; MNe3eJEJB*6  T26- 9 J U N 200g A METHOD TO FABRI CATE A STRAINED Si CMOS
STRUCTURE USI NG. SELECTI VE EPI TAXI AL DEPOSI TION OF Si AFTER DEVI CE | SOLATI ON
FORVATI ON DESCRI PTION Field of the Invention The present invention relates
to conpl enentary netal oxide sem conductor (CMOS) devi eeg UN ing, and
in particular to a nethod of formng a strained Si CMOS structure wherein

the strained Si channgl Layer o he. SsLiucturg s torned affer cling
various high-tenper !;ﬁ:i: 33 "‘-" AL B S TRBHIED 5 Mg& _
processi ng steps t hat NG sELECTIVR BRITAXIAL DEEOSLRION OF 181 AFTER on | n
t he sem conductor industry, 'stPEVAEH TSOLATION FORMETIGNsentially refers
to CMOS devices fabricated on a substrate that consists of a-relatively
thin (about 50 to about 300 A) straineggle onePitaxially grown on top
of arelatively thick (about 300 to ab ) ) relaxed Site | ayer.
Publications in the past have shown the potential of achieving

hi gh- el ectron and hol e nDbiIitiesFEglatrgigﬁd ﬁi Iggers. More recent
publ i cations have experinentally ined Si layers can

be used as a channel region for netal oxi de field effect transistors

( MOSFETs), and e.shown.that device rformance is.enhanced in.these
29 J UN 2004 gs;éué’iﬁ(r‘g‘&?tcéﬁ*b’% &P LRI E8S tPabPIRAERE ior T MFEA: onal S
substrates. Oneoafidehsediitbnduktioes (CNOS¢alering shhaifaedudiingyOand in

technology is t . strai ned_| ayer, needs to_be _protected fr.o

hi gh- t enper at urgg%%gg%%l&ngos eBSTHGF ﬁ% %ﬁémﬁgﬁr F‘cg;%irgr]rnﬁ oé&sghol‘:%(posure
t o hi gh-tenper astirecpuceesdbiergist ¢he gémeiakby Siekhranellhdasteraiot ithd he
strained | ayer. r, :i.on inplantatio ich is.typically used in well
formati on, may aggnggg%?ﬁelst ?&?Er%g %}f%leéyéqrbngg‘ﬁr%éaﬁné’a he'Fevi ce properties
and di m ni shi nghttbd-pemperatoce ermbaeseirgt stepat acdn alf¢ ead vanidagedus) vy
obt ai ned when usi rai i, layers. FEurthernore,.the thinner, .the
strained | ayer ?’E?qtoﬁlté; gr%ggF%fLﬁgr %g:lepgt Fglgss_’ ?’P{glgﬁg&iynézgnlswgr Séan

wi t hstand wi t hout noticeabl e devi ce degradati on. However, various
processing steps including oxidatl ANy etehing I(rR/érﬂ:i’onChem cal etching
and dry etching) consune the tGp—égi%—ay?r%ms—rn—m—emt processi ng of
strai ned CMOS devices, the epitaxially strained Si layer has to be
sufficiently thirpkha CRUELHIRRBEALLALL 9LCKB§§31 Q%S 5inal, MY O¢s:
during oxidation and/or etching. I'n view of "the drawbacks nentioned

her ei nabove wi t BSgengiaddy sefgirsedoSCMOFO8evacknolfeyy iceiede ons aa

continued need LEpARYEkRP tARY R4 '-@rers%%danrereg%av\e/@?f eRY nt NERLAH QY o
IIl . a net ho& of

prior art problens are substantially elimnate That ~i s,
provi ding a strabpad SOOCKOS sdeviiced Sindeded whpsrteixi aliey streaimeth Siop ayer

I's formed afterognatr%EaEQ%eE§thE%qu%%%ﬂ%e388C§Opg %% 55%90%5e93 have 2

relaxed SiGe layer. Publications in the past have shown

=1 O

the potential of achieving high-electron and hole
mobilities in strained Si layers. More recent
publications have experimentally demonstrated that
strained Si layers can be used as a channel region for
metal oxide field effect transistors (MOSFETs), and have

shown that device performance is enhanced in these
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9 J UN 200 been conpleted and after nost of the processing steps that
consune Si have been conpleted. Such a nethod woul d provide a higher

per f ormance devi ce than heretofore possible with prior aginftﬁEZQﬂg Si - CMOS
devices. Summary of the Invention One object of the pres U ifon is to
provide a strained Si CMOS device wherein the strained Si |ayer is not

adver sel y af f ecLed, iy, DLghsLignuRl RUIGRL; BLACESRLIB.SLADS, ABRLCI Qb Act

of the present rnventionis provi de a Straine vice in

t he strained SiSlagabsitsates.consuned by processing steps that are known to
consune Si in the active device areas, thereby mnimzing the required

t hi ckness of the strained Si |ayer. A further -object of -'the present .

i nvention is toOpeovifdéhpr didfdicndtseepinofrehdbringt istgaanstr SineMoS | ayer

which are compaiLbheowhth eXi $HL00LEET aGessl g slepseglngse and ot her

obj ect s and, advantages achieved™in € present |nvent|oﬁeby
utilizing the i pretectednrétrioond hilgar-¢éenpelra tstreapredeSisihgyeteps doniedy

after nost of t hi.gh-tenperat ure praocessing steps and after the. si

consuni ng proceggFnéggfégggﬁgﬁepﬁggﬁsgonp & gﬁprgpiei3?8§F%§Ppﬁﬁ€tfﬁantive
nmet hod conpri seprobesstiepgs sakeps3gener8llyNr20@xes~the) steadnndna thed axed
Site layer on a %urtac§ gf a subg&rates (bﬁ fonniE% %sgLation r.eqi ans and
wel | inplant ref§toRdPER d8¥85rel SREGFOE e 18V r-EPLIAG AL OPr HPHG T 15t r ai ned
Si layer on sai ypekcateyg Sisee liayeelll foeneteohodmagndaatgeheher @xafalined

i nvention and pgi,or _to_cgnduct,.n ep ,(b). above, an.optional,. overlayer is
fornmed on the réﬂai@ge§i SgFSQéP% %hgndgﬁag$ePF898Ftﬁ§spP8 efftipgshing
overl ayer is typheabkeyfoemavead phhanhcemehasnithgtt bansbeaiadednSiageaysslyand

the strained S Layer s fanmed 1 Lhe.30ea RieYLgusly occupied by the

Furthermore, the thinner the strained layer is, the
larger thermal stress the strained layer can withstand
without noticeable device degradation. However, various
processing;Steps including oxidation and etching (e.g.,
chemical etching and dry.etching) consume the top Si
layer; thus, in present précessing of strained CMOS
devices, the epitaxially strained Si layer has to be
sufficiently thick to cover the potential thickness loss

that may occur during oxidation and/or étching.

In view of the drawbacks mentioned hereinabove with prior
art strained Si CMOS technology, there is a continued
need to develop new and improved methods whereby the
various prior art problems are substantially eliminated.
That is, a method of providiﬁg a strained Si CMOS device
is needed wherein the strained Si layer is formed after

most of the high-temperature CMOS processing steps have



overlayer. In the present invention, the strained Si |ayer nay be forned by
a selective epitaxial growh process wherein the strained Si |ayer is
formed only in areas of the relaxed Site |ayer that anggﬁx éﬁn
Alternatively, a non-selective epitaxial process may be -sﬂjﬁﬁ @brning t he
strained Si layer. If a non-selective epitaxial growh process is enployed,

the strained SibkayecompléeedednavarteieneBti b€ sheupkdtessang Isrt@p@,graphy
and etching are used to renmove the strained Si |ayer from over

i sol ation regioh a?hEOPﬁV@ﬁtﬁﬁehﬁVSC@§§Pn§°§?é6§eﬁentﬁéﬁ@daaﬂﬁﬁéoﬁaymwéd
used in conj unchi-ggiwet A ﬁQBﬁ%@tb%@%brﬂ%h@epaggﬁéé'Eﬂaﬁtﬁg§et6%b%%'”9 gate
dielectric formation, gate Stack 4 formation, source/drain

di f fusi on i npl aRP&ELBAE yhﬂhepélOWhﬁéﬁ éﬁéaéaﬁdbﬁé 6MOBoARVAg§es -FET on t he
strained Si layer. 5 - 9 J U NsgQR4,r 8" bef cResehi@ht 99n0f the Drawi ngs
Figs. 1-3 are pictorial views ilTustrating the various processing steps of
the present invention. Fig. 4 is a pictorial viewillustrating a Si CMOS
device that canche Bﬁﬁébﬁab%dtﬂé'EQeEQ%tbiﬁbﬁnﬁigﬁei%'Eg preRa el ot he
present invention illdstrated in 1-3 in conjunction"with conventlonal
gate fabr|catloﬁtﬁﬁé€§§sﬁhgcyp§p§eVFP§sWh5r81§r§h9|éﬁéﬁﬂ@ﬁdvﬁéwéayer is

IIIuFtratlng annadk! gudRrkeeyeakedcrral 9l niBR-RHESRAN bIMGRL R oWARSIY an
overl ayer

steps.

Another ‘object of the present invention is to provide a
strained Si CMOS device in which the strained Si layer is
not consumed by processing steps that are known to
consume Si in the active device areas, thereby minimizing

the required thickness of the strained Si layer.

A further object of the present invention is to provide
processing steps of fabricating a strained Si layer which

are compatible with existing FET processing steps.

These and other objects and advantages can be achieved in
the present invention by utilizing the inventive method

wherein the strained Si layer is formed after most of the

high-temperature processing steps and after the Si

consuming processing steps have been completed.

Specifically, the inventive method comprises the steps
of:



is enployed. Detailed Description of the Invention The present invention
w Il now be described in nore detail by referring to the draw ngs that
acconpany the present application. It is noted that iq_grelﬁgfzﬂﬁﬁhying
drawi ngs |li ke reference nunerals are used for describin d or
correspondi ng el enents. Reference is first made Figs. 1-3 which illustrate
the basic procegsingozheng af rehexeyesest 1Bayert bAna Spe¢htkcald w, Fig. 1
shows a basic structure that is formed after conducting step (a) of the
present inventi §HPStré8teiafter fornming relaxed Site |ayer 12 on a surface
of substrate 10. The relaxed Site |layer is fornmed on a surface of substrate
10 utilizing any conventional 6 - 9 J U N 2004 process that is capabl e of
fornming such a l(Ryefospingsisetpkien regieranphd, Wehd ABPirad Segdongydn
may be forned uggﬁbz&ggaﬁegog!@gthg?@g;ggggﬁng process such as described in
U S. Patent No. 5,158,907, a conventional Czochral ski crystal pulling
process, or epitaxy by solid phase regrowth such as described in U S

Patent No. 5, 847(c‘}1%lor§ngﬁﬁ0(a“%%%§n% ‘59918289 8h EQ?daEgﬁg%ﬁt F‘i'&%d U. S.
Patents are incorporate erein by reference. The relaxe ite l[layer is
formed on a subd®¥&Te which may include a sem conducting material such as
Si, G, Site, GAs, IriAs; InP and all other I11/V sem conductors, or
alternatively, the substrate may be conposed of a | ayered substrate such as
Si/Si G or a silIncereosmpeddmgnsr ofSthe. presestnénvanthan ehd petlead toy

whi ch the Te!aX%@n@h%%iBGY%%eﬁs(B53Q369@,05ntBEIQSEQF|%v%&l%@%'SHQStrate
are not critical to the present 1nvention. A critical aspect of fhe pr esent
i nvention howevéPrmed: Rat thige redpzrAediCe Layer -whiBRDwRR| o¥esAByS yis

becone the chan@%bsghtnh%hENQ§e§§gg@§ ks B9biRags nkeﬁbvgeigraggnkoof the

process. This isS unlike prior art processe erein the strained layer is

nornal |y forned formipios thei ptrainedndiekbsgrmend shet BErpiasdntii Awvaetr on

(See Figs. 58), ;an QN rl r Ny.t,0 f the

rel axed Site Iaigr?%%ﬁgg gh gégrFgégrp%gvgg%Fggeggeg?qu Fgrﬁg utilizing a

conventional dep¥§irtidd®Ipr ocess such as 'cheni cal vapor deposition (CVD),

pl asma- assi sted CVD, sputtering, evaporation, spin-on coating, and other

l'i ke 7 - 9 J U N 2004 deposition processes. Any material which may serve

as a protectivelfafde PiEFRs dr¥eBLirPe tPPnsSteriseni Sdndayeingavapers may

be egD' Oyeg in tfb&m{@’dewn?i\:gislé\é!&@ﬂ:ﬁ.g&( eEgltla:ﬁ).L@IIé;_qurqlﬁho}?)zrogiegmr»]qh%irfeﬁ.rpr Si

may be used as er er, . Fig. an ig. ystrates the structure

that is obtaine %ﬁfﬁ aﬂ&Fﬁa@ﬂogagﬁri§5I59Fgﬁdr85h8n§n1&r3ﬁa W1 thenpl ant s

16 in the structwlexed sibeulldyee mrewedatrbakexpbikaughaiherdaawieas,depict

the formation of trench isolation regions in the structure, .the present

i nventi on morksnﬁﬁjsémeFﬁlE@CEQlFﬁéégﬂ BXPEaEFoNaYr P& MEEGN T LOFHENGN

regions or otherthe ke riad@leat iSaN 16§@irans Ifhat nahe seekk tkrewapti @ akkhage

skilled in the art. The isolati.on region; aE%Fforne utiIL2|nggconventional
rt

d
processi ng t ech@irQUed RCCSTodT CHPLREE nSt48&NGHA Bhe lBNERCHS

i sol ation regi of®rmesi svewn tive Eehe ideawitigsturlee asdl atitbograghgnanar e
formed by defini t. reas. far .the isolation regign tili zing

convent i onal Iifﬁ%ﬁ?glhyrfpﬁgfgrggi§Fm8¥50§hFeSgﬁglﬁgéegépéayFregfﬁﬁhg a
trench in the stoweat the tilsodagh chheegabner ned phot oresi st by a conventi ona
dry etching process such as reactive-ion etching (RIE), plasma etching or

i on-beam etching, optionally filling the etched trench with a conventi onal
trench |iner natlye dnvemdhi vas pSioCe sernngi 3Nepsf mehitngnekle abovkethatyr drch Wit h
a trench dielectyd terial as. .oh 0 N e , nduct.i ng a
conventi onal p|§%§%¥§g%?6ﬁﬁﬁ¥%§§§£ %&?ﬁ égng%g§%8éﬁge§%§%i gﬁcﬁgﬁﬁ i ng
(CWP) or grindimrgeps including gate dielectric formation, gate stack

4



8 9 JUN 2004 It is noted that after etching the trench, the patterned -
photoresist is removed by utilizing any conventional stripping process well
known to those skilled in the art: Wen the structure incﬁqﬂggqggng&
overlayer, the trench is etched through the overlayer.int ed Site
| ayer and the isolation regions are forned therein, See Fig. 6. Wll

i npl ants 16, \Ahf@hmahmudesgumeewr@mndsnélfusmar ampbanbatient handt etict ure,
typical Iy afterwﬂf&f&‘i g“cg abl& b%ok{s‘h&&ﬂ rggbﬁ'&'son%ﬂe ék?glﬁgavgg“ onal
ion inplantation an 'on annea |ng rocesses we nown to those
skilled in the dayerThe ion dosage and inplant energies may vary dependi ng
of the type of dopant to be inplanted as well as the desired depth of the
wel | inplant. Moreover, the activation annealing tenperatures and tines
enpl oyed in the present invention may also vary. It should be noted that
neither the ion inplantation nor annealing conditions are critical to the
present invention. Threshold adjust inplants or so-called punch through

i npl ants (which, for clarity, are not shown in the drawi ngs) may al so be
formed utilizing conventional ion inplantation processes well known to
those skilled in the art. It is noted that at this point of the present

i nvention nost of the high-thermal budget processing steps and ion

i npl antation steps are perforned. Since the structure at this point of the
present process does not include any strained Si |ayers, the strained |ayer
is not adversely 9 - 9J UN 2004 affected by either high-tenperature
processing or ion inplantation. Wen an optional overlayer is present, sone
or all of the overlayer nmay be renoved by utilizing a conventional dry or
wet chem cal etching process or CVP nmay be enployed (See, Fig. 7 in which
all the overlayer is renoved). As shown in Figs. 7-8, this step forns a
cavity 17 in the structure in which the strained Si |ayer may be forned. A
conventional wet chem cal cleaning step nmay now be conducted on either the
structure shown in Figs. 2 or 7 Next, and as shown in Fig. 3 (and Fig. 8),
strained Si layer 18 is formed on the structure by utilizing either a

sel ective epitaxial ("epi") process or a non-sel ective epi process.
Specifically, CVD or nol ecul ar beam epitaxy nmay be used in form ng the
strained Si |ayer. The selective epi process which is preferred in the
present invention grows the strained Si |ayer on only the areas of the
device wherein the relaxed Site layer is present. No growth occurs on the
isolation regions utilizing the selective epi process. Any conventi onal

sel ective epi process that is capable of growing a strained Si |ayer on a
rel axed Site |l ayer may be enployed in the present invention. The

non-sel ective epi process, forns a strained Si |ayer on all portions of the
structure including the isolation regions. Wen such a process is utilized,
the material grown over the isolation regions is renmoved in a 10



- 9 J UN 2004 subsequent step by utilizihg conventional 1ithography and
etching. Fig. 4 shows a final strained Si CMOS structure that can be forned
usi ng the proocessing steps shown in Figs. 1-3 in conjunction with

conventional processing steps that are capabl e of fc-r@ ﬁ region in
the structure. Specifically, the structure in Fig. 4 includeS Substrate 10,
relaxed Site layer 12, isolation regions 19, well inplants 16, strained S
| ayer 18, gate dielectric 20 Atgecgndyctgf ? , wal | spacers 29, and

a 14
O

source/drain diffusion regi =P 3 cEL A
using the strained Si ‘| ayered structure shown in Fig. 8. It is noted that
the.gate region depicted in Fig. 4 is' formed utilizing any conventi onal
gate formati on Pr&ressih@ie i el el Yiswownl 1 ys trat Bng . thenj warieusdes,
formation, viaglepasidim) HegheSMndridiht Of gt g el ectric 20,
depositing gate conductor 22 on the gate dielectric, patterning the gate
region by l|ithography and etching, form ng spacers 24 by deposition and
etching, and farig.ng the Higfausd Omy GgﬂéwSil%é@EhﬂmJ{ A | Q@ NWevice
anneal i ng. Since such gate fornmation processes are well known~to those
skilled in the Bt e fakriiated ptsigw e dans iy RIRCSIFANG S RIS

provi ded herei npf T Gt &R0l O drst S 0 10Q1HR0SA% OF 1 £ oyENt if-r@'iﬁrﬁt erials
wel | known to those skilled in the art. For exanple, gate dielectric 20 may
be conposed of “GPHNCion With AGQVEITIRIEI3 JateOL ARt et dHekon | Keo e oy
gat e conduct or stgmy be conposed of a conductive netal, e.g., W Pt, Co or
Tip polysilicon; a stack including a | ayer of polysilicon and a conductive
netal; a netallic silicide such as WEi x; a stack including polysilicon and
a metallic silirige; 508 Giherpid e GONAMGIY & 1Ml & A Shg aig AR £ A7 €
formed of Si02 or SN The gate conductor may al so be cdpped wth a hard
maski ng mat eri aﬂmbajjclﬁ“%&t SN EhfiR%e 191 S InRAHE Oh TRt See mipae kA ¥el v
shown and descrieshpiidyed.espect to preferred enbodi ments thereof, it wll
be understood by those skilled in the art that the foregoing and ot her
changes in fornms and details may be nmade wi thout departing fromthe spirit
and scope of the present paventé®meddristiderof ofige i theagedot hat the
present invention not be limted to the exact forns an etails described
and illustrated, but fall within the scope of the appended clains. 12 -9
J UNIUOr 1.The matdmachtofirfahiticat iwid 1a oMo estddid mings dhavi i@ st rai ned

Si layer fornmed, therein, said nethaqd rjsi
y detail by ré?errlng(%o(¥ﬁgjdraé¥%gs that accompany the
present application. It is noted that in the
accompanying drawings like reference numerals are used

for describing like and/or corresponding elements.

Reference is first made Figs. 1-3 which illustrate the
basic processing steps of the present invention.
Specifically, Fig. 1 shows a basic structure that is
formed after conducting step (a) of the present
invention, i.e., after formiﬁg relaxed SiGe layer 12 on a
surface of substrate 10. The relaxed SiGe layer is formed

on a surface of substrate 10 utilizing any conventional



the steps of: (a) formng a relaxed Site | ayer on a surface of a substrat e)
(b) formng isolation regions and well inplant regions in said relaxed Site

| ayer; and (c) formng a strained Si |ayer on said relameg1 Ut,@z er. 2.
The method of Claim1 further conmprising formng an overl i d

rel axed Site layer prior to conducting step (b) . 3. The nmethod of Caiml

wherein said reldeRdsa e aha%er ca$alhdlk ; | r
Czochr al ski cry?’?)gl Sul i r?g proc‘::g1 g orerrg%i. %@%ﬁ?ﬁd%%‘?ﬁ eog} St h. 4.
The met hod of CSa@traiger eifiors gXampligst rtiiee red axedpSsicd dfaysiy nGey 1Sit e,
GaAs, InAs, |nPgoSifed GRiQN A s ki = i l,a 13 ...-9 JUN 20 5. The
method of Claim 1 Wr?erei r:1L'slai cril%“': So;&g?ﬁv%%tﬁggﬁ%&n g?"elﬁ%r ST G501 AT o

regi ons of LOCOSesegiidgs. 16 UrBe Rettieod oMo .Cl5ailinss Mifer @i wosniechtiisoiadt i on

are trench isol @tz!o‘&'?xrl%ﬁ_%ik‘i”%(r&@%taéi %fl‘l%@egg%zes(si ) O%p%lpyikcg\g%ﬁ&{)ygg resist

to said relaxed Site layer; (ri) oS ng “a evel'oping*t SO
as to forma pabPhese tiegremth Guich) ast cleisieg ibledouigh Usai.d Baatetrar Nd.ormi ng a

trench in said ke e i.tgyla waCly) fd Lhin id ren with ..
dielectric materi Iglq??’grﬁ'(\%hep}éghgfﬂzt:én&fl 'F&ieT%g%?}letoﬁ&%gf agg’dﬁ%ef‘%ﬂ?é}eéi n
sai d wel | inpl abt-§ .aPatentsed rey inae ripophkdedahiere iantyaateifieatdr@e .anneal i ng.
8. The nmethod of Cdaiml wherein said strained Si |layer is forned by a

sel ective epi process or a non-sel ective epi process. 9. The nethod of

Clai m 1 wherei nThei dedaxedn&dGsi lhgeer iiss foameeld ohy ac beilistala teapfich may
deposition or r.b .enl .. 10 he.nmethod.of Claim2 wherein a
portion or all ngb%gauih , 8\/%?%}?@?&??%}3 \1}15 eprlir‘:’rl‘g'r Stughcgﬁdﬁ&t'i r?'ng’stse‘ﬁge('c) o)
as to form a cabiafg,bérideenIn® dndselldt bsherediIany weariebndue teaisy sty ai ned

Si layer will bgitarpediyii, T [ further conprisin
additional gate formati on %P’écgggi nggggégfééqn%&%% cdpdted” ST d Yatred
substrate such as S$i/SiGe or a silicon-on insulator

(S0I).

It is noted that the method by whiéh the relaxed SiGe
layer is prepared or the details of the substrate are not
critical to the present invention. A critical aspect of
the present invention however is that the strained si
layer which will eventually become the channel of the
CMOS device is not present at this point of the process.
This is unlike prior art processes wherein the strained
layer is normally formed at this point.

In one embodiment of the present invention (See Figs. 5-
8), an optional overlayer 13 may be formed on top of the
relaxed SiGe layer. When an overlayer is employed, it is
formed utilizing a conventional deposition process such
as chemical vapor deposition (CVD), plasma-assisted CVD,

sputtering, evgporation, spin-on coating, and other like



14 - 9 JUN 200g 12. The nethod of Claim 11 wher ei n sai d additional gate
formation processing steps include: (i) formng a gate dielectric on said
strained Si -layer; (ii) formng a gate stack on said gate dielectric; (iii)

formi ng sidewal | spacers on said gate stack; and (|v) forﬁ-rrgn %mw drain
di ffusion reglons in said structure. 15 A3 !. A s A ! QLEQ _

L. Ay. AL9. AH A 3ep0dye £ - fP&cEEsés A .ﬁhf@ma@%@iii which may serve as a
protective layer such as dielectric films or
semiconducting layérs may be employed in the present
invnetion. Fof exampie, SiOz'Siﬁh, SiGe or Si may be

used as overlayer 13.

Fig. 2 (and FPig. 6) illustrates the structure that is
obtained after formation of isolation regions 14 and well
implants 16 in the structure. It should be noted that
although the drawings depict the formation of trench
isclation regioné in the structure, the present invention
works well with LOCOS (local oxidation of silicon)
isolation regions or other like isolation regions that
are well known to those skilled in the art.

The isolation regions are formed utilizing conventional
processing techniques well known in the art. In case of
the trench isolation regions, as shown in the drawings,
the isolation regions are formed by defining the areas
for the isolation regions utilizing conventional
lithography (photoresist exposure and developed), etching
a trench in the structure through the patterned
photoresist by a conventional dry etching process such as
reactive-ion etching (RIE), plasma etching or ion-beam
etching, optionally filling the etched trench with a
conventional trench liner material such as Si0, or Si;N,,
filling the etched trench with a trench dielectric
material such as 8i0,, and, if needed, conducting a
conventional planarization process such as chemical-

mechanical polishing (CMP) or grinding.
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hen the structure 1ncludes an overlayer, the trench is

etched through the overlayer into the relaxed SiGe layer

and the isolation regions are formed therein, See Fig. 6.

‘Well implants 16, which include p-wells or n-wells, are
formed in the structure, typically after formation of the
isolation regions, utilizing conventional ion
‘implantation and activation annealingjprocesses well
known to those skilled in the art. The ion dosage and
implant energies may vary depending of the'type of dopant
to be implanted as well.as the desired depth of the well
implant. Moreover, the activation annealing temperatures
and times employed in the present invention may also
vary. It should be noted that neither the ion
implantation nor annealing conditions are critical to the

present invention.

Threshold adjust implants or so-called punch through
implants (which, for clarity, are not shown in the
drawings) may also be formed utilizing conventional ion
implantation processes well known to those skilled in the

art.

It is noted that at this point of the present invention
most of the high-thermal budget processing steps and ion
implantation steps are performed. Since the structure at
this point of the present process does not include any

strained Si layers, the strained layer is not adversely

9
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affected by either high-temperature processing or ion.
implantation.

When an optional overlayer is present; some or all of the
overlayer may be removed by utilizing a conventional dry
or wet chemical etching proéess or CMP may be employed
(See, Fig. 7 in which all the overlayer is removed). As
shown in Figs. 7—8,'this step forms a cavity 17 in the

structure in which the strained Si layer may be formed.

A conventional wet chemical cleaning step may now be
conducted on either the structure shown in Figs. 2 or 7
Next, and as shown in Fig. 3 (and Fig. 8), strained Si
layer 18 is formed on the structure by utilizing'either a
selective epitaxial ("epi") process or a non-selective
epi proceSs. Specifically, CVD or molecular beam epitaxy

may be used in forming the strained Si layer.

The selective epi procéss which is preferred in the
present invention grows the strained Si layer on only the
areas of the device wherein the relaxed SiGe layer is
present. No growth occurs on the isolation regions
utilizing the selective epi process. Any conventional
selective epi process that is capable of growing a
strained Si layer on a relaxed SiGe layer may be employed

in the present invention.

The non-selective epi process forms a strained Si layer
on all portions of the structure including the isolation
regions. When such a process is utilized, the material

grown over the isolation regions is removed in a

10
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subsequent'step by utilizing conventional lithography and
etching. '

Fig. 4 shows a final strained Si CMOS structure that can
be formed using the processing steps shown in Figs. 1-3
in conjunction with conventional processing steps that
are capable of forming a gate region in the structure.
Specifically, the structure in Fig. 4 includes substrate
10, relaxed SiGe layer 12, isolation regions 14, well
implants 16, strained Si layer 18, gate dielectric 20,
gate conductor 22, sidewall spacers 24, and source/diain
diffuéidn regions 26. A similar structure would be
formed using the strained Si layered structure shown in
Fig. 8.

It is noted that the. gate region depicted in Fig. 4 is-
formed utilizing any conventional gate formation
processing technique well known in the art. This
includes, formation, via deposition or thermal growing,
of gate dielectric 20, depositing gate conductor 22 on
the gate dielectric, patterning the gate region by
lithography and etching, forming spacers 24 by deposition
and etching, and forming the diffusion regions by ion
implantation and annealing. Since such gate formation
processes are well known to those skilled in the art, a
detailed description concerning the same is not provided
herein.

The gate region is also composed of conventional
materials well known to those skilled in the art. For

example, gate dielectric 20 may be composed of SioQ,,

11
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10908 () - - >" %#$271,0,, D o0 hér (11 ke oxides, gate conductor 22 may be
composed of'a conductive metal, e.g., W, Pt, Co or Ti;
polysilicon; a stack including a layer of polysilicon and
a conductive metal; a metallic silicide such as WSi,; a
stack including polysilicon and a metallic silicide; or
other like conductive materials, and spacers 24 are
formed of Si0, or SiN. The gate conductor may also be
éapped with a hard masking material such as SiN.

While this invention has been particularly shown and
described with respect to.preferred embodiments thereof,
it will be understood by those skilled in the art that
the foregoing and other changes in forms and details may
be made without departing from the spirit and scope of
the present invention. It is therefore intended that the
present invention not be limited to the exact forms and
details described and illustrated, but fall within the
scope of the appended claims.
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1. A method of fabricating a CMOS structure having a

strained Si layer formed therein, said method comprising

the steps of:

(a) forming a relaxed SiGe layer on a surface of a

substrate;

(b) forming isolation regions and well implant regions in

said relaxed SiGe layer; and

(¢) forming a strained Si layer on said relaxed SiGe

layer.

2. The method of Claim 1 further comprising forming an

overlayer on said relaxed SiGe layer prior to conducting

step (b).

3. The method of Claim 1 wherein said relaxed SiGe layer

is formed by a growing process, a Czochralski crystal

pulling process or epitaxy by solid phase regrowth.

4, The method of Claim 1 wherein said substrate is

composed of Si, Ge, SiGe, GaAs, InAs, InP,
silicon-on insulator.

13
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are trench isclation regions of LOCOS regions.

6. The method of Claim 5 wherein said isclation are
trench isolation regions that are formed by: (i) applying
a photoresist to said relaxed'SiGe layer; (ii) exposing
and developing the photoresist so as to form a pattern
therein; (iii) etching through said pattern forming a
trench in said relaxed SiGe layer; (iv) filling said a

trench with dielectric material; and (v) planarizing.

7. The method of Claim 1 wherein said well implénts are

formed by ion implantation and activation annealing.

8. The method of Claim 1 wherein said strained Si layer
is formed by a selective epi process or a non-selective

epl process.

9. The method of Claim 1 wherein said strained Si layer

is formed by chemical vapor deposition or molecular beam
epitaxy.

10. The method of Claim 2 wherein a portion or all of
said overlayer is removed prior to conducting step (c¢) so
as to form a cavity between said isolation regions

whereby to said strained Si layer will be formed.

11. The method of Claim 1 further comprising additional
gate formation processing steps.
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- formation proce551ng steps 1nclude. (i) forming a gate
dielectric on said strained Si layer; (ii) forming a gate
stack on said gate dielectric; (iii) forming sidewall
spacers on said gate stack; and (iv) forming source/drain

diffusion regions in said structure.
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