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WD 2004/ 114400 PCT/ EP2004/ 050946 1 H GH PERFORMANCE
CMOS SO DEVI CES ON HYBRI D CRYSTAL- ORI ENTED
WOEUBSFTRATES DESCRI PTION Field of the |nventi oPCBHERD64/050946
present invention relates to sem conductor devices,
and nore particularly to integrated sem conductor
devi ces, such as
silicon-on-insulator(SO)/conplenentary netal oxide
sem conductor (CMOS) devices, that are fornmed on a
hybrid crystal oriented substrate. |In particular, the
present invention provides alneans for integrating at
| east two types of senmi conductor devices, such
asNFETs and PFETs, onto a bonded substrate havi ng

R s

dependent upon D 5
a particular cryst aI ori ent ation. For exanple, the
present invention fornsNFETs on a (100) surface, while
the PFETs are forned on urface. The (100)
crystal surface provi desﬁ?\ﬁ{—(;ll’:]%@)r\g\?ﬁh hi gh perfornance,
while the (110) crystal surface provides PFETs with

hi gh performance. 15 Background of the Invention In
present seniconduct or FElpfsheoyentionns devi ces, such
as NFETs or PFETs, are typically fabricated upon

sem conductor wafers, such as Si, that have a single
cryShapresant imzama'mi relates kowsepredniiuubrateyican shd wre paaégplagly to

oS S e B SRR By e
ox{¥8 \¢émRoftutdr (@{ﬁdsa HvibdR! thak atd Rghen & Hﬂfrﬁﬂﬁystal oriented substrate.

orientation, but holes are known to have hig
In mmwlam {hefpgsent ipventipn provilasemeRSdol RteREHNG ma@st fwo types of

sexP lﬁfo? 'dHl{: Nii2h YERFEP, dl@lﬁ% 5. é)ttdaﬁ ﬁode@ff gﬁﬂsﬁgt% )ﬁa‘%ﬁg different

g correspondi ng e ron Pt
cr;fstaﬂlogl’aplﬁc ofiéntationk| Dhe pdtion of pachriewice omthe‘Bond&nirquhstEatﬁ ie dependent

up{}&sl) {hﬁtppl glggng%ﬁgﬁgd%%;ﬁg ?I.Esg)zlraal{agtlotage Iﬁ?y?"@ é‘ﬂl‘?”ltah gn B example, the
pré%b'ﬁt rlﬁféﬁlﬁo@%hm ECOENT ﬁ-ﬁopéﬂrfacéj QM SHE T SreforAdion a (1 10)

achieve uniformcircuit sw tching. NFETs having | artgn
susfhagtt The G109) cnystebsurfate prowidesdd Eﬂhefgﬂh hlahkperiqsmance while the (110)

i cant On the ot her hand,
cr)ﬁk’? %“I}t:f’ﬁﬁﬁoqu%% ‘f’ﬁ%ﬁh ?r% h?x hi gher than on
(100) Si; therefore, WD 2004/114400 PCT/ EP2004/ 050946

2 PFETs forned on a (110) surface wll exhibit
significantly hi gher Bagkgtound of the lventiosaj PFETs  f or ned

O n ?rié%? Q%se?fﬁ% Etor HQﬂxﬁﬂg'}*r@M@Sydevﬁlsse ShdHOR NP ot PFEBs, are

Su r aces are
typlcally fabricated upon semiconductor wafers, such as Si, that have a single crystal

orientation. In particular, most of today’s semiconductor devices are built upon Si having a
(100) crystal orientation.

Electrons are known to have a high mobility for a (100) Si surface orientation, but holes
are known to have high mobility for a (110) surface orientation. That is, hole mobility values
on (100) Si are roughly 2x-4x lower than the corresponding electron hole mobility for this
crystallographic orientation. To compensate for this discrepancy,PFETs are typically designed
with larger widths in order to balance pull-up currents against theNFET pull-down currents
and achieve uniform circuit switching, NFETs having larger widths are undesirable since they
take up a significant amount of chip area.

On the other hand, hole mobilitieson (110) Si are 2x higher than on (100) Si; therefore,
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significantly degraded conpared to (100) Si surfaces.

The el ectron nobility degradation on a (110) S
waoiiac0d s shown, for exanple, in FIG 1. |n PFCTZEP)4/050946

the solid |line represents electron 5 nmobility, while

t he dashed line represents hole nobility. As can be

deduced fromthe above discussion and FIG 1, the

(110) Si surface is optimal for PFET devi ces because

of excellent hole nobility, yet such a crystal

orientation is conpletely inappropriate for NFET

devi ces. Instead, the_ (100) g surface is op

PFEB$ fupmad ere/ (1d B)susfap wilt mmwgﬁgﬁ@nﬂbhagh?ﬁdéw SHYI@éﬁ/@PIEFETS

Ct [ |t
g SRR e Rpd o Ui o et e
sighifieéntBrdegiadédeahpapdrio €1 (D) BEdurfates. Taw elegrati rhblsh‘gfrdegradatlon ona
stal orientations that rowd p qerforma
(Upbg i grfagsas shqven, dugremplerindilG; & Ing é i?d:‘rasoélﬂ Ine represents Slectron
moBURY, Wil T s qgletrébré:sreﬁ@thgle"i‘mﬁjﬂﬂ?t rate which allows

one’type of device, 'such as, for exanple, aPFET, to be
f or A® darde ch:dumtfmnnthe @bw@mﬁgnmﬂlF&Gsh ied &0) S segfaceas optimal

forg’é%?&)dg%clg; ‘%%gqﬁgmg ?“g liln%ﬁ]%&% ot ﬁsu{gﬁé es?afl 01d gﬁ{at?o% 'is completely
inappibplisb FRWFEIdeSiced! r]fn@t%ﬁi, 1R (300) S surkRe)s GptinfaR €@NFET devices

umrary of the Invention One ob%'ect of the present
Slnpmthemr}’?&i origntagpmiawers glectzonmotib i ntegrating

CR0GUP kS fabg\%vgl%% a S Yo ﬁ@#ﬂdﬂigf 1}‘1% h sEMR:%ﬁdtﬁfor devices
v ces are formed u a speciflc cry orientation
tha® fareefoﬂmmdlpdn a Sublsgite amang bikferenn brastalenmehtaﬁomhﬁtqlrmdm@hmal

of the device,_ 20 Amoﬁga gbj ect of tH

ese
performaneq f9na FReCHls dsvise thetcia an grerpheia ga’i“ieﬁéo create a substrate
Wh?ﬁfglﬁ?lgg ' ofj(fe\(/ic% Estich Hé: Bort Radbple P FRTEISbeXoAnd AL @ftain
on a rystal | ographic plane, while the NFETs

crystallogreptae sufaoe) ea.,(21(0 @9) aurfgz@t arhﬂ@@wrmpm apofeniype of deyice, such as, for
bonded trat t
xR ErE TG o St Srre o GeR? el o (o B REE

silicon-on-insulator(SA) technology with
conpl enmentary netal oxide sem_ conductor (CMOS) 25
technol ogy using si npiBHY OERENFBEssi ng steps. A
still further object of the present invention is to
provi de a nmethod in which one CMOS device w |
OreeBjakct dfithespreseht ineerttion mtotpemwdﬁ\meﬂied! piategidting |ggn1conductor devices

ul k furt ect of he f[hesent
sot Ry AR e 6 ViRrS B T mRkRg & SR TH PR iqq g @ bonded
subleMieGRs eRIRInBL th &mﬁ&%oﬁ&&@cel i ke. 30 A yet even
further object of the present invention is to provide

a méhther ehjedt nf thg peesent inventemis ¢p provide 8 oot dpfegrating

s R B GG S B Lo bl pone, v
thd WER'Bs 48 Ickated &0 h (T00Y &fy@iall@gﬁﬁﬁhpl@n@@ﬂa‘lamée(bdlﬁmmte An

addi ti onal object of the present inventio
pr oV} leher obiec Ppresent Bypon i to provide a met 0d Of mtegratmg

silicon-on-insulator (SOI) technology with complementary metal oxide semiconductof! CMOS)

technology using simple and easy processing steps.

A still further object of the present invention is to provide a method in which one
CMOS device will beSOI-like, while the other CMOS device will be bulk-like.

An even further object of the present invention is to provide a method in which both
CMOS devices being integrated are SOI-like.

A yet even further object of the present invention is to provide a method to integrate

strained-siliconNFETs on a (100) crystallographic surface plane with silicon or strained-silicon
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different CMOS devices onto a bonded substrate having
different crystallographic surface planes wherein

WO s@kat44o0mn regi ons are fornmed between the di f fRBCEREP2004/050946
types o[ MOS devices. 5 These and ot her objects and
advant ages are achieved by utilizing a nethod that
i ncludes the steps of wafer bondi ng, masking, etching
andregrowt h of a sem conductor |ayer. Specifically,
the nethod of the present invention conprises the
steps of: providing a bonded substrate conpri sing at
| east a first sem conductor Bayer of a first

PFEMy ot al(l l@gmapmlﬂqgranhi@utfa@q M#eand a second
sem,co y .
or 1 et o sbis e eGPk ide3n AR b ibrating
diffdréf CMOY 8évadel 0gto anianaedmub sttateliaving dlﬁerelmtfcm:a@ngrapmo surface
sai d second crystallographjc orientation andm
plappy whergiaisolasion Eﬁﬂ“ms aeprped et ihe differentfypes S devices.
1
ARG XS o BERERED P2 124801 iy o g s
thd stepsioffigrafen hartdingy maslﬂng, etchifg andegmmm offa sanieandagter layer.
unpr ot ect ed ai rot.ect ortion.of the. bonded
Spi@ggag]@f Y%F H%egm g’ﬁlpﬁ RN E?fblg sgpthg stens o efet chi ng
sai grviRhdd E&f'd@&'s%@tﬁté esmMMisidg R 1ReNHied: sticntadier lhger of a first

expose a surface of the 'second sem conductor | ayer;
crystadiograblig orientation @b a second sevpicendugior xerdiagecong sg@aﬂlographlc

f
o e 30 S50 ST 5 5 hion s i
froM s erbaddtydtdiRigraphic ozientatien aﬂmﬂafﬂsttshmwndlmm layer lies above said

crystal |l ographic orientation; planarizingthe bonded
Se%ﬂﬁ‘%’? UeWRlaEThi ng t he sem conductor naterial so

th a%)r(ﬁ&:tlﬂg ng)rtloﬁ Uf ﬁx@%@n&fd stib@rafd b AL ARLNFS OIS afa, while leaving

| ayer stantially planar with an upper surface of

another postéon afdinchontat sulysttate imgiroteetad shidunprotpeted ppdipstof ghedonded
em condugt or. device in said first device

supsgafe&?%nwﬁialsgcop ARIEH™S5 at | east one second

S eMgREAMP T AnprdReied poion DA HoRAGIABE 46 10 expaat arsidhceiof the
sai d second device area. In accordance with the
segnd SeRiCONGIPIOR1AYeH, the first sem conductor device

may ¥
o o S L SRR oo
semiohdumivet Ugien maid ee&hmendm‘y)r blateauaNFﬁﬁlgaa’Myﬂtﬂbgwhm regientation that is
crystall%sg h|c r|e t.ati,on ma be 30 (100) or (111).
thg gamegs g ‘ﬁ’% ggrla If Qe i nvention, that the

fi 1 $HlandRALSROBHRIL subdBMe %&thﬁmg&hé\ﬁﬁffco%ﬂ@ctbﬂﬁéteﬁﬂ@o that an upper
second sem conductor device is aPFET. |In one

suﬁn@atflthﬁeﬁnst agmlqOh@omré@@ntS sibsrantielly planaryathrastypper surface of the
furt e age ud dform ng isolation regi ons between the
Sefeon 6°er\ﬁ‘ & rangl on and the second device region. In

yet femghfaefidRdirfmahicohdiche devies Bithid iiwalevico negidr) evhile forming

WO 2004/ 114400 PCT/ EP2004/ 050946 _4
at least one second semiconductor device on said semiconductor material in said second device

area.

In accordance with the present invention, the first semiconductor device may be 2PFET
and the first crystallographic orientation may be (110) or (111), while the second
semiconductor device may be anNFET and the second crystallographic orientation may be
(100) or (111). Tt is also possible in the present invention, that the first semiconductor device is
a NFET and that the second semiconductor device is aPFET. In one embodiment of the
present invention, the method further includes forming isolation regions between the first device

region and the second device region. In yet another embodiment of the present invention, the
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sem conductor material conprises an upper |ayer of

strained Si and a |lower |ayer of relaxed SiGe alloy
wo@roa/184® al | oy. Anot her aspect of the presentPCI/EP2004/050946

invention relates to an integrated sem conductor

structure containing at least two types of devices,

wherein at | east one of the devices is forned upon a 5

first crystallographic surface that is optinmal for

that device, while the other device is fornmed upon a

second crystallographic surface, which is different

fromthe first, that is optifal for the other device.
sersp@aﬁuﬁ:ioe alateyial qomprisesranaipnerdaysk of steninerls ant a lowpe ey etoH relaxed

rlseé(jq bonded substrate conprising a first
b %% having a first crystallographic
0 r | Aﬁbt&bﬂ £RPecd BEithe pread Reifdh eRitds e@ammtdgammmmélmmmcune
crystallo raphic orientation, said firs

coniRipmg At leatitw Mives o dexices Miherein af least qnérOé H%e qe?"a?ﬁ ig forgped upon a
i
e GEAR S SOOGS0, B 0ok s e
upset mcdncﬂﬁystwlh)gtt@glccsmfaceawﬂmhus dh&asnt ﬁxura thej firstt that is optimal for the
con in sai f.irst deV|ce

de |
Othﬁég%"b‘i? 8°‘ al]lyeéégg‘ffﬂgg %g EQFﬁe@é?ﬁeBB‘?ﬂﬁ?ﬁ 5¥%devi ce

| oc gbesheliRusiitafd oRBANA g ! 8@t G&n&&@gﬁﬁ haviBg 4 Arsd66/OtNeRSshic
with the present invention, frrst sem conduct or

onmmwnmemddmmeg@n@awng afs¢q0§d ceysipBegianhagorigakation, said first

SR o ) o e MR G5

cryat &bladiof RplonGesatgisaidifivst dovige begion(fd03aidsecOdddgvice region;
It is also possible in the present invention that the
and j r st semi conductor device is an NFET and the second
S e maLC AU it %ﬁl\féo‘ﬁﬁudt& Rk g-lbca‘;gﬁ &0 Wﬁfsg&gvﬁfe'r@éio@&nd at least one
sem conduct or devices wll be dependent on the
secmngl sd;rmlcomdulcmn tiati¢edncated ih lsgd lsenodé de‘acﬁmsgloat e. Brief

Des tlon of..the Dra I S. a
Craviny s ek b P e shisPpdioRy gRinfiged be e
ané tﬂéﬂ’lrﬁ%b%tallogﬂaﬁﬁc oAéhtAfondh£y Rl (C1®rdral 111, @ﬂﬁl%&l&mﬁea&ﬁdo ns
(through cross sectional views) illustrating

sepigenducisyr dedesmaybadgEland thy @&W%Clvﬁéﬂqsif%@rﬂnemaﬁon may be

t
O S L, 5 T MR €5 dvie
an DNFETethdshdxet oral semidohdBtor dvid®isatd L cthe lcmﬁlguranon of the

representati ons of various fers that m
s GRARER catibes Ol Ge APepIEH i oy Sed O PR AR gE A FoRae Sbsrate
2A-2E. FIGS. 4A-4J are pictori aI representations
(through cross sectional views) illustrating the
basi ¢ processing sBepEDesstptionofithe Bfawings hi gh
per f ormance sem conductor device containing 30 two
NFETs fornmed on a (100) crystallographic surface, and

aPFEIG. Wiu £plof oF Y08 aLe41Ves. westllophphiblbidifationfonesi substrate.

a (1&E§ stallo raphi c surface. WO 2004/ 114400
F E)g@g)ggona; representatlons (through cross sectional views) illustrating

the basic processing steps utilized in the present invention in forming integratedCMOS devices
on different crystallographic orientation planes of a bonded substrate.

FIGS. 3A-3D are pictorial representations of various wafers that may be bonded
together and used in the method described in FIGS.2A-2E.

FIGS. 4A-4] are pictorial representations (through cross sectional views) illustrating the
basic processing steps used in forming a high performance semiconductor device containing
two NFETs formed on a (100) crystallographic surface, and aPFET, which is located between
the NFETs, formed on a (110) crystallographic surface.
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FIGS. 5A-5G are pictorial representations (through
cross sectional views) illustrating alternative

w@e@easadng steps used in form ng a high perf oPOEER®04/050946

sem conduct or device containing two NFETs fornmed on a
(100) crystallographic surface, and aPFET, which is

| ocat ed between the NFETs, fornmed on a (110)

crystal |l ographic surface. 5 Detail ed Description of

the I nvention The present invention, which provides a

met hod of formng different sem conductor devices,
such_as NFETs and PFETs, ont® a bonded substrate ] )
hav iFHgS. diA-PSraspictoripkrepreseatptiapshrough qross seaiongljviqws) glystrating

eori . Ol i e _
G s A R
cofiaiinpninoNREEs fornesioiia @PP)| cr@iliogrphit Burfive, Ada®FEEWhiol is
drawi ngs, like 10 and correspondence el enepts are
logaggdcdiervisgn ity WHETS, frmed pa p 4H 0 crysiatiogiprhic firiace. 2 A
illustrate a bonded substrate 10, i.e., hybrid
substrate, which nmaybe enployed in the present
i nventi on. As shoetailed Desdiptionef theimvediion ncl udes a
surface dielectric layer 18, 'a first sem conductor
| ayer 16, an insulating |ayer 14, and a second

S e M ge PebdEt Phven BNE fwhich prdides aRRBRToSRShE aiffreh?sdiBYonductor

further include an optional third sem conductor |ayer .
deyigen, seheaMF Bl and PHETS, entp g bandad spbsiatn havingalifiesens gystallographic
i Il [y ; i . . .
RO S b iB0 el Uiy 2003, RSy gcossionas v
as Slecdrnsling e thatavocpargrthe prgent dpplitatiom T the aptongaaying fiawings, like
sem conductor, | ayer. The surfzﬁ%e ielectric_|layer 18
ang copgRRORAsAeREleraeiig fie At Terradyoiby ik refgiepes, numerals.

ni t fErd e QX HRtrhte i $BndedsubtdRr1 0! 18 UyBkil R8bstB%ewhith 8lay b8 employed
either present in one of the initial wafers before”

in herrdeset, inventipg. As sk, howled suhstriterl§ indwles e svrthee distectric layer 18, a

ﬁrlﬁe%lglé:é)éguc ({rtlger f %égﬁgfaglﬁé Pa%iertb%, g{;ﬁ ﬁlf ge:ﬂ:orgdr éelgnelcgo%{wtor layer 12. The

boRddINubttaEal0 MRy figtheP¥chiePasoptiofil thiNDiemitdiglheblayd (#di€hown) that
origin of the surface dielectric Iaq){l

18, th
is Ingpipd beneathdhesecpRdsegRaAucier Ifves 13, i Rpfiarial byndd sybstrate,

oo 4 R ol R 12l pion i

sefhiitenfuatstlayeen conductor | ayer 16 is conprised of

oY S 0 B Sy A5t e i B
or\Oeel indSla@ig B erlthdt/iseifbr prédeM in 0RO BPML MeltiNHESS BebdfelRh8ing, or
First sem conductor |ayer 16 may al so conpri se anSO

fotmdentopothe first geraicondwetdr Bep:r IHuisier wafeebending bygibeiaithermal process
.send. uctor..such as. .for .ex e, / ISt -
BTG B B 7B ST o
thé@sdrfats dicREyR Atk 08)rihpduirfacoditledtialdyon] 8 Msiadhickress of from about 3 to

pref erably (11_0???AI t hough a ggq]llo) crystal orientatio
abput 39P @y Wit thickeess ptizem aboit & s ekt &Y nmdeingyaqgre

hav 7 i ) ' bAdheti terial includin

oy el P S gl i i,
fodexqaaptt, 87 SiT) SiGie SiGe,iGel allv, 3a84/TiAg 400 as well as other III/V or I/VI

corF:)gcl)-llm s%gn?é})/n 1?(:%:?;516 Firgt semiconductor layer 16 may also comprise anSOI layer of a

=3

a

n
eferred.

preformed SOI substrate or a layered semiconductor such as, for example, Si/SiGe. The first
semiconductor layer 16 is also characterized as having a first crystallographic orientation, which
is preferably (110). Although a (110) crystal orientation is preferred, the first semiconductor
layer 16 may have a (111), or a (100) crystal orientation.

The thickness of the first semiconductor layer 16 may vary depending on the initial
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starting wafers used to formthe bonded substrate 10.

Typically, however, the first sem conductor |ayer 16
whaw4a144b6 ckness of from about 5 to about 500 POT/ERRD4050946

a thickness of fromabout 5 to about 100 nm bei ng

nore highly preferred. The insulating |ayer 14 which

is | ocated between the first sem conductor |ayer 16

and 5 the second sem conductor |layer 12 has a

vari abl e thi ckness dependi ng upon the initial wafers

used to create the bonded substrate 10. Typically,

however, the insulating |ayer® 14 has a._ thickness_of

stattingryaiers uged o fmethe hendsd ﬁuhstrme tlA. Aypipalbk hewavepithe figh
se%%gﬁ' c%rﬁ f;@ﬁ%& ajtf}g oiqfdrﬁ] iP5 % Qﬂoqp% % %s;@rar tﬁﬂkness of

I nsu ay er |s an oxi de or other I
fronnsholes Wabﬂaﬁmmmhbemgﬁtord}ﬁgﬁlppfmaimdn one or both of
the wafers prior to ing. .10 The _second |,
semlesmauakng layegylérwhl@ is éoce@ﬁﬁnggz%ths%lst semiconductor layer 16 and
h BRI IR T £ hhH valbie hiciiRYs dBerddify RNEhOhitial waf:
t l?ﬁr ent fromrt RHat of S?th Tl rstlcserrsl cg%duc or |layer @ waters

usatho cilateghe banloh substatail 0o Wgnicdlly; hovegyer, thednsrdatingiayen tehas a

thlfﬁasgs SR RipuT 0 105 S B i Rt o oA B 100 3m

FhEO BBHE RERre S ERRIHsuI AL @ég/eﬁ LEis@h okidy Of otheér lilk¥EHsulator material
a so conprise anSAO layer of a preformed SO substrate

thag is farmes,aay g of bathd theukalers PHOCR besdiag for exanpl e,
S / g? cor-@?e 9&%&%\(}?%81&9@9% &Q{ie& 8V dnlys %cén%lu@tk}xfg%atenal which

characéteri ze sec crystallograp
may beahd @ide@n diffdnent Hrosthai dfftler st sefnicondddier lﬁyer $6. Thus, second

s ATGI DL Ty B, PEoiiristes SHTySIoe S0 G phogseas, InAs,

P B&wal é/sstftﬁér liaar 8PPVa coﬂlﬁblﬁiats%hicgﬁd&iorﬁ NSecofi® &Bﬁconductor layer 12
sem conductor |layer 12 is preferably (100). Al though a

mdyled®)compyist 2 SOIdayes nf apiebnmpd SQF shsiratedr a fiered samipenductor such

as,cfsm G geu%lééj?ﬁ 3%? fﬁ’cé%d %E%ﬁcc} 1?1/% %rq eée:l’:ll%% a%lﬁor ch%ra(cge}lggd as having a

se&fﬁﬂlc@@faﬂugrbﬂﬁc bayitdtich2whil isifftesteiuem te ﬂijst@fystdliegraphlc orientation.
initial starting wafers used to formthe bho

Singgtihag firgt %rqwndq%q layar 119 1s melreblyra (1 Plesuzfacs Hs yetallographic
or %WM@%%?B&& %}ﬂﬁon\%ﬁctﬁﬂgye?rll? E%ﬁgigfs%ﬁﬁl ng)f rfﬁfﬂoﬁgpé:' 100) crystal

m to a rom about

orientatidiois pref@eedntie lsedong semicenducighlayepi2ehay hayd a (EH)WI'@I‘(I 10) crystal
an opt| onal third sem conductor |ayer is present, the

S“Bﬁ’t“l onal third sem conductor |ayer may conprise the

S amghe thicknbdsireny esHdceRbeadicns ﬂ?‘eﬁ 12 fday ﬂ@rﬁrtdapéndﬁfg dolBe initial
a

second seniconductor |ayer 12. e Crys
stagtitigowalens |u§m1 toffonhthe bp@d@ﬁabsﬁpﬁu 10¢ Tymwlisb Rewevesrthe sepand
semlconc‘il}éP l‘ YZ a%uat thﬂ%ﬁsn QM\@ abél.{fl g@qggbc%? 26@@ ﬁ ?qhickness
e Ee e tor a er I oha ir sem

ofhi@)fﬁ[bouﬁﬁ '@aﬂbeﬁtalobm lﬁ&lﬁ}é(mbret}ﬁ‘@ﬂly plefere@cond
sem conductqr | ayer 12. \Wen the 30 opti onal

| ay éﬁlhqngngpgglgllf daSﬁmiqug@}og{r laygr 1S%Fnts@ﬁ gpiaqrggﬂleraéemmonductor

|
la}éég %ag @@1]5 Iggt% (_1):1;19 ay A %ﬁ@(ﬁ&ﬁ%ﬁﬁc T g@%fﬁ%g{agegl?eésnﬁat%? #R"Econd
semidon&tctcmﬂ@dr lih PheGrysea origntetionpefitecptiohaltthiod semiconductor layer is

el T SLE S50 o P onet L oBSE N TS v
semiconductor layer is generally thicker than the second semiconductor layer 12. When the
optional third layer is present, an insulating layer separates the optional third semiconductor
layer from the second semiconductor layer.

The bonded substrate 10 illustrated in FIG. 2A is comprised of two semiconductor
wafers that are bonded together. The two wafers used in fabricating the bonded substrate 10
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WD 2004/ 114400 PCT/ EP2004/ 050946 7 may include two

SO wafers (See, FIG 3A), wherein one of the wafers,
waleaugnaded as 1, includes the first sem condRCT/B8P2004/050946

| ayer 16 and the other wafer, designated as 2 includes

the second sem conductor 12; an SO wafer (designated

as 2) and a bul k sem conductor wafer (designated as

1, see, FIG 3B); two bul k sem conductor wafers

(designated as 1 and 2, 5 respectively; see FIG 30

whi ch both contain an insulating |ayer 14 thereon; or

anSO wafer (designated as 2) and a bul k wafer

ma(yde@u@erfapeS@I avgfery (SepiFIG- B Ak Mbewin ene of e Wafpoirsicnaed anl.

e 25555 T L i e i 3o

se&lﬁ)ﬂ@létﬁ@ox(«ﬁebr H @n SED)waf@QMigngted as 2)cind e\batk d&mldonﬂsdtor wafer
nging the two wafers into intimte_ contact egl@qémdz

(d@tanéted a8 15 SOt TP Bk peprienduptopRRiers pghigh
res%g(,eﬂv%gr? .Lée% %Wﬁéﬁbotﬁ Renthii e i8R ByENS th¥Bon; or alﬂfOI wafer

ont a fers under conditions that are capable
(ddsigmdied gs Z}wdta\hulk/wﬁfelr (@lesignptadres ) whith indheiss an g)nsmiant region 11,

su@%{s e[#ﬁfeniol glon-lsﬁlgcﬂ g%{ft; R e(? gltesgﬁ{ 3 é‘o*%ﬁ?e)g{):te ag ?qast one of the wafers

duBRE bHdRA SkIFRR 3Dyer t arrbl ent at a terrperature of from
about 200 to about 1050C for a tinme period of from |
abo®onding i aghisved OAmCringinghe Bvqiwafers ingp infimate gontact with other;

orSt Al sBBER o fle nhBRF B4Ry S flon RRRARING

cohtactad Wufersaﬁldht(nd)n&tloﬂ'mn ¢ capablo ef boraliry th@tvb‘o wafersstogbthan. The
t he present invent | on to denote_an f}\@; her %HFG The heating

heglnecsieppey beagrerfo eS¢BCq pr aRgenc
stapiig é:@ll ¥ Defcetd in a% REPPAAYISHY at a&rﬂife&fnﬁé Bﬁﬁoﬁ'ﬂ%@tﬂmw to about

use uring the bonding process is N
10606Hde mame pma;i ef fromo almlt 2v@ tkous 2Qhaurs rMD@;m@Iferabbnﬁle bonding is

pe A ()nr?@%ll ga(rﬁﬁc’rg]?)% 139 %8%52?8 % ab 1r1]te408£C %or}% ﬁ?l% pe%ﬁ%f' fom about

uttlrzing

2 t@ﬁb&ﬂ@[) |h6&€| ahe lté?ﬁﬁﬁﬁerﬁaiﬁﬂﬁexﬂ‘s is whiémm@ﬂ)remeimamml to denote an
pol i shi ng(CMP) _or grindi and et chi_ng.

The
atrposphere ity Wiich ﬁ’b ingE s e e, A A Xen e Tixere fierepf is employed.
nt in which one of
A k)%;‘&fedf]‘]ﬁ) er iseﬁ‘f \?]sg?‘&g@gg tgh Blo%(ﬁng% ﬁ‘rg?éa%gisﬁegl on, the ion
i n‘p lathe embgdiorent whers tvao HOI wa@rsrae@mpiomﬂ; same matedallayers of at least

ong o i ST i et B e pfe Honsioe R i Biamat A Brood such e

ch8Mfchl B&chhica 'ib@l&éhng@MPF&agfﬁidﬁ)g anB efchiss. IThe pldfRizafid prodess stops
region is typically conprised of Ilion which are

whemshefaealiel¢ctniclaydid 3 isteashede of the wafer utilizing ion

i npl.apt atih,on c it

ski II embodlin:t,?g{] ‘aﬂrwﬂléi{‘éne xﬂ‘%e ﬁ%@r& %Ilddteg%er & ?}?Bmgﬁn the ion
impRinfegioh Forlf aporsie degion daingibonding elhithd:alﬁeﬂ: pmmon lo&ithe twafer above

30 therein, the surface dielectric |ayer na gg
the iopi@alantgon bR ribleatias ébgn%gi“@ R Stt??%’e gxample, in
FIGUEA. 5ie G ﬂﬁgﬂeﬁgﬁ 1g¥lﬁcggrgr?1¥§ﬂ§f‘lvﬁ%ﬁé wHRRAR! iirdp®hhted into the

pr ocess su as ¢ o
surface of the wafer utilizing ion implantation conditions that are well known to those skilled in

the art.

In the embodiment where the wafers to be bonded do not include a dielectric layer
therein, the surface dielectric layer 18 may be formed atop the bonded wafers by a thermal
process, such as oxidation, or by a conventional deposition process such as chemical vapor
deposition (CVD), plasma-enhanced CVD, atomic layer deposition, chemical solution

deposition as well as other like deposition processes.
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deposition (CVD), plasnma-enhanced CVD, atom c |ayer

deposition, chem cal solution deposition as well as
wo@rienid4dke deposition processes. WO 2004/ 1144BOT/EP2004/050946

PCT/ EP2004/ 050946 8 Mask 20 is then forned on a

predeterm ned portion of the bonded substrate 10 of

FIG 2A so as to protect a portion of the bonded

substrate 10, while | eaving another portion of the

bonded substrate 10 unprotected. The protected portion

of the bonded substrate 10 defines a first device

region 22 of the structure, Whereas the unprotecte

por Magk 26 s theneforpetbede pradatermines poTty of g h?@éedaﬂ@%% 40 of FIG.
dev t
2 % ag % p?ragegfa ego%tloxl tﬁe n&;%ﬂ% ?I%g Vgig?e]ﬁg%gngl da'ilefh‘%f an of the
bohc&)deubsh&tebw umpfotectedg TchB bﬁit@jt@lqjosﬁonmfs]k’e tondedaibetrete l@adeﬁnes a

surface of the bonded substrate 10. ter, a@g&li atd' 8n
firgjdeyipRregin s 0 et Whetres theaprotectphpqrioh B§°ﬂ ed substrate
10'&%’:&&%%3@% de¥iBd &Ba bNCIURE %mtbgﬁm%hte Risie30 ﬁ)f&’ﬁfeﬁ%ﬂ a predetermined

otoresist to a pattern of rad |at|on and
porimn@lfdm sogfadeiielgraric keyer 18thyl applyimg aphoterssisitmakje thegatire surface of

thq-:r &%ﬂé(g Su%' ; cmL(} e% UCt %@b}? (ét dLn ort8§1settrﬁagﬂ§< ktg% gmélg}gis patterned by
littidRsphy avSicH AchuesthO¥Bps df Qkp(%ii@’tﬁépﬁototdglst ol dpatteds. of katliation and

anot her embodi ment nask 20 is a nitride oroxynitride
develomng theaetters utiliringaireistdevplapere The gesuliant pryqige including the mask
lﬁ ! Q rap r r
20 ngg)n% é}%/de?eov Ir g& Syllrtl[gg of él@?)oﬂdetd sh gfer @glﬁ/ (5)]#] 6rﬁﬁt ﬁaﬁfﬁe in
FIGezBNd sem conductor device. 15 Af ter providing the
mask 20 to the_ bonded hstrate 10, truy
subjlatather exb bogRENIRask 2D ds 2 erﬂj"’@i"é‘ﬁg By tfsol%med and
aﬁéﬁl&?@al&c ar%“ll (&?&ﬁ)h? find Bighin e C PRCniBRIY BARHI#Edhask 2)@iaylbe removed

Specli fi he one or nore etching steps used at
aftehdedinjngj the regfontf¢réhfp$®gmh$emlwémtmlﬁﬁvtcénov es the
unpr ecte tions I
B0t ROl bGPl RS 6, Pt BB

ong ﬁffin@flmﬂélﬁﬁgcmeﬂs 8y 8¢ to¥ipos® ﬁduﬁ’a@%f&he(%c@fd shii\ﬁ:onductor layer 12.
insul ating |ayer 14 mhlch separated the fir

Speeifiraltynthe OnoPT ep Sfching sfap HFqdies thisRqipfpt él@rﬁresaﬁfda‘é%ﬂ&fm removes
thd lﬁ%ﬁ)@(?te&gd HihsOF Gl sﬂ&a&éﬁﬂel 1c f& frf 180 5§E‘ﬁelpié UrldéiA8e Bortions of the

hi'ng process or e étching steps nay
ﬁrﬂeemmphdlymi lay®hkp, and & pbntlgn Oﬁéld mﬂatmg kygrolidrwhic sephsated the first

res iinve ude ry etchi r,Qcess
sciBiqoncmtor HHGE 14 o8 Famreutisrmiondudir et if oD s RHARE Ry be
peﬁtﬁﬁéﬂ%tﬁi%ﬁ@'a@ﬁlg@'eté roé‘és@hﬂ Iﬁﬂlhf)lé tingidph indg bele@PRHBd. The
wherein a chemcal etchant is_enployed or any

etqusndm thin pomé@fetbep presemt alvemt@mémyeaclé%e@mfmhtn%owﬁs such as
reac gej—?on e?ﬁmfgé Ie%'ﬂj Igbslggiﬁé %’tﬁhlhé) O 1§§e9 chﬂglécpfl \';et e'tcﬁnn rocess

I'n se |ve protec porti
wlﬁ:felﬁ B ehéitdlackand is%lnqﬂ‘dyred or h@y@ﬁnbh&tloﬁ berdof.r Bia preferred embodiment
sem conductor layer 16 and the .ins Iatln Ia er h
of fheprasspiAPIS eMrEASH R RHC TR ER it %9@5 ety grhoving the

un &%&kéd?&%na%& [)f‘t(ﬁte c@fdie?é'e?lct 18Fer 88 Ctﬂe Rkt %nﬁ@ﬁﬂﬁctﬁ?ﬁKebr 16 and the

een per or ned or exanpl e,
ingukeding fdyer #4 mehmsebmd:aermdmdmmkbmce @bgﬁonr%t Thevésulant structure after

th, § etgllggg pr%%ess ilasebeen per orrslst%r f1sas‘i10wn, f%l: g)?atmrplle in f)ﬂ}e 201 <<=T\Io‘c at the

sidewalls of the protected first device region 22, i.e., the surface dielectric layer 18, the first

semiconductor layer 16, the insulating layer 14 and the second semiconductor layer 12, are
exposed after this etching step. As shown, the exposed sidewalls of layers 18, 16 and 14 are
aligned with an outer most edge of mask 20.

The mask 20 is then removed from the structure shown in FIG. 2C utilizing a
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30 sem conductor |ayer 16, the insulating | ayer 14 and
the second sem conductor |ayer 12, are exposed after
w0 biog/1et4ehi ng step. As shown, the exposed si demel/EB2004/050946
| ayers 18, 16 and 14 are aligned with an outer nost
edge of mask 20. The mask 20 is then renoved fromthe
structure shown in FIG 2C utilizing a WD 2004/ 114400
PCT/ EP2004/ 050946 9 conventional resist stripping
process and then a liner or spacer 25 is forned on the
exposed sidewalls. The liner or spacer 25 is fornmed
by deposition and etching. THe liner or spacer 25 is
convsniporiab regisbfiripping procasasidthemalingriospaserc}d isformed pn the exposed

SABERIE S 0 352 et B TS b5 AR B e 251

co@yded @f as RolathSaikad RathcdsOfor beangtle, bl oxide. accor danc e
with the present invention, sem conductor. nateri al

has Aftet fopming) the ks BRinaces 25 ehieatiponduetpsmpatedal 2 ds ©med a% the
e o SHAT AL LA s 51, B BB o,
seraiconductof arateziebphas a crystalbGapRDoriditatimehat ¢othd sanoas the

cryS BB ST Ro0 O e gecond G lie o fgh G Thegpralant grpctre s
Shoﬁl,lg@&e%mgp;nmm@tgpns t hereof, which is capabl e of
bei'ng forned ut|I|Z|ngaselectlveeltaX|aI growt h

net Fbelsenpigonsiyater m@n@lr%e@ayexmsm i-cogiaifigoieEicanguctor, such as

Si gﬁ%ﬁaﬁ? ﬁeﬁ{%?e S{%h el érscg ?(%is thér ofolvﬁﬁfl JsDJagéb% {)Pt%mng fgrmed

e sem COI’]

utifiring 8 y€lectivegditakial grmttﬁaih(ﬁl dp some preferrd efiibGdinehtspgemiconductor
i nvention, . sem conduct or

mqlgeg{ai{m §|I c%g)fgg% %zeﬁltéﬁ her peederfed eggaog]néegq semiconductor material is
stréiﬁé'ﬁ':ﬁqQﬂe‘xI P is 108 Rk a3 rel]aﬁed\‘?l{(}%e allbyRay&t T e Prlestiation,

2D 1's subjected to a planarizationprocess such
seramond;iummma&dnah%mawb@mlfemdlw ahamgodnRpmisongyicios giateyial.

mat E{E#; ﬂ;tefé-la %ﬁllﬁg?ﬁfo%}bi%g%i tQMS }n)‘lqa%?rhzaﬁgx%%oce ss such as

ch&ﬂfcélaﬁ&h@ﬁwélI@@llmﬁ@mﬁ&ggrﬁmguﬁ&muhaﬂ By @ped Surfablo bEthe
t hat previ ouslé? rotecte ortiqn of surface

sergicendusiar intatqrwi/ Is sebsyastie brgjor veithythegpnensugtace of the first
sergu @@‘?{f{ ?é" F &@ Tt gl%%f)ﬁ1§ Efot&rté?i\ﬁ gl{ld?)%f%ﬁ?ace djelectric layer 18 is

anar ace an 1'sol ati on region 27,
reraoned daﬂngthmﬂaiahmmhpmnesh i solation region, is

DGR e BT eE B EPLE S et 77, oh o

sha%lﬁm e QRH &Jsfbla%n ANdeC B 6 Fortded sBRE td KOk thefirst RBTi@Aductor
is formed utilizing processing steps that are well

deWn@wglomomﬂm éle§k¢dnd eejm:c@nduhf@r devicd fegion dft e isedption region 27 is

trenc h d | on hin I
TR S b EP e Pt 4 et M FA T bl Rl 688 lphnctocing, o
exdrhpl theghch H@ﬁﬁlﬁ@ﬂﬁiﬁ eWhirJg GptiohgiMEhinifly eleehel with o diffisiondarrier; and

oxide. After the trench fill, the structure

fillrethe ranqh et aienchdiedsstriconeh asraside. Affsr Siefreoek ch i, e ggpoture
mdyhé p%@ﬁfé'dfaﬁé I SotfoRa MR EatbiBrocdss SR thal b€ b&%srel to densify the

trench dielectric.

The resultant substantially planar structure containing isolation region 27 is show, for
example, in FIG. 2E. As shown, the structure of FIG. 2E includes an exposed first
semiconductor layer 16 of a first crystal orientation and an unexposedregrown semiconductor
material 26 that has the same crystal orientation as that of the second semiconductor layer 12.
FIG. 2F shows the integrated structure that is formed after a first semiconductor device 30 is

formed on a portion of the first semiconductor layer 16 and a second semiconductor device 32
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The resultant substantially planar structure
containing isolation region 27 is show, for exanple,

WO 00 Q40RE. As shown, the structure of FI G 2BCT/EP2004/050946
i ncl udes an exposed first 30 sem conductor |ayer 16 of
a first crystal orientation and an unexposedr egr own
sem conductor material 26 that has the sanme crystal
orientation as that of the second sem conductor |ayer
12. FIG 2F shows the integrated structure that is
formed after a first sem conductor device 30 is

_fornmed on a portion of the f 9 st semiconductor |ayer

is oemedhon the sesselsaripondueigipeiorial g6y Despiphowing derpresenororf only
PCT/ .EP2 4 04 1 .

ong SAERTAELE AR epihle B U o Bl Tl R Whromplats foming o

plialey ef ehaypeasTidgvicoimahsgrtifio devicd egiot e ¥ axeoidanceaxith the present

. device region, the present invention cqontenp| ates
inyegon. tp st sspifoRAgier dsvicemen be %@ﬁ?f %@EE&WM@%SN@ second

se Refddctd: dg\%%f%]iéﬁ}r bEINPET of PFEE GRHEABR BfoviNo ikt ¥HRSHHY, s%%g%%l_ductor

nventi on, Irst sem conductor device nmay be a
device & ATt fidmethe asconfl sersiearaindiobdesiosi and ikt Btespeaié/ dayece is
may . .be aNFET or. PFET fth the proviso that.the fi
R EYOF B Eb ALY ER PR AED Rl o P ETs and
NISEIY £ORHED HHiliARHERaRATOY BloctdIRe SREE that £re dRUkESWA B those
fabricati n% on a 'Crgngt al orientation that provides a
skifled in fhe pfto Each Tt inefiiese satpripdemtore aggate coppyctey, 2fy ptional hard mask

T 0 LI OSSP R s i
and B@hb&)‘@ﬁm&hﬁﬁlﬁl @piehe CThel diffustorgagiencara tibeledas 34in FIG. 2F. Note
¢ o o S0P B B R i,
Wi HeMFET isFiThed QB detHi@nBudd shHBdeOvl; %E(@g(%; or M{ﬂg orientation.

diffusion regions are labeled as 34 in F
that the PFET is fornmed over the sem conduct or

whendaeopfaergeeion B it 2B b R RhgeBor o presen

invefib@&Bich adhids Br a bodded dubdtyat©havany o differedtrryshtlographic
above description and FIGS. 2A-2F illustrate the _basic |,
origaitiens; masking: stcpingdesiow s Rpesrizetion apdidevics Femaiens The following
a [ o . hl h
e e A Bl Rl A ] orming a g
performamet semipdrainetor devidecontainthgdwoNEETE formed oo a.(100) erystallographic

foll ow i.pti th f t o FI 4A- 4 .
Bl G SR R B o LRSS T oo
suigdef Or mance semni conductor devi ce contai ni ng t wNFETs

formed on a (100) crystallographic 20 surface, and a

PFEFIGui dhistrated abendedisubsttate & thehmaniersed in Biisaoebadiment of the

110 ystal | | AN J |l
oA ST 0088 Ay e Ll B bt

semivdndice® Mdyep 1 6,tah ensukifg Rigér I4wdatsecwnd sdihizohduethe dhyer 12. A third
substrate 10 includes, a surface dielectric laz%a}%ﬁrau In

optipnad gemigendueton e 187y hedpeatedigneath theseennd s
sudgh é}nlﬁﬁﬁ%}ﬂ a?ﬁﬁéaﬁ:&ﬁg L lPlephidi8 the kécond sbiBichAaRor layer from the
Al Sem conduct Br I ay b b

option yer may be | ocated beneath
optituen] exicethicwadiadariaect or | ayer 12. In such an

ggb : g&&:@]ﬁ%&% I %F | at};%ggﬁmlﬁ Zx}ltggle RSk ta% eénh drmed on the surface
dielectric layer 18. The nitride mask 20 is formed utilizing a conventional deposition process
such as CVD.

After formation of nitride mask 20, the mask is patterned utilizing a patterned

photoresist mask and etching, and then the pattern is transferred via another etching process

from nitride mask 20 into the structure stopping atop an upper surface layer of the second
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optional third sem conductor layer. FIG 4B

illustrates the structure after nitride mask 20 has
whe@a/1igoored on the surface dielectric | ayer BRGI/END64/050946

nitride mask 20 is forned utilizing a conventional

deposition process 30 such as CVD. After formation of

nitride mask 20, the nmask is patterned utilizing a

patterned photoresist mask and etching, and then the

pattern is transferred via another etching process

fromnitride mask 20 into the structure stopping atop

an upper surface layer of thé&l second WD 2004/ 114400
SePICY basoBo Jibs etchinggised indhrisssomst etehigastempyes pasions of the

i [ L-EITVES : 3

sl U 8fr 8. b8 Bt FERPSELNIHH, IeCHRRE iRl Hi5er . A
singRor enilithle étohing pyoeess 1Sperfonded maransfstringtthenptiemyiato thetbontled

single or nultiple etching process is performed in
sulpiTaftd e FIG 5 10B S TeRHAn i P E U S E RS 3B  r at o

10. NekGmdHs shbH% £16E 4DE b8 04 aétféﬂrﬁéﬁ%%@é)%%ed sidewalls. The

pattern transfer. 5 Next, and as shown in Fl 4D,
spapasns @imsal dfenieulating tateriekipduding sforiewaiple an Pxide. The

spacers.25 are ¢ sed. of ~an.j nsul ati t.eri al
SPRRB AT 7 PG AR artes q1 gt heeproeiet B BB freBign are formed by
dedd¥itioR aad Bichgat ed on the sidewal I's of the protected

irst device region are forned by deposition and
et c Kifisyformpticny offthg spasarsH 2, semicprdusips sufesiab2p is formed on the exposed
I [ S ;

T AU e MBORAL R 160 L5y QR PR R e e,
FIGH4E. sThelstructuee ilhavared if BTG .atfaisfien planarizeB kdrodide thbtsebstantially

K T T iy
20 %h@the%ﬁrfad%ﬁeéﬁﬁ@fayéﬂ% 1Rt B At PhdvRIIsHleBihed SARMS prdvitk a

nitride mas 0 ahd the surface dielectric |ayer 18

strudtae imehish fisst spmisondigtir Jayer this @xpasedandregrowe sangjeongluctor material
struct ure,in whi irs ' n t. . 1S

2635 8% T Proiibed el idrborEAbERDT UEOhe kX Lin bl first

se@icBAGRbr ddVice &xpasaNFET il beforaed) iheteas the@ypused Surfase of
the region in which a first_ . sem conductor_ device suc

sergicopguqfor magrial 2¢)is theyiegion in Whish @ secopd serpiepRalueler deiyigegyeh as a

pp%fr Wﬁﬁ;@'ﬁg gdgctor rmterifal 26 is the region in y\,hi ch a
seéond se%ﬁconductor devi ce, such as a PFET, will be

f or iesit, afdbast shown dh BKG. dGpamateniaFit@k S0Gomprising e phdipxide 51 and a

tac 0. ¢o I Si,n ad oxi. 1 and 2 ad
paf i I Ben v R s R e iR o FIG: 4F. The pad
oxRle 3N F thdtnhdterdidl 6@cls 5P Tornied by Githd . tharbl PadhtiodprstRssot by
of the material stack 50 is fornmed by either a thernal

depositipat While the pedsisrider520y formed by p thegnaiidation preees gedeposition.

nitei is § | Frldaki afjpr ocess or
T pad biess i Dple BT i WO R BRI DORS;
t harmht hteriabeadkyS0rigugeddn definiiey thd trendhepemihgy foalsoltiackegions 27.

50 i d in defini th h [ f .
FIGS@II i}ql;'é%esr ‘rlgg is@::)gtlng I-p]gna is for?netdra%gxg ﬁen% %Blenqggs 29q1rave been formed into

the structure shown in FIG. 4G. The trench openings 29 are formed by lithography and

etching.

After defining the trench openings 29, the trench openings 29 are filled with a trench
dielectric such as an oxide andplanarized to the first semiconductor layer 16 and the regrown
semiconductor material 26. FIG. 41 shows the structure that is formed after trench filling and
planarization. The structure shown in FIG. 41 includes three device regions; two of which are
referred to as first device regions 22 in which a first semiconductor device 30 will be formed

and the third is a second device region 24 in which a second semiconductor device 32 will be
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25 FIG 4H illustrates the structure that is forned
after trench openings 29 have been forned into the
wareatape shown in FIG 4G The trench openi nBGI/EP20a4/€50946
formed by |ithography and etching. After defining the
trench openings 29, the trench openings 29 are filled
with a trench dielectric such as an oxide
andpl anari zedto the first sem conductor |ayer 16 and
the regrown 30 sem conductor nmaterial 26. FIG 41
shows the structure that is fornmed after trench
filling and planari zati on. The structure shown in FIG
foupedi ncl udes t hree device regi ons; two of which are

G B R AP0 1 St i

30tidforded an ApEtaooitthel st senic@giuctor Byeri 16 andh b séroad sevioomiuctor

o) £ 300 98 SUTBEYD ST EPHBGIoT PASHaLA JHSHLS Tging thepresenco

of b e8¢ dnfichrabEbCdaHcs ih Bth d'e§1cé fé@i&dth@“;ﬁe@ént fnvieh i contemplates
conductor device 30 is fornmed on a portion of the

forﬁmnga p]gm]nt}cqﬁedcchpq: of doyiee in hespetific devivs nglon In accordance with the
con device 32 is forne

preéglml%vgﬂ % mmoogﬁluc deﬁggl& ¥§ %[ﬂ’ Whereas the

seddné §ﬁﬁﬁ@@mﬁpt@f dévide)mBy iR HNITETCQRBUETRI Tlebelwme alnd m:mb are formed
devi ce region, the present inventjon contenpl ate

utifigipgf BVISarocessing stenschat exeyeelbpooganp &os ﬂﬂ}ck?@em the art. Each

FERGGhdds 91 E&le%igcﬁﬁce g lg%f% cPth?o(f G fRBRA thtxﬂasg HStated ato a‘hg the gate
present rst ‘sentconductor device

co@c&?%ﬁﬂ'ce(sdoca’tﬁt‘o’ﬁ) sideniradls efes 1daktehe gaie oondustemsmumz{dmmffusmn

i te T BT PR ATARETST Seaeet (OLp L nigflton

wh’éfe%s WRINFE{O Yide@ oV d1QS@rfade ﬂalvﬁlg al ('DOG)'@)Q (1Y erideAsifonl @n the

I ncludes a gate dielectric, gat e conductor,

Strugctune@h@wn Indileh. Madie Nla%%staé@ Sel-tke «ﬂqve:eg,aﬂ@reaé m&E&Tdai a bulk-like
t
BB 858 5 PRy Bk Ry b Spone

sefnft@ndifctorf ldyer 1) aﬂﬂde@d@iceﬁwﬁul‘dfbasel-ﬁhell ng a (110) or
(111) orientation, whereas the NFET is formed over

sur FIGE Had® Alpsirates efisoagie propasring sieBRTSeein fpropg 4 Hgh Performance
sericol@lctdr Be Vﬁé@é’éﬁtaﬁﬂg{ﬁ@N’lﬁE}Ts ﬁ)ﬁﬁedMﬁF-aT(lsl O@)r &ys%ﬁ]o‘g{'a!pﬁi% surface, and a
evi ces, ereas t PFET 1s a bulk
PEESYvbivhdtiotated beweenghe NFEEs, firined o8 a1l 1&) nurataﬂ@graplag/ gyrface. The

o R BRSO A ST ARG I e bonce

subdtﬂatéshrlﬂa@c&s a{ Te&dt Bahitae dRIRERSE)RJ8Sd BRfseut@Mdidtor layer 16, an
formng a |a per f or mance seni conduct or devi ce

insgipting layem FEond semmicrdicis laaze( 15H0o) ﬂm@%ﬂamlé@m&smh@tor layer
gated bet th
m%i%‘ﬂ‘&%%dc?r%ﬁe &%i[(.iﬁ%?c%hyst aa?ogrgphi g :ﬁfpace? The

20 ek hitfdd m&krmtlhﬂﬁmbdagm the bohddd stibstraientd tb Ipmvlildﬂ’ﬂie shructure

..substrate sho in FILG _5A The ded Su te 10 _ . .
SFeled oD Ca By it Fosmin ha plridh b D oy p quiiage 10, isolaion

re%bx? &@ﬁhﬁ@@ﬁ’tﬂfzﬁg thé ANE&de rﬁ@s’k 28nd blﬂ%iélﬁﬁélb&ﬁcl 8 %rcoéﬂmed etch
a second sem

onductor layer 12. Athird ti onal
masknisoltiduwgmns PAywerformed by applying aphotoresist to the surface of the nitride

mask 20, patterning the photoresist and transferring the pattern from the photoresist into the
nitride mask 20 and then into the surface dielectric layer 18 to expose the first semiconductor
layer 16. The exposed first semiconductor layer 16 is then etched stopping on an upper surface
of the insulating layer 14. The trenches formed by the etching step are then filled with a trench
dielectric and planarized to an upper surface of the nitride mask 20. FIG. 5C shows the
structure after trench fill and planarization. In particular, isolation regions 27 are shown in FIG.



10

15

20

25

may be | ocated beneath the second sem conductor |ayer.
Next, nitride mask 20 is forned on the bonded
wgainsiitade 10 to provide the structure 25 il | uBCT/BPIA4/050946
in FIG 5B. After forming the nitride mask 20 on the
bonded substrate 10, isolation regions 27 are forned
utilizing the nitride mask 20 and surfacedielectricl8
as a conbined etch nask. Isolation regions 27 are
formed by applying aphotoresist to the surface of the
nitride mask 20, patterning the photoresist and
transferring the pattern froMthe photoresist into the
5Cnitride mask 20 and then into the surface dielectric

| ay 18, t.0.€XPQ t.he first. sem.c I . r

16, The el BRSBTS prod it Y smoture
sh&VERFIGS SO Bhdtifically, ke mpReisl etiwdea dies isclftidnregibmsis kandved by

| ayer 14. The trenches formed by the etching step. ar
formpiaga blork waskip Protect peidiasof the grisiure incwhishyihe %ﬁ%ﬁ?@@&%@ctw
o PR IRHie 36T ol g M Gpfifio TR oF HPnitls A0S0, he
sunfave tdietedtdr laydr 48 had the firstagmiznsdueor dayer hsoppingoRthGinsulating layer

2004/ 114400 PCT/ EP2004/ 050946 13 5C. The materi al
“pet ween the isolation regions is then renoved

proyhgd Eﬁ%sédﬁrﬁﬂﬂ ofhdinSula Wer 118 isthéa remldved utilizing an etching

Specifically, the material between the isolation

processi thatseledivelyremevesiap instibstorimpderial.sneras anwgide: propidingdhq structure

ortJdons of t S £, j . il . . .
b Ly 1 UL DRl i g i of ot
reg1G D70 I bishefchitpitapt seapks @tbparipparsarfade dffte sstdndiseimicondictor layer

20, the_ surface dielectric |ayer 1%}?61”0' the first .
125 dhe eespitiving Biirideayask 20 ds WempPRRg i figsiTpofitg agtl g semiconductor
ma{iéj]rYa? 56 tis%e oW 6n ﬁfé%ﬁ%t%?? PRk 8PhRsedoR sdrisl dabioP thateBHET2

€n renove Izing an etching process that
provédieg thewstrligture shawig SoraaxainpkeyindilGr SFralndhis phrticelat¢mbodiment, the

oxi de rovi di ng, t. tructure 10 sh . f oK. gxanpl e,
TegTRAWR oD c%’fg“cﬁ%{ngtefl%;é?ﬂfl esé"fl&]ﬁp?{gayse gpStfaa}nseg ‘S% gic(iuces
t he Jx§dedbtheR ktribpéd Bérh @i @B ¥hoR A in TG, SFahE biraigedsSisp is formed
stops atop an ugtger surface of the second
§p

ondemexpesrdmertions peie first somicanuciop agpion M ligr forring the skaipet S1
o A PO S5 O Sy 160 o
prédddsadegtoferfohrarse devick. SErireamitanictrocturegtpatainilgNEFETs and PFET's

rovi di ng, the structure shown, for le, in FIG
fo‘g‘?d.afcﬁ’ $‘I%r}n§d S%Y?YEG!SEPW% B%T?Wﬁﬁ’ }n]fe[ﬁ’gg@5 regr own
S eMyeIRAHE brkent Bl Bition had BednPattitdR Sy SRowPRRNdeldibed with respect to
strained SI 31. Oxide is thén stri p&ed fromthe
Yol

prefetredenghadiéntythetent, £vall bs pndmgtoed bysthatedkitied 21 the grt that the

forned .on the exposed ri of_t Js . o
ol B B D B85 DL e e bl s o o
andl 80 of thekerd einieaticn. JVisandeRBz: iate@dddoharakl gruent inkention not be
_respective crystal orientation that prgvi des t% hj gh
lipjtedte theeriect formy pad detaifdes@ibgr eadillustrateds pyffall within the scope of the
aﬁ&%@h%&gNFETs and PFETs 20 forned atop strained Si
P ayers 1s shown, for exanple, in FIG 5G
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Wil e the present invention has been particularly
shown and described with respect to preferred
weredpadiqaant s thereof, it will be understood byPCTTEB®04/050946
skilled in the art that the foregoing and ot her
changes in fornms and details may be nmade wi t hout
departing fromthe spirit and scope of the present
invention. It is therefore intended that the present
invention not be 25 limted to the exact forns and
details described and illustrated, but fall within the
scope of the appended clainms. WO 2004/ 114400
PCT/ EP2004/ 050946 14 CLAIMS What is clained is: 1. A
met hod of forming CMOS devicés on a hybrid crystal
CIokIMSit ed substrate conprising: 5 providing a bonded
Vv@gbg%natg.gonprising at least a first sem conductor
ﬁ% PR 1 r st crystal |l ographic orientation and a
second sem conductor |ayer of a second
crystall ographic orientation separated, by

an .
1. i nsu methed of fapming QAP devieeston Bydridicrysish aieied substrate comprising:
ori 8 ' ' 1 i
o AP Al AN RUE, S5 nctr et
cnsailibgaplic otiatationyeed a kécead sdmivendsaiodlaysmxfarsecond crystallographic

sem conductqr |ayer; .10 protecting a portion of the, ..
origRAGRLSEB St P B Al ok seid sty beaah s ntalpl s gifforen
fronf&Yd §onPAPIA RigrpRiciorieftatdén ddusafaansie8midehdicidt gy er lies above said

unprotected; said unprotected portion of the bonded
secomd s¢emigpedugtor layemg a second device area; etching said

t ed i f . .
"0 BRGTES pbitich of e BindrASuRAARTH (BHRS B vl pEEAPRAfe teaving
anbtB e pRMfidiCofahSuRdeDaBstedtOinpateeted, 3hid anfpdaictd grnioa@d the bonded

surface of the secaond semnmi conductor |ayer, said
substipteclsfiaing e apooRd JeYiFLA™Havi ng a crystal | ogr aphi ¢

or i eRhk!s2l uﬁ-%ﬁ‘ec{eﬁpoﬁf&ﬁ of M oRded HABstRRCBRpose a surface of the

crystal Fographi c orientation; planarizing the bonded
seaniistmibeduconiageni ng the sem conductor material so

t hat ) . f f.the fjrst t
|y et einE et rafriat ciroaid st STSFEIT L Phond o
sefnlt@ndiiict 84Yet QM Y6thiebndieio® flafdrial ¥ehel i {RtdlbgRIphic@@Rhtation that is

one first 'sem conductor device in said first device
the sagiecn thaerend crysialipgrgphia Oriemafan; one second _ _

sem con :

B
surflierofitie sl @mivondetbrdaiies isrsabstarftially hianarow thoemi wpipergsueface of the

surface 25 di_el ctric layer |located on said first
segicapdusiyatgicb®Bteri al . 3. The nethod of Claim1

Whe giing 2 16hsPARARE semRShdRtd? devicd R SRGirk Rk Y&ion, while forming

at least one second semiconductor device on said semiconductor material in said second device

¢}

area.

2. The method of Claim 1 wherein said bonded substrate further comprising a surface
dielectric layer located on said first semiconductor material.

3. The method of Claim 1 wherein said bonded substrate is formed from two
silicon-on-insulator (SOI) wafers, a SOI wafer and a bulk semiconductor wafer, two bulk
semiconductor wafers, or a SOI wafer and a bulk semiconductor wafer which contains an ion
implant region which forms voids after heating.

4. The method of Claim 1 wherein said bonded substrate is formed by bringing two

wafers into intimate contact with each other and heating the contacted wafers in an inert
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silicon-on-insulator(SO) wafers, a SO wafer and a
bul k sem conductor wafer, two bul k sem conductor
wordensi4oor a SO wafer and a bul k sem conduct PCT/RRI064/050946
whi ch contains an ion inplant region which forns
voi ds after heating. 30 4. The nethod of Cdaim1l
wherein said bonded substrate is fornmed by bringing
two wafers into intimte contact with each other and
heating the contacted wafers in an inert WO
2004/ 114400 PCT/ EP2004/ 050946 15 anbient. 5. The
nmet hod of Caim4 wherein said heating is perforned at
a tenperature of from about 200C to about 1050C for a
time period of fromabout 2 1d about 20 hours. 6. The
ambienhiod of Claim 1 wherein said protecting conprises

t he te d 1as. T 0
5 6 vw;lgﬂﬁ & g{mscg(?fgﬁ { Brne ﬁgshﬁam§ 1 prg(}%{ngg %@dtgmg&a&é%mom
abGNQOEIEBi abbut msocmm)t srlﬁe@eMd ofi feten aoud 2 pastioat PEhburs.

oxynltrl de. 8., The nethod of Caijm1 wherein said
- semi hsmertbadnt Gleimel Whgrein Said rofpeiingcppyses gheuse of a patterned mask.
seI
7.5 SRRSO i TO S i, o
paﬁmmﬁtrﬂbmagaﬁ@nalmnymmdéuct or selected fromthe group

conS|st|n of Si ai hed. Si , SiC SiGC and .. .
conthR LR AO aimsb £efi1@ Sa@ﬁ@nwet%&&r&?at@%%@eﬁ utilizing a
i ngconpri ses cheni cal mechani cal
sel\@ﬁ‘f%@%l 2 glq)’%}t@ﬂ@fhb& gconp

r grinding. 11. The nmethod of daim1l
9. \/\herﬁlennéjmm!ﬁ‘@iaml whetiolshidgemivdndugtawateyiab iseyfy-cantaining

line r .1 ac is forned xposed.s
serpigOap i selp et EoR e drb Pofima L SBRRRe SPHR/ S, SigeC ana
combRbdds@herbsfgi ons after etching, but prior to formng
the at | east one sem conductor devices. 13. The net hod

100f dlmmefthodmf&fl@linhl WhetEingaidp B iRRECOMPHassichegical raeghpmyigal
o4 The nethod of Glaim1l wherein said
poﬁghng:(ﬁ m cGnduct or | ayer has a (110) crystal 20
110r | @hé¢ adethod of Qthimdi whesdin betd eaessiC elcldng dmiregrayiag stapah liner or
t he sem conductor Eafﬁ]rél al both have a (100) crystal
spagey 8 eed on expesed ifeWailst hod of O ai m 14 wherein first

128 eMBRNFUKIPEF A8 £ Rirfnsr QB ﬁﬁlmg Bknti 1s§f§ﬁ&ﬂféglons ?fter etching, but

sem conductor device IS an he net hod
pnﬁimfmtmng\ﬁﬂm'aélaastsmmerme@ndudnddmm deV| ces are forned

13 o e il it iR hotiseadioi B re o B o BEET

142 SUTHRIA&Rodf Claim 1 wherein said first semiconductor layer has a (110) crystal

orientation and said second semiconductor layer and the semiconductor material both have a
(100) crystal orientation.
15. The method of Claim 14 wherein first semiconductor device is aPFET and the second

semiconductor device is anNFET.

16. The method of Claim 1 wherein said semiconductor devices are formed upon a layer of
strained Si.
17. The method of Claim 1 wherein said semiconductor material comprises a strained Si

layer located atop a relaxed SiGe alloy layer.
18. An integrated semiconductor structure comprising:

a bonded substrate comprising a first device region having a first crystallographic
orientation and a second device region having a second crystallographic orientation, said first

crystallographic orientation is different from said second crystallographic orientation;
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| ayer located atop a relaxed SiGe alloy layer. 18. An

i ntegrated sem conductor structure conprising: a
whomdadisubstrat e conprising a first device r ePCDREP2004/050946

having a first crystallographic 30 orientation and a

second devi ce region having a second crystall ographic

orientation, said first «crystallographic orientation

is different fromsaid second crystall ographic

orientation; W 2004/ 114400 PCT/ EP2004/ 050946 16 an

i sol ation region separating said first device region

fromsaid second device region; and at |east one

first sem conductor device located in said first

device region and at |east ohe second seniconduct or .

dev ax ssolabemtegipn; saparating seiddostdlevies regwnfeam smd swonddeviggaegion;

%nt egrat ed sem conductor structure of Caim 18 wherein
Mhe first crystal orientation is (110) and the second

Cr y&f [@hst 6id £kt Riiichdbcol dePRY locaRd inTdaid fifdt dgiiceireglon and at least one

sem conductor structure of Claim 19 wherein said at
seqoad semigprdurior deviceslapatedindrid Serondl dNIESTeB9NaPFET and t he

at | ' . ' i . .
193 ARShioRRR4SERMRA AT ARARY Bt ! X whErol PP i lotol gcntaton
is (1hey sidnhd deeorsbapstal odiewtatien is €IORN 10 i ncl udes are

grown sem conductor material . .The integrate
2050 m Theiniggl sglp].c%@(ﬁ(g sgyctysp 3% ﬁ{ag& lgﬁv@p@pﬁsm atqea.st 9ne first
se bR QWRce R APFEPAH Bl 16ARBE skbnd &nﬁcorﬂ_du&_ﬁf‘&e@’i% HONFET.

sem conductor selected fromthe group consisting of ]
21Si , Bterinfegratbd SemicBhdBstor SinEurgofEBin A whersin thase¢aond device region

. thereof. 23. The .integrated sem conductor structure of

ines s it asdb R RHEL 2nd second 1

225 €M ARNAHEELRE seifitofiductd Firetse BOCTHIH N¢ MildRiBiddtNown S .
24. The integrated sem conductor structure of Claim 22,

semisendictor szatetiabigraciirsontginingsemineadusior seleeied Hpmdbegyonn eapsisting of
. ral Sk | axedSi Ge al | oy
Sl%}l% @F%Sﬂ gﬁ'ﬁé)s ?d’ %éé%ﬁ?@%@glg faé%g]&&géet?n conduct or
23st r uteuhegafed SedicondiRtosketichirn of laiin i1 8 shetedinsnid Syt ad sesond
20 | ocat ed above a_sidewall spacer. 26. An integrated
Se@@ﬁ?%fﬂi@@Y‘G‘?reg’tqnﬁlb?fhr“é’h%f{?r?ﬁ?‘g%‘fﬁg at |east two types
2407 O iﬁ@%mtemglhﬁﬂoﬁd&?orlsﬁ@&ﬁre OPElafth 25 Moty shB8arofn
[ocated uPon a first crystallographic surface t at is )
semfebhdmtor niaterial berprikey 2 steginediHi layet located #top a ddaredBiGeglloy or SiC
| ocat ed upon a second crystallographic surface, which

allpY. i fferent fromthe first crystallographic surface,

25t hat THeSnRplate@Bbmicohdifir @@ bf dRith 48 wherein said isolation region is

located above a sidewall spacer.

26. An integrated semiconductor structure comprising at least two types of devices,
wherein at least one of the devices is located upon a first crystallographic surface that is optimal
for that device, while the other device is located upon a second crystallographic surface, which

is different from the first crystallographic surface, that is optimal for said other device.



