppgimenttig/arbitrary; those of

skill gl%edgt vs)i\ﬁ ngre&l&tg letQhe' C%Mﬁlhé drﬁﬁatﬁﬁ] gf sﬁf&!)rkcaﬁfé%u@s@rat@ 262d@ficon layer 22
100> cr(ysta i ne_ orientation_and f% ok yrity doped

can IWJFW prepd pithoyt denarting frer the peapeandiiniseto & her silicon
carrier substrate 2 4 i s < 110> crystalline
[0023]r | exstibusiral iafEs. 9] dactoef Bubry T PETR 90 snk 908 eachyof (SQIHETH 86 and 98

mclu@e! 5. &1@ @chchi@ ’IO@Jvemtat&%{e 11§S{11L1t510@5 v&tﬁlgcgukc% n@cﬂgﬁ trergﬁhsewz §6§1tloned on

00> crystall’ine orlentatlon and silicon 2
each |31§e gilfoggte elfeg}@fiearthz gate %?cfr%}cﬁ copi %?f)lyct'yﬁtéllnaelsé@ga, meta SlllCl e, or the like.
The gite)istilatots canebe Gifi¢od dioaitlé, Gificon @gyinbitle] ashighrileciit yonstaxp ewdltetidl tohthe like, as
requ&dtf(yrgl% ;aﬁgﬂi{r Icﬂduﬁ %un@tﬁ)g b&lE’g?mFle&lgnQe Gi‘[lé/ S%In@é %}nd Afhin reglons can consist of a

rientdation region Is I
singlp mﬂm doped, regiyny oracRjiraliiy @ élgeeéﬂmawr@bd@e% regiop o/ﬁﬂthoa&heqoy illustrated,
condhdiﬁpélédnfaMs dﬂpﬁﬂhubtrve tua@s S@BR OWA’s appropfiatS@ite Bleg@o@s afisource drain
fo rication of CMOS devi ces,
regxons to tm?erconne(?LélB vanofus {ran51 qorlg] ofg% %at%i circuy oped with P- type ‘
rrpurltles to form P type wells for the formation o

100244 ¢ Ha Ha ElustEiES 3w, @me@ y dbostragsf & F19S.6-10, thesgliOfnand 51 Wﬁy‘rystaﬂme
onenbm@l Qﬁﬁﬁdreﬁbﬁshw ind 300 grﬂiﬁthh itel s@fe dtp aﬁ@ﬂl%tﬁh&ey Beret¥ekd Banarized in

the sa%e St??g %il fiCIGOI‘ ? var I gmga fm nel t ofg;lc;s vent%'“ﬁ?e) th ppltaxml regions can be
grovalsépRikely e@uystratpd i FlGEe 14-1% ﬁ(hmethfairﬁn@rdmg\m iy mh?ﬂlrmﬂt of the invention is

31m11§nol€ Qﬂe%wo%&&)d uﬁngj th€ @t@}'}sglhﬁ§at&‘l% @}’dnsp Q{_;istegd ¥t Jtdﬁﬁlg ta)sB3nd trench as
antatio

s IGE ?’%‘6‘1"‘6%%1*‘-‘&“’5 RETES %figror ek ‘%Fe?f’é’éelﬁ‘u"ﬂ g strfreg of mitnide
areas, for exanple, with patterned photoresist. [0022]
After stripping the remainder of |ayers 36, 38, and
54, the substantially coplanar surfaces of SO |ayer
26 and of each of the bulk silicon regions 64 and 66
are exposed and the structure is ready for the
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fabrication of FETs necessary for inplenmenting the

desired integrated circuit function. The fabrication
w@Rooblogs3s@r i ous devi ces, CMOS devices in portiPCBEUF2006/006936
lhye@%dmg RitoOfens@h ﬁﬁe@&aﬁéﬁ&t&lﬂa}aﬂﬁ rdattivk idn@Ehdd-t6 vah BiadwaaRphcds 152 on the

edgeS%enc%QaSElLs ateq llg[g ns 64 and 66, can b_ e carri ed_ out
usi ng CORVERtTONA processi ng techni ques. Various

Eroce55|ng flows for fabricating CMOS devices are well
(0028 ol aecrdgise &ih s calkpdipert f th@vertien, anilfostaediindide. |- elective silicon
eplta!iil@lslﬁ)‘ek Ipexdis bewe lnﬂren&hﬂsc@ aOklegive le;hta}hﬂ gkdWeh prbdesskdd @wdctiR@tibove. The

grov&;Lh o% 1 Veaz‘rrlI 1s nqu)eateg On 1] e ogtmn 09 V\Fc.on g eﬁ% b&rﬁ]ﬂe%ﬁ %)fapgs%% gtrtﬁe boHom of trench

geoiret ri es
42 Sllrethe Samaw%ine Olﬁee‘iﬁtlmv\féptl ofigybstiaie 24. C the proc es SI ng
speeds expected of the IC, and the |ike. Regardless of
[0026jhe &{oﬂﬁﬁsﬁi rsg of prowieaisN Byed cdvaringGR iRt bM@ridd18/er 38 and the surface
of 51{10 licon e}a algll lgygr %}A :rEee la%egbfe%l}otore31st 8 %q%%gﬁ%%grzgglﬁ:ﬁllyl?até]ngﬁ grhdn% r.lSe(.l as an
etch @k fFIETFe ading aHm additievd! trenchigldR khatsixiendsdmto piliegh daver@d ahdlpstyaigd in FIG.

16. TedATschyRlicahddbne RO réREsat i on, a bul k P-channel HOT
FET 92 fabricated in bulk silicon region 64 having <

[062 18;%{1;1%\% tgl Li0e g{r ehnf tq:l}otmﬁms% Ii]aé/fr Sﬁe}.r:n{f)g m% ano{her layer of silicon
oxid¢ exyilicemuiside is nieq@@reti o @emrfaahelf itpidplyeSeF andethd wpfacg 2f silicon epitaxial
layelr ﬁ'ﬁp aGé hé{)@gltyd la toh Q@R oRiAl of dilicdS hitrflt @reaci® B E@ﬁem t®@%orm sidewall

spac%% 3)'1‘1 ng% gvla lshQS f.r%rﬁ’é bﬁ% R Sflﬁé{] gAﬁF IéE?S llrbacré)r gﬁcg)cwg | er em%odlment of
the idettop,ma fiusteled; thejdepvsiteil e isl@hedctbngigh atpaitertyd) pltO@dﬂStS@@st thafis retained

over\fﬂefsm‘fagé & Q}El{a*l&‘l Zli'alyerl lgépioQﬁa‘c @ 1:&@ fs/hBt raﬁd%/d ﬁjcﬁxgephaxYal tape@ 154.
nat ure of n junction. In the illustrated

mbodi ment Slll | ubstrate
oo gfronens® b 5 o8 B PRkt e sRrlnile; B steon
epitaflaicliyan gl is 407 BEEnB25§ by § erleatizd epitexinlegydvoln p@dess 98| dsorilhed above. The

gro“ﬁp&cﬁygxaﬁ@ & ﬁ%]&atﬂad ton She! pl)xlnH§ Bfr sﬁfc&fjl F@P&b&é@cﬂ& ’thesﬂo{téng SfYrench 158 and
| ayer 22 and_epit axi al lican are aqf

growg i %ﬁ%m Brvtaling e R A é\m RioHieErYg 2 JF fhs Fmsatefl ffyer used to form
spac¢r@ Ii2GevetGibed oVdrepimeiblagtn 164, tiof layet pEvents lﬁyﬁér@fdwtlﬂtf epitaxial silicon on layer
. ilicon carrier substrate in this
154“r“§§%?§t?§§5§%%%d|nent is arbitrary; those o f ski |
the art will| appreciate that the crystalli
l0028r i e%ymwpwakﬁﬂr%%fﬁ%mIr*'iﬂé? leyer, B 2P 4t éemQYFdém &MP either in a single
CMPSétdpi foltbwirgaheegiovdh 2f qpidxiablager il 6t @rit hangeehtatepd) ©uk after each of the of the

separ?% Qg%a}dapsghc];xf ?M Q@{)ss gl%. B@%p o? %t@;ﬂtcarp i{%sot ll%%ségirw Ee@lloklé) ghy remaining

ustra
portipiEgicthadrpestiel layer wied tefaeh Sl?@?erss}é? FEowig thenGMB regoi] of epigess epitaxial
silicdd, fha tsRuctikeis tifeGaBe Matﬂhhefritéﬂl BFIQ Yatke ipRoSesh af fabrichhid an integrated
struc%e:jc e? (l:'la% ee co%a%?ategg }"oﬂ w1n he glCS S ]]letl’a eg %Ibg nﬁ 0 [1,5 %ﬁg EB previously

ectro es can
desciibeg) ginhadimpeaty %w priderdn gtuvhi %hvo ﬁi«mh@sl are @@Pctzané gubsqgpently,Elled with epitaxial

smcdnl cKiCbe rdvdBeddah&ut Hpatthodt M tSe &?3 obneinsdakigncon di oxi de,
ilicon oxynltrlde a high el ectric constant

[003{);]H i r ol ?aa lﬁaﬁ{; ne exe la efnbo%lmelnteh%ybefme%esg rd 11t1 E]xe T egomgdc?e dnleadr description,
it shapidetieprresgled rhst adam me@nlsqf gmamns existilrshoudd ql%mnpteylatel%@ ¢he exemplary
embddiftnP Gr fem al@l daibadintnts 9 Alyl SB8Hles ARGt HRREM to limit the scope,

th ou not ..l l.ustrate ducti ve ca

woP e G T BBl B o BB S-S S g pion wil
proviglatheseaskifiat in dd @g wath d cgweniantroatt raapnfo:r igglemerging the exemplary embodiment or
exenlpBHELORBRRERS. F BRouMide 1Q83stdoli A Vol harRfs dafl e kAGELAN RS fflotion and

Circuit. [0024] In the illustrative exanple,

especially as illustrated in FIGS. 6-10, the <100> and

< 110> crystalline ori entatitn epitaxial regions 4 9

and 50 are grown in the same step and the surfaces

thereof are planarized in the sane step. I n accordance

with a further enbodi ment of the invention the two

epitaxial regions can b e




grown separately as illustrated in FIGS. 14-18. The
nmet hod according to this enbodi nent of the invention
WO 2008/0mi38B@r to the previous nethod up to the SPEPES2006/006936
tifrahdéinth B adndidts Withtil Epinie fromistseme ofthe i@ehtivh AgseBfoSteia @ Appended claims
and i B3GR Akl kidSfg ated in FIG 7, however, a |ayer of
silicon oxide of silicon nitride is deposited on the
surface of nitridelkyer 38."arid>tk'toiitrehch 4 ' hb
depo'slted layer is reactive ion etched to form
si dewal | spacers 152 on the edges of trench 42 as
illustrated in FIG 14. [0025] In accordance with this
enbodi nent of the invention, as illustrated in FIG
15, selective silicon epitaxial layer 154 is grown in
trench 42 by a selective epitaxial growh process as
descri bed above. The grow h of |ayer 154 is nucl eated
on the portion of silicon carrier substrate 24 exposed
at the bottom of trench 42 and grows in the sane
crystalline orientation as that of substrate 24.
[ 0026] Anot her |ayer 156 of photoresist is applied
covering the surface of nitride |layer 38 and the
surface of silicon epitaxial |ayer 154. The | ayer of
photoresi st is photolithographically patterned and is
used as an etch mask for the etching of an additiona
trench 158 that extends into silicon |ayer 22 as
illustrated in FIG 16. Trench 158 can be etched by a
RI E process. [0027] Follow ng the etching of trench
158, photoresist |layer 156 is renoved and anot her
| ayer of silicon oxide or silicon nitride is deposited
over the surface of nitride layer 38 and the surface
of silicon epitaxial |ayer 154. The deposited | ayer of
silicon oxide or silicon nitride is reactive ion
etched to form sidewal | spacers 162 on the walls of
trench 158 as illustrated in FIG 17. In accordance
with a further enbodi nent of the invention, as
illustrated, the.deposited |ayer is etched through a
patterned photoresist |ayer that is retained over the
surface of epitaxial |ayer 154 so that the |layer is
not renoved from epitaxial |ayer 154. [0028] In
accordance with this enbodi nent of the invention, as
illustrated in FIG 18, selective silicon epitaxia
| ayer 164 is grown in trench 158 by a selective
epi taxial growh process as described above. The
grom h of layer 164 is nucleated on the portion of
silicon | ayer 22 exposed at the bottom of trench 158
and grows in the same crystalline orientation as that
of silicon layer 22. If the deposited |ayer used to
form spacers 162 is retained over epitaxial |ayer 154,
that |ayer prevents further growmh of epitaxia
silicon on layer 154 during the gromh of |ayer 164.
[0029] Any excess epitaxial silicon grown on nitride
| ayer 38 can be renoved by CVP either in a single CWwW
step following the gromh of epitaxial |ayer 164 or in
two separate steps, one after each of the of the
separate epitaxial silicon growh steps. The CWP step
or steps can also be used to renpbve any renaining
portion of the deposited |ayer used to form spacers
162. Follow ng the CVWP renoval of excess epitaxia
silicon, the structure is the sane as that illustrated
in FIG 10. The process of fabricating an integrated
structure can be can be conp]eted by follow ng the
steps illustrated in FIGS. IT-13. As with the
previ ously descri bed enbodi nent, the order in which
the two trenches are etched and subsequently filled
with epitaxia




silicon can be reversed w thout departing fromthe
scope of the invention. [0030] Wiile at | east one
wez@apdasy enbodi nent has been presented in thECT/US2006/006936
foregoi ng detail ed descri ptgioaMsit shoul d be
appreci ated that a vast nunber of variations exist. It
. | so be appreciated that the exenplary
“mmzﬁ%%ggﬁgnt or exenplary enbodi nents are only exanpl es,
and are not intended to limt the scope,
L apprintegmsied pircyit 28k coppfisfgur ati on of the invention in
any way. Rather, the foregoing detail ed description
wi | aphulk\snldal stuhsﬂmte [k bdnipeiging anfirbthregia [b4, W6 Haviag <100> orientation, and a
conveni eab.at R (e hith, LITRL 6IBAKLDO Lhe exenplary
enmbodi ment or exenplary enbodi nents. It shoul d be
understood that various changes can be nmade in the
f uncti'Bff lBAAf Fisin ?‘H%S“E‘E’b%ﬂ%‘fg APREOR Pl PRI SHocRSubsEe:
forth in the appended clains and the | egal equivalents
t her ablfasCinAFNSefftansisor (46 H8hieuned g1 thdlayeA92] ofi biligpn ant igghlator;
circuit [20] conprising: a bulk silicon substrate [24]
CONMPIat BsPéhe B-chdnhed biell 8L QAN R 90! @@% folb@M i\ s5dBPr3gion [66, 64]; and
orientation, and a second reglon 66 64] having <
110> rlent 0 co r
over 1% FiEs NshPpi gR st oe G Fiataie B fodiplls Nf
| east one fleld effect transistor [96, 98] fornmed in
2.t h&heigjogsgted cgait (2] okqldith & gherein the fisstaegipwlo4] camprisesad’ttyrsriwpurity doped
regiof foeharva Qe shiic6l Sv@bd ¢ addridd®iond @zioh 3 c&%}lseg ak N’Qﬂ)e lifdpurity doped

econ ast one N-channel
“’gw‘%{]%?e oot ?‘ &ct e ??‘? g%%%@ G ‘P%%““‘bsé‘j’s“ﬁ%‘]r din the first
region[64, 66]. 2. The integrated circuit [20] of
3. cl Gherintqeratpveqiredinl 2Q]196 clpipy Iswhereanghosecqod 4deiop bt pdnpeisps g N-type impurity
dopededi¥PBroledBA! tht bilicdd QEbEiEhtd 24 lafkhé Bt BT B6]lcibriSdslalPGAR impurity doped

. %strate. 24 t he secqn on [66] conprises an
mgmNHFVﬂgn?ﬂ$%?k¥?igg%ggﬁﬁﬁg?%H”?%&%%S on a silicon |ayer
[22] bonded to the silicon substrate[24]. 3. The
4. | nfeiptegrated] citspit 20] comprB@R: of claim 1 wherein the second
region [64] conprises an N-type inpurity doped region
f or madiliodh sttt@atSi2h i R S Slvitat® olidddioand the first
regi on [ 66] conprises a P-type inpurity doped region
fS(le)rSrte S'lr hcozﬁaymgﬁ lﬂ%vma)g s*taco{i]dz %’}Staglf}? i)l’le tﬁ% n dlé]erents tilan theg{]rst crystalline
si | i conotsnltiqnrbapdsd [ozthf] silfrany puhgjraig [?4]ft§ft ﬁretrsglmralmrer Wé] having an upper
orientatufa®; a first silicon layer [22] having a
second crystalline orientation different than the
first _cr orientati on 0.th ilicon
substrg?Mafgifﬂgﬁﬁn&?m?gFmgF |conm$gm?Pl g?’having an
upper surface; an insulator |ayer [30] on the upper
sur f dcesowstsilicprelayer 2Ekonde iriselfer lpysld91 [ 22]: a second
silicon |ayer [26] on the insul ator Iayer [30]; a
fi r Sta fir® gon [40 A8 FirsOdrystallihS brietthtyoh teathwn of) e Sllido® Ribstate 1Y ];
grown on the silicon substrate [24]; a second region

[ 50] a%gqoﬁfr%%&qf(g oyg%go?g é’}rg,?a?llng ()ﬁe%mléxt ér% ol R Wik &lﬂ:oﬁ ﬂ?er [22];

first si

a first field effect transistor [92] of first channel conductivity type formed in the first region [49];

a second field effect transistor [90] of second channel conductivity type formed in the second

region [50]; and

complementary field effect transistors [96, 98] formed in the second silicon layer [26].
9-



a first field effect transistor [92] of first channe
conductivity type fornmed in the first region [49]; a
waewongb3Bo el d effect transistor [90] of secondPCITaRIVE$/006936
5. cortiaotbsnist irdakpeo]l &FraRal 4i Whetelhths @ies0 Rgstal@i @nthtlol Jcomprises <110>
cryst?\ﬁr% o%g%l)&rﬁﬁ ﬁlte ge,recglglt]l J 1.[1 r{elﬁgt jon Eore ﬁfe%%{(ﬁ% §rylt$_ﬁﬂe ogesnlation.
riteg*ai Mci _ ai %2(5 SfUIa|n14 wherein the first
cr ya¢ feerated ot dAQl-ati dim doHhsteins s iy yoystaliieyagioniptiop gemprises <100>
crystaiﬁmee,némlmoﬁd &ia Gechiie nsaminndiestps talpkiten €1 105 bigfiliade ofdhtation.
conprises <100> crystalline orientation. 6. The
7. 1 NUEQHALRH GG f first
crystall [ine gﬁf%h%%%%%%“%gﬁ%#?:%lézﬁn§%§0r§§$§1I|ne
orlentaaggn and the second cr%stalllne orientation
conprireatnes syigepsubsirate 124] hayipgea fpticrpipllige ogigntation; A et hod
for manufacturing an integrated circuit [20]
conpri simydinhe sficepbyaf22] pralyinditrgilgors substeer{24ibs titiendayer [22]
[24] hayig aRechid c}fzstaﬁlﬁé/ékﬁhtioh 'Eiﬁfm@ﬁt lyBR Ih@ff&spé?ystaﬂﬁlé’élﬁe%ﬁbg

a silicon Iayer over | Vi ng the silicon substrate

[24],_.the silicon |la second.
crystBITEREEM Britsal S VaUEF P ihe S g Hipengpyer
crystalline orientation; formng a silicon on
i nsul gaevone ¢ fpeepithxig lﬁyemMQrﬂayihmgle dirspowtaligne opfntdtiae on a portion of the
si li congliayelbstr oM Ng a first epitaxial layer [49]
haV| ng the first cryst aI line orientation on a port| on

the silicon su
cpi t SRR SR ST 1 G b ¥ s A RS S s poon of e
ori ent aﬁlil@nlaaﬂ[&]mdtl on of the silicon layer [22];
and formng a first field effect transistor [92] in

the fﬂ)ﬂhﬁﬁg Lftbet X Foctl tRYRor [APIn, th@fu&%%ﬂl fa&e@l[@;eafste&ﬁ& field effect

transi st or n the seco

and . ¢ HEPE0T D e e A oLl by o i G e abor 96, 98 i
si | i conthesili¢onou inatlaser ldyeryi2al. [ 26] . 8. The met hod of

claim7 wherein the step of providing a silicon

8. Subsd théllod of ddth 7%¥ﬂeﬁlghe§tef) bff p%wcﬁifg)é%ﬁ@én shiRBatOf2 BltiAS 4 H% crystalline
r.ovid icon substrate

ri ses
iRy v 21554 G SERER PR g7 B 1 e erienation nd
the sgp e@pprovidipe Duilichh Agyer[28] dvertydng theaylgon fuRfatecsemprisyd thg sttihef providing a

s111co§'14|yér‘mﬁ‘ha%h{£’§&[1@&%&1&%}{' ses the step of providing a
i con ayer [22] having a < 110> orientation. 9. The

wher ei n ep.of providing a
si | F gaﬁﬁ??gt Al i Sﬁaeﬁt Pﬁ‘ﬁ‘dg’gfaus’rh&‘i“ hs{jds [t e a first orystalline
orienftionanmprispsohe stap v priosidigg 4 filicos subpraef{24) hovrigai N tp>ansiallinc@iantation and

the sb%ly&%t'orvﬂhlg legégn IQ@rV[bf] gwélymg- 1119 gﬂl&)‘h¥§)§@&hé [bﬂ %or?érls%%eas{eb gpprowdmg a

providing a silicon
S‘h°°B\1i’é?rI[?3? ngg hélOQ? P‘i‘%ﬂm’s ubstrate [24] con'pr i ses the
step of providing a silicon layer [22] having a <100>
10. or Tenheddoifi claib09 whisein gt dtep obf ddrmipk ai fiist Fieldhede@ ittnststoe [92] in the first
epltaﬁh @a?lerq391] Ic&ﬁp%ég %e%teﬁ bf i%xtrrfuté aefl f ff%ﬁlt efite(!t %’Qfﬁlsl%; %ﬁ tl'[e%%%) of forming a

epl t axi al npri ses
Secmif}fﬁelfi 8544 trgsisier ﬁ%& dberieond qul lérrer 81 COtIIPIaSﬁsSth%stte@rof forreing gnd-channel
field sffeetrafistob.or M ng a second field effect transistor [90]
in the second epitaxial |layer [50] conprises the step
of formng an N-channel field effect transistor.
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