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[ 0001] The present invention relates generally to integrated circuits, and.
nore particularly to hybrid orientation substrates for conplenentary netal
oxi de sem conduct or (CMOS) applications, BACKGROUND OF THE | NVENTI ON

[ 0002] Conpl emeny&BRIMEOR 1 EOXIT ATRIGE SUBSTHRA TS WICMOS) RESSAUA YERCONpr i se bot h
n-type and p-type transistors, for exanple, n-type field effect transistors

(UFETs) and p-type field eff?@ELER%@?T@@@$@E&?R§IS)- NFETs utilize electron
carders and pFETs utilize hole carders. He carrier nobility is desired to

provid nsi-stors wih, for ampl e, . fast, swtching speed. Typical
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orientation. Carrier nobiljty, however, is affected by the surface

or i ent AYGrBHPTENIARE sgbﬁgaﬁqsaf%qonng?m@%aﬁm@?l etiee t5RdERE (BMG)mobi 1ity in
substrates with (100) surface orientation and hol es have high nmobility in
subst r spdisatimsh (11 0) surface orientation. This undesirably results in the
per formance of pFETs being negatively inpacted. [0003] Fromthe foregoing

di scussi on, desirabl e to pRACKIEROUDEY O&tESE WRVENTIONI dc hi gh carrier
mobility for different types of carriers, such as electrons and hol es.
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orientation substrates for CMOS applications. in one aspect of the
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orientation. The second surface | ayer conprises an upper sub-layer having a
secondcatipienebiino degiredl ta Droviee transiiiorayath, futopeanle; et patding ipsed-at e and
t he upper sub-layer. The | ower sub-layer having a first stress induces a
secondTgpicals CMOS hercuipare femied| aysdicon substrates having a (100) surface orientation.

Carrier mobility, however, is affected by the surface orientation of the substrate. For example,

electrons have high mobility in substrates with (100) surface orientation and holes have high

mobility in substrates with (110) surface orientation. This undesirably results in the performance

of pFETs being negatively impacted.

[0003] From the foregoing discussion, it is desirable to provide substrates which provide

high carrier mobility for different types of carriers, such as electrons and holes.

SUMMARY OF THE INVENTION

[0004] The present invention relates to hybrid orientation substrates for CMOS applications.

In one aspect of the invention, a hybrid orientation substrate comprises a base substrate having a

first orientation, a first surface layer disposed on the base substrate in a first region, and a second

surface layer disposed on the base substrate in a second region. The first surface layer has the

first orientation. The second surface layer comprises an upper sub-layer having a second

orientation, and a lower sub-layer between the base substrate and the upper sub-layer. The lower

sub-layer having a first stress induces a second stress on the upper sub-layer.



[WANin anot her aspect of the invention, an I C conprises a hybrid
orientation substrate is provided. The hybrid orientation substrate
conprises' region of the substrate having a first substrate orientation,
and second region of the substrate |laying a second substrate orientation.

The fi[@ospnd [saaemer 4padt@fsheaaneerlo@Cin ICCadrhprides 0lhgbed obyntakon sibktadte BN
region. The hybrid o entation substrate further conprises a stress |ayerto

the segondicheqhe ﬂybr?c[‘ Grignthi &l sqlbaiatt@s%m%ﬁ&e 3itbQbgibRE el sabimed hhidhensecond

region. The stresS layer having a first stress induces a second stress in

the Seol SHbih ohiSEARE EAL B e £ 0o RETunc 9081 Rk

anot her aspe e rnventron; a h 0 cating a

rientatjon substrate conprises prqviding substrate. The suybstrate conprises
2 firsthe ﬁgﬁt B HA0T Ef’géf’nlsiaf%?eie%tﬂﬁé{yrlé?léteéi’b’é‘ﬁt‘%&??tb)ﬁl, rOZRE: ZLBE b ¢ egi on
having a second substrate orieaation. The first and second regions are

el ect r peitation sibtaate Sirther eempEssh atsires lpxggiadiacert e thepbeandaegonandidreld
conprises a stress |ayer adjacent to the second region having a neutral or
noder atfed enssister RETYIsrmiduiannied deodnd tegidne IThecmpss 1sgs hauinpedirstrayresshiaduces
substrate to ultra- elet (UV) treatnent to convert the stress layer to a

hi gh t 8&bh& s8&ds &8s fhel RY&Id reidn aNirRtdag Batibv@osimBosk ertT. t he net hod
i ncl udes subjecting the substrate to high tenperature annealing (HTA) to

conver Eo&bgﬁt ::[Iﬁ g?tg%rlé)We?{a#e%t & tme %&h?&? iaI rfetBdd ?ﬂt%#é@%frar ;saehr]?}tagg %M:—Ht%ﬁ@n and

ot her w thar ges an edtures o I nventl on
herein disclosed,. will hecone arent through reference to the. follow ng
Goscr | P BRCaRRPAS BRCOBR PG ar GUF FOSE S P ERE St ot reRn g egeirs
understood that the features ofarious enbodi ments descri bed herein are not
nut ual PYpsERigloenpEoRHad BRCEdirsgion HaVing BEaONESHBIHAR Pomsationd Tedweitati ons.

BRI EF DESCRI PTI ON OF THE DRAW NGS
second regions are electrically isolated by an isolation region. The substrate further comprises a

stress layer adjacent to the second region having a neutral or moderate tensile stress. The
method further comprises subjecting the substrate to ultra-violet (UV) treatment to convert the
stress layer to a high tensile stress layer. In an alternative embodiment, the method includes
subjecting the substrate to high temperature annealing (HTA) to convert the stress layer to a high
tensile stress layer.
[0007] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts throughout

the different views. Also, the drawings are not necessarily to scale, emphasis instead generally

b



1000811 n the drawi ngs, like reference characters generally refer to the
sane parts throughout the different views. Al so the drawi ngs are not
necessarily to scale, enphasis instead generally being placed upon
illustrating the principles of the invention. Various enbodi nents of the
pr esenbeingykntd groraitlestdamgrthdguhawlehol tbe enengen.t Batidis efblodomémgoitthawi ngs,
in which: [0009]Fig. 1 shows a cross-section of portion of a hybrid

or i ent pick@n RGN aletickdtitraGandaneenceitd thedbRowmpediwigps, i@fvhidhe | nvention;
[0010] Figs. 2a-g illustrate a process flow for formng a hybrid orientation

Subst rgloBo] N GSEOF SRAE UbIORERAMTRM0PLF 4 Afbrd ViRALOR sulidid AL e 3

shows dress characteristics of an enbedded stress |ayer followng W
treatneﬂhanETﬁl&E%nPEééngTl OF THE | NVENTI ON [ 0012] The present

. W CNLion,; . . .
i nventon refat Nore particularly, the present invention rel ates

[0010] Figs. 2a-g illustrate a process tflow for forming a hybrid orientation substrate in
accordance with one embodiment of the invention; and
[0011] Fig. 3 shows the stress characteristics of an embedded stress layer following UV
treatment.

DETAILED DESCRIPTION OF THE INVENTION
[0012] The present invention relates to ICs. More particularly, the present invention relates
to hybrid orientation substrates. Hybrid orientation substrates comprise at least first and second
regions having first and second crystal orientations. The different orientations are provided to
increase carrier mobility of different transistors, such as p-type and n-type transistors. The
invention can be applied to various types of ICs, such as memory devices including dynamic
random access memories (DRAMs), static random access memories (SRAMs), non-volatile
memories including programmable read-only memories (PROM) and flash memories,
optoelectronic devices, logic devices, communication devices, digital signal processors (DSPs),
microcontrollers, system-on-chip, as well as other types of devices.
[0013] Fig. 1 shows a cross-sectional view of a portion of a hybrid orientation substrate 105
in accordance with one embodiment of the invention. The substrate comprises a base substrate
150 of a semiconductor material. In one embodiment, the base substrate comprises silicon.
Other types of semiconductor materials or substrates, for example, SiGe, SiGeC or SiC, are also
useful. Providing substrates which include an insulation or buffer layer, such as silicon-on-
insulators (SOIs), SiGe-on-insulators (SGOIs), silicon-on-nothing (SON), is also useful. The

base substrate comprises a first crystal orientation.



to hybrid orientation substrates. Hybrid orientation substrates conprise at
| east first and second regions having tint and second crystal tations. The
different orientations are provided to increase carrier nobility of
different transistors, such as p-type and n-type transistors. The invention
can belMygl i edFitsd anvhsdcondadtimpasgiofs 1Csndsliié hradefmedonyhaeast sesstratec| udi ng
dynam ¢ random access nenories (DRAMs), static random access nenories

( SRAME Djspasdit stoihabhdessubtrae irebe ififg land sa@np bogvanpabt ererfeadmorbyondBIERdLS
(PROM and flash nenories; optoel ectronic devices, |ogic devices,
CoMMUN|Gaki1qD JHevbeeshe o9 kl@dce3h 2R %mﬁﬁ%%%%&ﬁ&mﬁ&sﬁasﬁlateﬂhle&ﬁ?Q'EHtOl lers,

system on-chip, as well as other ‘types of devices. |g 1 shows a
Cross ie Hd brid orie rate 105 in
accor daﬁ'gttéd é)\n %hatyon Vﬂr%ra 1 gu%ac? {?ggl no\%n Sleso%1 %%at {%etocon'prl ses a
base suhstrate 150 o‘fg Crl sem co ducttl% terial, In one e od| 1551 t he base
subst r SHEEGmEF PRBEm e tec e §EYCIHORUIFE BhERICKBY [avat ert K Shcor
substrates, Ibr example, SiGe, SiGeC or SiC, are also useful. Providing
subst r &cesd siiifask Layes|ibieRmprises AolHrality of sulbtaybisf fsrshpagethe sewo sagace layer
silicon-oninsulators (SO s), SiCe-on-insulators (SCOTS), silicon-on-nothing
( SON) , coraprades anuppdrul firEhebbhaee 13118t 4 Biver cosgaond esb-yéid 14t Threywbead sub-
orientation. Disposed on the base substrate in the first inctl second

act i veldyegidmsises 8 dertREANESUR{tAECR hha8aScdoHd @Pdalb2Rntafibe first surfiie-

| ayer conprises a sem conduct or material with a rust crystal orientation.

Pref er gﬁi 1%] € P SWES Q%e‘?rls &g%ﬂ%%:& %&%ve%xl?ﬁ} A fér LAl 1850 s ARG Sre,

substr In one e I rst sur conpri ses an

o suplayrre é@ﬁ%@’ew&e@see%?@r?ﬂ?ué@é%%ym%ém%%@%%ﬁhhé%%é%ﬁ e

sub- Ia)rl d a Iower or second sub-layer 140. The upper sub - |ayer conprises
a seni eewdiRdusHErRRteal SPTIREYISTE! SEsHNHIEIYSIAS 2 6PG08A FEESSOR. th":LﬁGlQELbThe
second sub-layer is disposed between the first sub-layer and the base

subst r kyer, abfoge mMimepeaam e datethelsaryssrind ikeg secoadcsuiyiseay emsidostess sesral,
stress inducing material. The stress inducing nmaterial conprises a first

st r essindhtiap aicodipeasivt ssesondhstiressb-Difet Meeferdbsy, tbafirdsapuciapavgerial n one
enbodi ment, the stress inducing material conprises a. tensile stress
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t he stress inducing material conprises a high“tensile stress. Prov di ng

stress C e iC onnri ses ot.her o, useful .
Var, oust*%%eél%eﬂ?r Vel R p e AR ERapl g mai?‘P : Caasbeealseisfsm SafbROE Thas

i nducing mat erj al rises a dielectric stress inducjng -ra uch as
Sili Coﬁtg s ipdugi@e mate nB comprises a dielectric stress inducing materlaf such as sﬁlcon nitri &e

Other types of stress inducing materials are also useful.

[0016] In one embodiment, the second sub-layer comprises a composite sub-layer, having a
plurality of buried layers. The second sub-layer comprises first and second pad buried layers

144 and 146 sandwiching a stress inducing layer 142. The second pad layer acts as a buffer layer
to avoid direct contact between the stress inducing layer and the base substrate, which can cause
high stress on the surface of the base substrate. The pad layers also serve to improve adhesion
between the stress inducing layer and the base substrate and/or any overlying layer(s). The pad

layers comprise, for example, a dielectric material, such as silicon oxide. Other types of pad



O her types of stress inducing materials are also useful. [0016]1n one

enbodi nent, the second sub-layer conprises a conposite sub-layer, liavh CT
plurality of buried | ayers. The second sub4ayer conprises first and second
pad buried | ayers 144 and 146 sandw ching a stress inducing |ayer 142. The

second]pad at@yes uRGilS [8Sn@eRYbdificn], BafadtiPyeny Qirfiprilierse kon GRNfeatile thetiaen
the stress inducing | ayer and the base substrate, which can cause high

st ressinraucéihgge}y%ﬁfi(ge slesﬂchEnRﬁéé% éﬁl%?%&ﬁfg%raﬁlli%«‘opﬁﬂieg'lﬂegé %‘eadls%%sgﬁlq.ve to

iITpI‘OVG a ween the stress I nducing |ayer an ase supbstrate

and/ or ov ing. layer(s). The pad |ayers c [i f or exanple,. a.

di el ec[@%l mat eri’ &?Ce:%Xﬁg §£e (‘Solpﬁ]qnég?‘{%d%?lo .beﬁuﬁ#ﬁe té’é@*ggé? S%ggs Y& s are
al so useful. In one enbodinment, the_pad | ayers caonprise silicon oxjde while
the st regsdsifordtie fragsistasper e dhpkresesel @P PRdess lavers shpwld ekhiro eyktdegicatdions

of buried |ayers are also seful. 100171The surface | ayers are copl anar and
shoul dthsenghgfldddcitent layert dfitbk sacond eurfase dayenckoneaxamgty, tressurthee lafiers are about
transi stors. The thickness of the surface |ayers should take into

consi dep@t 2600 Afthichewriteddpdr sirlass dfalyesecoid furics egonef souf sce 10awar. For
exanpl e, the surface |ayers are about 100 -2500 A thick, with the upper
sub- | aygsc thetslﬁ%sssiﬁﬁﬁ)&ﬂ% BYES @fa1d BYEI QEntBPAK f;[é Ghduee tHRARsHed H&kon e

stress inducing |ayer should be sufficiently thick to induce the desired
stress sub- eh. 1l Lo i : S r, the
ar cat ol Pine g B o Bl BN hye s BEIRES iy e MR e BS PUERT Lo BET
about 500 A thick, wt e first a econd | ayers, each bei.ng about
100 A PRPRWMERS e ehenCubdSucnin it 3@0 RJER. wﬁﬁﬂle_f B0 SHOPHREE Stfher
t hi cknesses may al so be useful. [0018] The first and second regi ons serve as
act i vebeiagilmis 160 Ahickhand thewtrassdndusérmigyerrbsiing oot 80ah dhitlor @Er * The first
transistor conprises a first transistor type with a first carrier type; the
secondttickansses tnay atsortpriss@s a second transi stor type with a second carrier
type. Although the portion of the I1C shows only one first aid one second

regi onfo1Bhe Gt dndGktsiRl @ePdhiisald hyacfe tddigds Adnchisk Eednd egoaas. The
plurality of first regions an% second regi ons can have vari ous

conf | 9ULALIGSre fAhef X PPLRS HERALLAUANSI<00Ri4 BRGNS it GABINAL | on

t her eo e cryst orientation in ace layers “enhances carrier
nmobi | i of the first. and second transistors. The stress.inducing |ayer of
The. schbrahsarpatdantyRr SaTirones semadaeen et R oM SAEFBRE serond
transistor. [0019]]1solation regions 130 separate the first and second

sem cofdterdythe agitiono! tslteshorisynly awn st gk enegieeniy! seienp ik i(ded neludeal at e

active device regions fromother active device regions. The isolation
r egi onplucaditpef 8st afdsecexdrgeias. Jhalpluwality of fict r¢gotsanidoacqn8TEEipRYtansve ST
conprises a trench formed in the substrate and filled with dielectric
mat er i adrious W6hHfi @Fatsdds] fRRx@xpeconBehers, ndy-pasigbuEsod andbingitea@®&ebf. reheal so
useful. The iomation regions are sufficiently
crystal orientation in the surface layers enhances carrier mobility of the first and second
transistors. The stress inducing layer of the second surface layer further enhances carrier
mobility of the second transistor.
[0019] Isolation regions 130 separate the first and second semiconductor regions.
Generally, isolation regions are provided to isolate active device regions from other active device
regions. The isolation regions comprise, for example, shallow trench isolation (STI) regions. A

STI comprises a trench formed in the substrate and filled with dielectric material, such as silicon

oxide. Other types of isolation regions are also useful. The isolation regions are sufficiently



deep to prevent, for exanple, punch through. The depth of the isolation
regions is preferably greater than the depth of the surface |ayer. Qher
dept hs are al so useful. [00201lin one enbodi nent, the first orientation
conprises (001) and the second. orientation conprises (110); the first

t r ansi ¢eorto pypenc drprroek. autehtthpegh.r Ahe fenth pf Rietitpldlcegions carefPepPy and
the second transistorcon .pris p-type transistors with hole carriers.

Pr ovi dgmegteothaerthoddpend athe emsadedayeki Oslier dnpths ecatd wefubnt ati ons is al so
useful. The stress inducing layer, in. one enbodi nent, conprises a tensile

stress[gordpci ng ohayRbodithc@n NANEEt HiddRatidohigriked MO hend thd Odcodll basiteEoIPPEr
sub-l ayer of the second surface |ayer. Qher conbination of stress and

ori ent @5&4‘1 r s ﬂ lg)l)?tjhé @ $8hYbtor {@g éc'lnlnhggﬁ%’ n-@'e graﬁBQth]@vitH eReksy cérﬁ@rsfa%ﬁ][ﬁ ng

a hybri I on substrate accordance wth one enbodi nent of the
i nvent j.on, shown in Fi 2a, surface su rate 225 1s provided. The
sur f ace°siH rtﬁ?flél\g@f)F’Pﬁ’reing@néess%ﬁfpggwaﬂﬁt%srwﬁ@@% A r# "Bhi 111&'93@% nent ,
the surface substrate conprises silicon. Qther_types of sem conductor

mat er i AREHRONS pFsisERnslsecsyorgsiong s abjosciud; ERETSEG Isueingdp¥er.dn 98¢
usefill. The surface substrate conprises a second crystal orientation, fri
one enbododiertt, comerisasraftaceestbsstinditcenglopprtd sekange holcojolphiyentlet (1d®). O her
orientations are also useful. The surface substrate serves as the upper

sub- | aygénted upgee ssegado fibe faoad bayak [9rr Wklah comdnaiist of sreef aral second type
are formed. The second type transistors, for exanple, conprise p-type
transi stidistiont YRl Q& Lkquit he surface substrate is about 500 A thick. Qher

t hi cknesses arc al so useful. [0022]Referring to Fig. 2b, the surface

substr gigB )] S RHOCEISEAoLO, fBLILFSLEESS INAHEIDG,BAG K240, 0RUR | Sing

first cl ng Sécon s’on the surface subsftrate. As

shown, stress inducing, stack conprises a plurality of_ layers. Ip one

oo, HERITaEnY L ORE SSPHAL AoTeiaeR onoRs SHiHE SUE 2 RS AR ayer
242 between first and second pad | ayers 244 and 246. The surface substrate
and st saxevideduEhngrBeaswbsiraierrrapsiotist seatieondugiok mahirigh Benpesnbedimaeidbend
surface | ayer 220 of the hybrid orientation substrate, 190231"To formthe
st r esssurfidtucubuyrast @okprishesifibat. @thedr tyayest semidcxinetdr onteribl g gnifsaoees, for
substrate. The first pad iayc conprises, for exanple, a dielectric

mat er i gtam P EGel YIORE R I8t BElapbuisée BhSQrEise hiblstraietofipeis@dRdb ey stal he
pad | ayer conprises an oxide or oxynitride. Typically, the pad |layer is

PR ere bl e sl ASERERS ol obpbiolion I A
pad | AY §ntations are also useful. The surface substrate serves as the upper sub-layer of the second
surface layer on which transistors of a second type are formed. The second type transistors, for
example, comprise p-type transistors. Typically, the surface substrate is about 500 A thick.
Other thicknesses are also useful.
[0022] Referring to Fig. 2b, the surface substrate is processed to form a stress inducing stack
240 comprising a first stress for inducing a second stress on the surface substrate. As shown,
stress inducing stack comprises a plurality of layers. In one embodiment, the stress inducing
stack 240 comprises a stress inducing layer 242 between first and second pad layers 244 and 246.

The surface substrate and stress inducing stack form a substrate stack which serves as a second

surface layer 220 of the hybrid orientation substrate.
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acts as a buffer layer to prevent: direct contact between the subsequently
formed stress inducing | ayer and the surface substrate. Direct contact can
cause high stress on the surface of the surface substrate. The pad | ayer
al so i nproves adhesi on between the two |ayers. [0024A stress inducing |ayer
i s deppesed dam fohe tiid steks padcihgyeack, tkefiwt pad henis fenmvddadete sirfaess | ayer
I n one enbodi nent, the stress inducing |ayer conprises a tirit stress Inch

i nduceg;hau$eC IRM fisk hES BryeNcdnigissyrbAGanHb StdidbariaRav@ial | O1RAGRIBPdI nent
the stress inducing conprises a tensile stress, inducing a conpressive

SR AT s e e,
sUreser el 10 L ter comel ses Sl oo, 0, FISteretluptfS SlaeRe
r

after stress treatnent, The stress treatnent can include,ex)mple. U/ o

t her maPther eaghmigies foofararing (ps@sd diyes py weld ag theckingesss argrabsodiselyl.uses pad layer one
enbodi ment, the stress inducing | ayer conprises a neutral or |ow stress
when deposid 4 edferFoyer exprepte diket @stadepovitetic stbegsentlyyfermaiotmsd mdsciag
neutral or lowtensile stress of up to about 800 MPa, [00251Vari ous

convenfayenald thealifice Wesstean Meccds@dadt@alh 04U hite SiekL&Sthe 3yEhice Jfalie &xaapl €,
the stress layer can be farmed ustng chem cal deposition techniques.

Suchssufg YD THL BV Bler ARG FRNANESS, CYRLPREVR) fayeppi d ther mal CVD
(RTCVd##%gertiarg- Engﬁan1 of Sitane (BTBKS)-based%%ND, or hol | ow cat hode
deposi tiqn (F . O her.techni.que' ar ) sefiul . The.stress_l,ayer, in
acoor dLER! i ¢hoERS M Rene Srornel prUEREgRy thi aes il FEE ey o,
PECVD or FEM Cenerally, the |evel of Si--and/or Si-H _higher the stress.

Pr ef er #H15y [ayen ngmne gabofisgeay, the giress Jylcingdayss somaripenadig! %%GW Wﬁ\?ﬁﬂn es
bonding so as to produce a neutral or tow stress material. For exanple, the
as deposicmad sstssesghd aytace st dvave b anernrbeilimoents thp sicese inducagdaydrn one
enbodi ment, the thickness of the silicon nitride stress |ayer is about 300

1000 Acorppiines attdtisik pessgadavigg akbsapresaiebtresVoINLIiel Geciendd dugh@cubstatd.ayer
is |Ib tied over the stress inducing layer. In one enbodi nent, the second

di el ect{ilubinb ANRE t{FREBF 5iB&S o ok kB OkbGrienlNEd §RERBIutsdtalee & dliCudeBY EMThe
serves to 1 nprove adhesi on between the stress |ayer and any overlying

2 i ook DBRSE LY b S SERPR R Pl @ e LR SRR D o P e scs

are al so, usef ul :
materlafwhllch can alter its stress property after stress treatment. The stress treatment can

include, for example, UV or thermal treatment. Other types of stress treatment are also useful.
In one embodiment, the stress inducing layer comprises a neutral or low stress when deposited.
For example, the as deposited stress layer comprises a neutral or low tensile stress of up to about
800 MPa.

[0025] Various conventional techniques can be used to form the stress layer. For example,
the stress layer can be formed using chemical deposition techniques, such as low pressure CVD
(LPCVD), plasma enhanced CVD (PECVD), rapid thermal CVD (RTCVD), bis- (tertiary-
butylamino) silane (BTBAS)-based CVD, or hollow cathode deposition (HCD). Other
techniques are also useful. The stress layer, in accordance with one embodiment of the

invention, is deposited by LPCVD, PECVD or HCD. Generally, the level of Si-N and/or Si-H



[0027] Referring to Fig. 2e. a base substrate 250 ES provided. The base
substrate conprises a sem conductor Laterial. In one enbodinient, the base
substrate conprises silicon. her types of sem conductor nmaterials, such
as SiGe, SiCee and SiC, are also useful. Preferably, the base substrate
conpr i beslihha thareeswddiyer dabrmaiged hestsys flacataisiss. r aiehigRE . thfPvandid logelbse
substrate havne an nt 14ng tr buffer layei. such as si lvonon-nsal aLots

(SQA s. hightd Be QftedsN P faLBIS tHeSEksShy@Ngh dbbdiaNsHINtIRERINGw (evel 8 BRithg so
useful . The base substrate conprises a first crystal orientation, hi one

enbodi t f ni i - [ J i are
al so ug%i%I p(if)&‘{%éliigk%le&slﬁ‘gEﬁrggastlg&g%gb og%ﬁl{ggg%%] e tra %Eetd%yeggz}ég&ss ﬁ@gfi rate.
As shoywn. the sjlicon oxide of the substrate stack i.s banded.tq the base
cubst r B & LR PSS di OBOAIPHUTT b QES LB ICR A B MS08 NG BSREPSt ne
second surface | ayer to the base substrate. Wafer bondi ng can be achieved
by, folyexiampre, 308ri iylry PHer Suskngssss are alypeusstidckhavi ng t he second oxi de

| ayer into close contact with the base substrate and heating the wafers.
Pressuf26hy beheappiridetieledrit haiek istfatrecdoved thegstreFomdexiagye;. Inaher bondi ng
may be thieved in an inert anbient by applying an el evated tenperature of

about emb8digfent, Gie 2bod didlcb@idn Syer ch@priftRRAIdoNBx NI [TOS 8Sconti ASetASE Iagbe may
be thicker than desired to provide nmechanical stability. After bonding, the

thi ckngssed s iﬁlsm%%@ihésmrﬁﬁb@w%s&leg@es%h\%@kmény R rllcl%'er(ss.h? ib&lgﬁgess

cube surface substrate is reduced to about 00 "A. hi cknesse rc al so

used 1 B R AR P EF TR R S SRR Bk AR 0P o BRpce™ 7

substrate js reduced by chem cal chanj cal polishing (CW). O her

t echni ?P@é‘“t"&t?g‘ﬂlj’élés phHgickarsaTEessotigusubstrate are al so useful . [ 00301As
shown in Fig. 2d, first and second active regions are defined. Portions of
t he set¥3dl surbderingay Eig. 3¢.c hasprovhstrafer’dthis hevideds {Thabesesabstendt ermpresepesi ng
the surface of the base substrate, For exanple, a photoresist layer 70 is
deposi teadicomiuche neeatidiserd adediysr thandsqaibtedaecmpiis spabh.eOoted types

phot oresi st | ayer exposes portions of the second surface layer in the first

regi onef fxNOSRM PPt Hfchl REiISEATACIME ISAC Eark AYEusGLE FrBRPIEH thYbask OF

exanple. isotropic etch., such as reactive ion etch (RIB). Oher techniques

for pa&&bg{rgt,ier&gmtpﬂgesscﬁg Ok material as the surface substrate 225. Providing base substrate
having an insulating or buffer layer, such as silicon-on-insulators (SOIs), SiGe-on-insulators
(SGOIs) and silicon-on-nothing (SON), is also useful. The base substrate comprises a first
crystal orientation. In one embodiment, the first orientation comprises (001). Other orientations
are also useful.
[0028] The substrate stack 220 is bonded to the base substrate. As shown, the silicon oxide
of the substrate stack is bonded to the base substrate. Conventional wafer bonding processes can
be used to bond the second surface layer to the base substrate. Watfer bonding can be achieved
by, for example, bringing the surface of the stack structure having the second oxide layer into
close contact with the base substrate and heating the wafers. Pressure may be applied to

facilitate bonding. For example, wafer bonding may be achieved in an inert ambient by applying

an elevated temperature of about 750 °C for about 2 hours.



surface | ayer are al so useful. For exanple, hard mask techni ques may al so
be used. Spacers (not shown) may optionally be formed on the sidewal k of
the substrate tack to protect it during subsequent processes.

10031! Referring to Fig. 2e, the exposed SliffaCC of the substrate is

pr epar B029]Pr epasahe 0ikefthd theckaiussf dake aafict Bddstide, may 1e6d edilcelr €at aeiiplsuch as
SC/SC2 etching O RCA cleaning), followed by HF cleaning to renove a

naoxi dgr hahdlineSHursdes, acesuk BYEEuditreinsay 1 tiREeOart P&ILAROSRYIRURSHEALS
surface, In one enbodi ment, the first "surface layer is fonneaxial growh.

Preferahl. t first sur | a i 0 . 4 ti | i al

gr om h&%lﬁtyo ﬁdgis?eerrtr)tc)’(%(?ill&lﬁ’eﬂﬁlf> ?tﬁglgr]e(%% ?\E/dedcg%h %1)@(}3 g?lregﬁ{%l% e%g'f Jrﬁi(%ﬁ&’ E’%;( surface
| ayer | s perfaormed py heating the base substrate to ahout 700 - 100 for
wbout BrasRE s ESrle AR HE T g st el Ote” HAGRE S PSP At

| ayer is selectively formed on the exposed base substrate in the first

r egi onYapusfeepgditipnalimyecassasstuchay grindisapr FeiEsg.tdae bs aped raedice die @ipdness.
orientation (e.g" first orient tion) as the base substrate. Formng the
first Pajeabiwithbtiothress ofthesirédcs sobstiatd ie nddatedng chiesniadl swechs@tallpolidiieg f i r st
surface layer is formed wth a thickness equal to about thickness of the

subst r @Nppt @Gkr tebRHddeskbréRice tesut fabSbf thE kA&l 22y @Ko Lgefiilor med, the
phot oresi st |layer is renoved. The substrate can be polished by, for

exanpl hem > | 6l i : [HS nd

cur tac P8 er <o RRAREIL 28, SREElho ATk BB BRE R P BRE SPOETY - o
230 is forped.between the first and.second surface l.ayers, Jdsolating the
first srohdatima e rodoregidhen T RBF QIS oniieare G ds Bired 1o
isolate the active regions fromother active regions. Variqus_ conventional
t echni HpeEate.aRoheExag RN, GyBatoresist daer £ Heissiprosiied ojile epatisise lavehandsTl s
formed by creating a trench in the substrate using conventional patterning
pr ocessasmedudine pstternsk pingjomaidt lapérsopowpiportene b g.seduyndisoehte/layerhe thbept h of
the trench is about 2000 A. Qther depths are also useful. 'The trench is

t hen tfidst egion. tHxpasdi @recisrdfehdraicetid alrfau tdyeAsreStinb calbydifexdxdepleOuher types
of insulating materials are al so useful. Excess dielectric materials are

L 38345 i?@%??érﬁg cRAGRRLE fedd BnREGVRIE). 2OBEARBANG AR SUPSlchAhS IRUBERE-
n Fig. 2g, the substrate is processed to alter the stress property
of 1 hesu%%aE:g ?a%e} Qrg %Fsioqgeﬁll. For example, hard mask techniques may also be used. Spacers (not
shown) may optionally be formed on the sidewalls of the substrate stack to protect it during
subsequent processes.
[0031] Referring to Fig. 2e, the exposed surface of the substrate is prepared. Preparation of
the surface can include a clean treatment such as SC1/SC2 etching (or RCA cleaning), followed
by HF cleaning to remove any native oxide. A first surface layer 210 is formed on the exposed
substrate surface. In one embodiment, the first surface layer is formed by epitaxial growth.
Preferably, the first surface layer is formed by selective epitaxial growth. In one embodiment,
selective epitaxial growth of the first surface layer is performed by heating the base substrate to
about 700 — 1000°C for about 0.5 — 2 hrs. Using the photoresist layer as a mask, first surface

layer is selectively formed on the exposed base substrate in the first region. Preferably, the first

layer comprises the same material and orientation (e.g., first orientation) as the base substrate.



| ayer. In one enbodi nent, the substrate is processed to convert the stress
i nducing layer with a neutral or low stress to having a high first stress.
For exanple, th.e substrate is processed to convert the stress inducing
layer to a high tensile stress layer. The processing, in one enbodinent,
conpr i B&nisy bjeeftrst lagertvnieh stibsth@tielstod otlbdtht@onéiiOhied ugdiM) Thedrstnarthce i UV
treatment is conducted, for exanple, at about 400- 500C for about 10--- 15

MIIS. 1s%ﬁ§éd‘v%¥th\é%l¥knefs§‘é‘q1&[ RESDS m%l&gimff'ﬂ%@ﬁlbwﬁb‘é‘f‘a&k ng the substrate to
a high tenmperature anneal (FITA), for exanple, at about 700 -1000C for

fZESﬂE ﬁ“%ﬂ“nnsf*ﬂ% 8%%@%%%“‘? #%fp Sfg%%eﬁdéé%.@Ok&fié’*%*ﬂ%%‘fzig@“%%b@%% 1HREEE 1o
pPETS. P B e rCRY: ARG Bl DHGTOREE pelgh b BN ' PREAIS DEbBOERTS,

i nt erconnections, passivation, dicing, assenbly and packagi ng. 100361An
exper i #ace laygss wishaedensd taroswisasur e the effect of UV treatment on the
stress characteristics of stress inducing in accordance with one enbodint t
of t he[(0d8Ent i AnshoFlmendtg.@$.sa $RdLEG indorhaydretveanphée §e$ asd $dcamhsunface iagers, Fi g.
3 plots the neasurenents of the experinments. As shown, the silicon nitride,

as deppsiatiag il dSebSIdr RtiCe rdpashsa AW 188 &idt EhShEES al0b fahruto 88t Pa.
After UV treatnment, the tensile stress creases significantly. For exanple,

?388”?%’%% i a0f doaer ﬁl"i%?%?%%%%e ki ?ﬂ?@?ﬁ%@?f‘%ﬁ‘ R T & T e
o1 KRB ok avatte ABUPAEIEy B PR o R BT 1w b %@Hﬁ%ﬁﬁiﬁﬁi&“ o

stress Iayer provi des an easy way to introduce stress in the h

or i ent BYNSFOEIERELRAAPRICTTRG DEFRSEWSEYC B BASKINGHt AU FHIOPE Lelliagt m;P%lly, the
provided in a region of the substrate having a. first (or second)

ori ent atritonf the tepth i abeut HYOper Poramdeptbs af abyersicful c THetreedss theofiliedstitince,
according to one enbodi ment of the invention, a tensile stress layer is

i ncor pedaletid Marribegicbas slicéheéioRider iCdh&upsds odtgsuhavie ghtarialsld®hlsouseft. at | on
to inprove STET perfo itnte. Introducing a conpressive stress layer in a
regi onpQfest B@&ﬁ%ﬁla@h@sa@ﬂheﬂ ré}n&J%Q bhd ?Bhﬁﬁh% bRRid SRRANGSsUbSEe
performance is also contenplated and wi thin the scope of the |nvent| on.
Appl yi ng.the stress to other orientated surface substrates is also 'Iseult
[ 00381The |'nventi on may be enbodied in other specific forns w thout

depart | ro spirit or essenti al racteristics thereof The

f or egol g4 sLhod &gsthetSHB%t@feowrocgﬁSédtt%h@%aﬁ%ﬁgqsaer@&ﬂm%elStrP&la@&l%g
illustrative rat her than |limting the invention described herein. Scope of
t he i nlagnit i lorpnesnbhdinanadhe atbstratsys pivecsaprhorrpayer the siisss indeties laypraithy t he
foregoi ng description, and all changes that conme within the nmeani ng and
range odutedjor oat Hrmytod[aviﬂya lcighifimg saes. iHot exdeple! the bebsenteriapededshétoei n.

convert the stress inducing layer to a high tensile stress layer. The processing, in one
embodiment, comprises subjecting the substrate to ultra-violet (UV) treatment. The UV
treatment is conducted, for example, at about 400 — 500°C for about 10 — 15 mins. Alternatively,
the processing comprises subjecting the substrate to a high temperature anneal (HTA), for
example, at about 700 — 1000°C for about 15 mins. In one embodiment, the HTA is conducted at

about 1000°C for about 15 mins.
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What is clainmed is: CLAIMS A hybrid orientation substrate conprising: a

base substrate conprising a first orientation; a First surface |ayer
di sposed on the base substrate in a first region, the first surface |ayer
having the first. orientation; and a second surface |ayer disposed on

t he bape3substTatafien Eoo‘éﬁﬂmth@gl&&atetcbﬁm&%%%rﬁbthéRgeshcﬂﬁ/}ﬁbcé%ﬁﬂ'grﬂo$l ng
an upper sub-I|ayer haV|ng a second orientation, and a | ower sub-I|ayer

bet weeg, hﬁﬁ t?ﬁéﬁde%%&ﬁllhgh%?@gn& D HPRGhe ﬁfé'?ax'lcﬁé’e%(m fe@ﬁ)n's Oﬁéﬁﬁu%%érayer

haV| ng a r'st stress uci ng a second stress on t e -upper sub-layer
d[ arient t| on subs&rate of ase substrate

corrpr i %léc Si ompgfl'f%s I%Iie@é)ﬁn%: 108y @aSSI‘Sa%O‘f’h‘gCWb?SIS?Jne@P' |a8ﬁpg%agwg5ubst rate of

claim 1 wherein he first orientation conprises , the second

ori ent BPBh coHpPIRSERICPYTE) COngHEFH HemFITUET thgteffé%tsof V eptarst pethssiess and
the second stress is a conpressive stress. 4. The hybrid orientation
subst r ettagactdristFad tiessindn@nglayhein| conerlasashvitlager crclompnigies tsi invedionniThei de.
The hybrid orientation substrate of clanerein the second surface |ayer

f ur t hestresoimduciag$ayar padpdseck ddicbayridberige plotdide basasurstbst baite capeihhes.

| oner sub-layer. 6.The hybrid orientation substrate of claim3 wherein the

I over gybndvay @he GREBH hiGRR, as deposited on the substrate, has a low tensile stress of about 800
MPa. After UV treatment, the tensile stress increases significantly. For example, depending on
the process parameters, the tensile stress increases to about 1400 — 1600 MPa.
[0037] In accordance with the invention, an embedded stress layer is incorporated in a
hybrid orientation substrate to increase carrier mobility for improved device performance.
Incorporation of the embedded stress layer provides an easy way to introduce stress in the hybrid
orientation substrate. The embedded stress layer can be selectively provided in a region of the
substrate having a first (or second) orientation to optimize the performance of specific devices.
For instance, according to one embodiment of the invention, a tensile stress layer is incorporated
in a region of the hybrid substrate having a (110) orientation to improve pFET performance.
Introducing a compressive stress layer in a region of the substrate having a (001) orientation to
enhance nFET performance is also contemplated and within the scope of the invention.
Applying the stress to other orientated surface substrates is also useful.
[0038] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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conprises a pad oxide |layer between the base substrate and the | ower
sub-layer. 8. The hybrid orientation substrate of claim4 wherein he second
surface layer further conprises a pad oxide |ayer between the base
substrate and the | ower sub-Iayer. The hybrid orientation, substrate
of cl awmabiswhemed is:t he second surface | ayer further conprises a pad oxide
| ayer between the base substrate and the | ower sub-layer. 10.The hybrid
orientation substrate of claim4 wheneimig he upper sub-|ayer conprises
silicon oxide. |.The hybrid orientation substrate of claim10 wherein the

t hi ckness of .t u r,. -] r. is _.about 50- 1000 A, and the thickness of
t he Ioﬁer 5%69$§98§8ﬁ§h§§§ﬁ?&§%69n%8%ggA. 12. The hybrid orientation

substrate of claig%G wherein th upger sub-l ayer conprises silicon Oxide.
The hybrid ®P#ERtatAECUUBEI SR BrShPIENEiHY 12 wherein the thi ckness of the

upper sub-layer about 50 1000 A, and the thickness of the | ower sub-Ilayer
i s about 30®lirst ggdaca layer disposed on the base substrate in a first region, the first surface layer

having the first orientation; and

a second surface layer disposed on the base substrate in a second region, the second
surface layer comprising an upper sub-layer having a second orientation and a lower sub-layer
between the base substrate and the upper sub-layer, the lower sub-layer having a first stress

inducing a second stress on the upper sub-layer.

2. The hybrid orientation substrate of claim 1 wherein the base substrate comprises Si,

SiGe, SiGeC or SiC.

3. The hybrid orientation substrate of claim 1 wherein the first orientation comprises (001),
the second orientation comprises (110), and the first stress is a tensile stress and the second stress

is a compressive stress.

4. The hybrid orientation substrate of claim 1 wherein the lower sub-layer comprises silicon
nitride.
5. The hybrid orientation substrate of claim 1 wherein the second surface layer further

comprises a pad oxide layer between the base substrate and the lower sub-layer.

6. The hybrid orientation substrate of claim 3 wherein the lower sub-layer comprises silicon
nitride.

12



14. An integrated circuit (1C conprising: a hybrid orientation substrate
whi ch conprises a first region of the substrate having a first substrate
orientation, a second region of the substrate having a
second substrate orientation, the first and second regions are electrically
i sol at @d byTh&hyteal @idnoamiohsgbarute aivdaim 3 tvhesm thayetonddjdse@nbydr dutiee second
regi on; and a field effect transistor (PET) forned in the second

r egi ONgorihh@deShPad BRIGS 14 yRE BethA¥E thelAVd A sRatbhhtheblveSqibliaghices a second
stress in the second region to increase carrier nobility of the FET. 15, The

| C of claim 14 wherein the HT conprises a pFET, and the stress |ayer
i nduces a conpressive stress in the second region. 16.The IC of claim 14

whereip the stress, | ayer. conprises.silicon nitride. ILThe IC of. claim15

wher oi r t he BY PARE! pEpEioBSHprTLaar drim LaRermin e econd Sukicrdiyadudier

fabricating a hybrid orientation substrate con?nsing t he steps of:
comprises a pad oxide layer between the base substrate and the lower sub-layer.

9. The hybrid orientation substrate of claim 6 wherein the second surface layer further

comprises a pad oxide layer between the base substrate and the lower sub-layer.

10.  The hybrid orientation substrate of claim 4 wherein the upper sub-layer comprises silicon

oxide.

11.  The hybrid orientation substrate of claim 10 wherein the thickness of the upper sub-layer

is about 50 — 1000 A, and the thickness of the lower sub-layer is about 300 — 1000 A.

12.  The hybrid orientation substrate of claim 6 wherein the upper sub-layer comprises silicon

oxide.

13.  The hybrid orientation substrate of claim 12 wherein the thickness of the upper sub-layer

is about 50 — 1000 A, and the thickness of the lower sub-layer is about 300 — 1000 A.
14. An integrated circuit (IC) comprising:

a hybrid orientation substrate which comprises

a first region of the substrate having a first substrate orientation,

13



providing a. substrate conprising a first region having a first substrate
orientation, a second region having a second substrate orientation,
the first and second regions are electrically isolated by an isol ationand
a stress layer adjacent to the second region having a neutral or noderate
tensil e stress, asgtond regiorsafitheesibstrgtethaeingulsstoralt sabstoatt driantaticnl ete f{rkfV)
treatnent to convert the stress layer to a high tensile stress |ayer.

about JrsedéndieBDas ZIQ-eTé&iéﬁﬁ%’hQﬂat@d BY &h DolaliBn Wgs€iaRdt he stress |ayer

conprises silicon nitride. The method of claim19 wherein the stress |ayer

conprises siliconnit Hﬁ?a@g&nﬂo”fﬁé g&gn@;e%t%&{?%&ati ng a hybrid orientation
e g

substrate conprising t steps of; providi a Substrate conprising a first

region havi A efff'eg:tsttranss% osrt(fJE'tF)efo%rnleg Pr;[ t%te 'so¢bnd region, wherein the stress layer

having a first stress induces a second stress in the second region to increase carrier mobility of

the FET.

15. The IC of claim 14 wherein the FET comprises a pFET, and the stress layer induces a

compressive stress in the second region.

16.  The IC of claim 14 wherein the stress layer comprises silicon nitride.
17.  The IC of claim 15 wherein the stress layer comprises silicon nitride.
18. A method of fabricating a hybrid orientation substrate comprising the steps of:

providing a substrate comprising

a first region having a first substrate orientation,

a second region having a second substrate orientation, the first and second regions
are electrically isolated by an isolation region, and

a stress layer adjacent to the second region having a neutral or moderate tensile
stress; and
subjecting the substrate to ultra-violet (UV) treatment to convert the stress layer to a high

tensile stress layer.

14



a second region having a second substrate orientation; the first and second
regions are electrically isolated by an isolation region, and

stress |l ayer adjacent to the second region having a neutral or noderate
tensile stress; and subj ecting the substrate to a high tenperature
anneal i9g ( Th¥Ajetlicd cfemnarits wheeisttheBy trayenttiocénduic@h at ghvsit 460 S506%Stor

| ayer. The nmethod of claim22 wherein. the HTA is conducted at about
700 --a0QR0'1h(C75 fi@fs. about |'s nuns. 24. The nethod of claim 22 wherein the
stress layer conprises silicon nitride. 75.The nethod of claim 23 whereins
| ayer conprises silicon nitride.

20.  The method of claim 18 wherein the stress layer comprises silicon nitride.
21. The method of claim 19 wherein the stress layer comprises silicon nitride.
22, A method of fabricating a hybrid orientation substrate comprising the steps of:

providing a substrate comprising

a first region having a first substrate orientation,

a second region having a second substrate orientation, the first and second regions
are electrically isolated by an isolation region, and

a stress layer adjacent to the second region having a neutral or moderate tensile
stress; and
subjecting the substrate to a high temperature annealing (HTA) to convert the stress layer

to a high tensile stress layer.

23. The method of claim 22 wherein the HTA is conducted at about 700 — 1000°C for about

15 mins.
24.  The method of claim 22 wherein the stress layer comprises silicon nitride.
25. The method of claim 23 wherein the stress layer comprises silicon nitride.
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