HYBRID ORIENTATION SUBSTRATE WITH STRESS LAYER HELD OF THE INVENTION [0001]The
present invention relates generally to integrated circuits, and. more particularly to hybrid orientation
substrates for complementary metal oxide semiconductor (CMOS) applications, BACKGROUND OF
THE INVENTION [0002]Complementary metal oxide semiconductor (CMOS) circuits comprise both
n-type and p-type trAhXBIRED, BRESAHRAEIANDERSHRAEE: WAHILDIREFERYYIB p-type field effect

transistors (pFETs). NEETS utilize electron carders and pFETSs utilize hole carders. Hie carrier mobility
is desired to provide transistors with, f&IEWeT%tIE&@NW%eed. Typically, C:MOS circuits are
formed on silicon substrates having a (100) surface orientation. Carrier mobility, however, is affected
by the siftf¥dé orichstisRseRtievenbel stk iesoreaREripIE), BICersRd HERRhigRdHYBRBATH QB ies with
(100) surface orientation and holes have high mobility in substrates with (11 0) surface orientation.
This undesiriakdy eaELIEN ApRer pEpf&R GRYREY I56Hh § AR SN ANSEREEEMOT0 3] From the
foregoing discussion,desirable to provide substrates which providc high carrier mobility for different
types of PRMRAEO™ch as electrons and holes. SUMMARY OF THE INVENTION [0004]The present

invention relates to hybrid orientation substrates for CMOS applications.
BACKGROUND OF THE INVENTION

[0002] Complementary metal oxide semiconductor (CMOS) circuits comprise both n-type
and p-type transistors, for example, n-type field effect transistors (nFETs) and p-type field eftect
transistors (pFETs). NFETs utilize electron carriers and pFETs utilize hole carriers. High
carrier mobility is desired to provide transistors with, for example, fast switching speed.
Typically, CMOS circuits are formed on silicon 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.



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 §fyer B&me&rﬁmép@%@%bﬁs@%@ﬁda@hﬁﬁfﬁsap%m-m@@nﬂwwgﬁshw kaving a
first stress induces a second stress on the upper sub-layer, [WWIin another aspect of the invention,
an IC cafiprided: alRgBHirafienteriaRosuBOTERcI S ProvisRth TTHE 1RO Ham EafiohestbeiateAdditprises
region of the substrate having a first substrate orientation, and second region of the substrate laying a
second SUBKIA BRI AR FreRA kR L BhEn sy srBaaiBEACSAYIE S Cals 168 1aton
region. The hybrid o entation substrate further comprises a stress layerto the second region, and a
field effeterirsiatdrsgeany resinge are tlecsdedhairelitsd. branddaliqayegnaving iididiress induces
a second stress in the second region to increase carrier mobility of the FET. 100061In yet another
aspect STIRBHHOBGRIAFEINGT 6P RRBFRSAINGSES BRI & barsane &ﬁﬁ?ﬁné@g Hitsibing
substrate, The substrate comprises a first region having a first substrate orientation, and a second

region hellsg easietid SEBL tau sl iedhs SAeonde srmnbhsctng kaglohry e L Fehstsy iedistsd by

an isolation region. The substrate further comprises a stress layer adeacent to the second region
having & ietRPS BFstioldhaeckansiEgivads rersedst I0 NS EdMbRseSitbjecting the substrate to
ultra- elet (UV) treatment to convert the stress layer to a high tensile stress Ia}y‘/&ar. In an alternative

embodiféfi0khe b AIREIGHRY S s R IbS S irheirpEa Ry BitheHRRE AT A) to

convert the stress layer to a high tensile stress layer. 100071 These and other gbjects, along withar
ges andHREOMTRESPauant HenibPsHaiin BriosEataaprEding dpharainthasith?rEtstence to

the following description and the accompanying drawings. Furthermore, it is to be understood that the
featuresSHEsHaiforientation, and a second region having a second substrate orientation. The first and

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



embodiments described herein are not mutually exclusive and can exist in various combinations and
permutations. BRIEF DESCRIPTION OF THE DRAWINGS 100081In the drawings, like reference
characters generally refer to the same parts throughout the different views. Also the drawings are not

ventio VAL SHBBLHEREIGEE FrBSLEN N e NG AT i BN S FETLPEA B Yo Wi folowing
drawings, in which: [Q009]Fig. 1 shows.a crass-section of portion ela hybrid.orientation substrate in
ccoordoRES LS BOATRERT S G GFRT fOBFOIIGE 28k IEFal & Flotess flow for
o A S TR e o ienes e nen ol e peniel ook
with one embodiment of the invention;
[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.



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 tint and second crystal tations. The
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Preferatﬂ}/ the surface Ias)é%{iggrrlraarlses the sa}rﬂe material a% I})/Irers%ﬂse .sup%trate. In one embodiment,

. I CO T1SCS a ctor.ma avl SCCOIL orientation. . .
the first SLYr?aceqla?yer comprises an eplf%maxﬁayer. %Safor 1 SecC surface ll%yer, It comprises a

pluralty sub-1aySie; s Show4ece 4. IR AYE], SOMBISes ARSI ALY Aoner o
forming an embedded layer. The second sub-layer comprises a stress inducing material. The
stress inducing material comprises a first stress which induces a second stress on the first sub-
layer above. In one embodiment, the stress inducing material comprises a tensile stress material,
inducing a compressive stress on the first sub-layer. Preferably, the stress inducing material
comprises a high tensile stress. Providing a stress inducing layer which comprises other types of
stress is also useful. Various types of stress inducing materials can be used. For example, the
stress inducing material comprises a dielectric stress inducing material such as silicon nitride.
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



layer comprises a semiconductor material haying a second crystal orientation. 100151 The second
sub-layer is disposed between the first sub-layer and the base substrate, forming an embedded layer.
The second sub-layer comprises a stress inducing material. The stress inducing material comprises a
first stress which induces t second stress on the first sub-layer above. In one embodiment, the stress
inducing it A depripedels A wivsHiastrhsmhaiied g diHageing aridin precanexidressibhthses fiess
sub-layer. Preferably, the stress inducing material comprises a high tensile stress. Providing stress
inducing My e MR CONIBIISES sékﬁ@ntyb@éeof@fk@wqgfé&@am@ﬁmf\baﬂ%éawéérsfa&w?ﬁhucing
materials can be used, For example stress inducing material comprises a dielectric stress inducing
-ratll sudAUdkilicohhsittacoOmar tyise s Gl anasathaisishbmanricirndic ko to SefUE 1902B11% one
embodiment, the second sub-layer comprises a composite sub-layer, liavh CT plurality of buried
layers. TR&IQetEHdhauBamyEptonipedaichnssanttie sorfacsdayBuridw 1y érsc1al sAEsIB 8 KIdiching a
stress inducing layer 142. The second pad layer acts as a buffer layer to avoid direct contact: between
the stred8q Aderhyepsariaveieobuesseprd e agmieyPbaR Cauee Rightieraydane ty st FecebePthe
base substrate. The pad. layers also serve to improve adhesion between the stress inducing Jayer and
the basé Q%s%é%?éﬁbv@f,aﬁ%dbédm@r ey Phéhs e rydaraprge rdrebrihle, K Welectric
material, such as silicon oxide. Other types of pad Layers are also useful. In one embodiment, the pad
layers cHMfisEsiREGRs IRt WalRyHie aprdddmaniErignayéhick inprrdascsiie slisitdcrs csitnerthe
configurations of buried layers are also seful. 100171The surface layers are coplanar and should be
sufficien®PHieR 0 6Fvd b8 Ashve HiBIsS Io e tpenkaeesr i eTeis sic KifededT Wi sedrabbqagers
should take into consideration of the embedded stress layer of the second surface laver. For example,
the surf&&ebRYEIErEaBRRANTONLBYEr AS k! mgh%bpwéljb%wr%ﬁtﬁ@%%aﬁa QYR hyer of
about 50 --- 000 A thick, The stress inducing layer should be sufficiently thick to induce the desired
stress oA%HE Gb?i@r@?o&éb&ksiﬁg‘éﬁ@éﬁﬁﬁé W&&H@Efr@%%}&%ﬁé/ Srickin@%sess induced. In
one embodiment. tile second sub-layer is about 500 A thick, with the first and second pad layers each
being atBiREE SR thickalao1bensediress inducing layer being about 500 A thick. Other thicknesses may

also be useful. ) ] ] )
[0018] The first and second regions serve as active regions on which first and second

transistors are formed. The first transistor comprises a first transistor type with a first carrier
type; the second transistor comprises a second transistor type with a second carrier type.
Although the portion of the IC shows only one first and one second regions, the IC can include a
plurality of first and second regions. The plurality of first regions and second regions can have
various configurations, for example, contiguous, non-contiguous or a combination thereof. The
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



[0018]The first and second regions serve as active regions on which first and second transistors are
formed. 'The first transistor comprises a first transistor type with a first carrier type; the second
transistor comprises a second transistor type with a second carrier type. Although the portion of the IC

shows only one first aid.one second reqgjons, the 1C.can include a plurality of first and second regions.
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[00201lin one em e first orlentation comprises e second.orientation comprises

(110); the first transistor comprises a n-t ransistor wi iers and, i cond
et e o e R A S e econd

orientations is also useful., T ress i [ o imer S,@ tensile stress
inducingorélg/rére ﬁ)@ﬁ%ﬁ%@éﬁ%ﬁ%ﬁ Ift‘i:/g?nhﬁ%g(ﬂl%%?%?é’ni@glgﬁgé%ﬂé@b%gty}gr 0 téh§ee%econd surface
layer. O_tohr%rn?ﬁtringgnﬁ_teiparllsgfuggﬁﬁs and orientations are also useful. [0021 jFigs, 2a-g show a process

for forming a yBI’Id orientation substrate 205 in
[0021] Figs. 2a-g show a process for forming a hybrid orientation substrate 205 in

accordance with one embodiment of the invention. As shown in Fig. 2a, a surface substrate 225
is provided. The surface substrate comprises a semiconductor material. In one embodiment, the
surface substrate comprises silicon. Other types of semiconductor materials or substrates, for
example, SiGe, SiGeC and SiC, are also useful. The surface substrate comprises a second crystal
orientation. In one embodiment, the surface substrate comprises a (110) orientation. Other
orientations 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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accordance with one embodiment of the invention. As shown in Fig, 2a, a surface substrate 225 is
provided. The surface substrate comprises a semiconductor material. in one embodiment, the surface
substrate comprises silicon. Other types of semiconductor materials or substrates, for example, SiGe,
SiGeC and SiC, are also usefill. The surface substrate comprises a second crystal orientation, fri one
embodittRkhe sleriadipsirate onmrssk o) brhearthlissT Bitmshenthfoteiars also useful.
The surface substrate serves as the upper sub-layer of the second surface layer on which transistors
of a secHF e é?@efgfﬁﬁé’éfi'fﬂ@%%%ﬁ&%é‘ﬁ&ﬁ%@fﬂ%?fﬁﬁemt%%p@]&b% #ansistors.
Typically, the surface substrate is about 500 A thick. Other thicknesses arc alsq useful. . .

[0022] RETETHESE BYS2BS thE: stiF e suitdintents Hrovsb LGS TR S SR e eicig SiEek 240
comprising a first stress for inducing a secaond stress on the surface substrate. As shown, stress
inducing! $TIER BorSrRaES 3y BidPAREMSH By dhsTRAbHE LB ftAerE i Stsss Mdleity Sradk
comprises a stress, inducin%layer 242 between first and second pad layers 244 and £46. rﬂ;surface
substrat® HRHISHEEG YRR A SRE SRS upstiats L b ipkReRsse ArE 858 Wedtordeh fAyer 220
of the hybrid orientation substrate, 190231"Co form the stress inducing stack th %[[hat pad layer is
formed B 8LHEEE @MB%EP&&?WH&‘#WE?%%H“%%’EWBHé‘é%?Ygﬁﬂ%%ae%"g‘&ﬁ@el CERIRAEHAL. Other
types of materials are also useful. in gne embodiment, the pad Jayer comprises an oxjde or oxynitride.
Typicallf2XAeapadhayBFRC tHREEAH theHar SRRFATER St SRR ABSLOTARBROIONE TEHE Other
techniques for forming the pad layer as well as thickso useful. The pad layer acts as a buffer layer to
prevent SHISEH Eort AR PASARKE 7 e S SRR A SHIRIY StReLs INUART Sayer and the surface
substrate. Direct contact can cause high stress on the Bu;é?ce of épe surface substrate, The pad layer
2lso A achRBR B RHEATTE > SRS 6P 4R LB TRV A ORREREN the first
pad layer, serving as an embedded stress layer. IH o%%(imbodimen_t, the stress inducing layer

comprisSSSSSHY Shre s ATPedERE Y SR SHESS LSS GRS AT AT B B o Rauces

embodiment, the stress inducing comprises a tensile stress, jnducing a,compressive.stress on a (1 tO
oriented®SiFtHRS LHSHPRE Eﬁ‘?g*‘bgﬁ@f‘tﬁf%é%‘@f fase Wb?&»ﬁﬁﬁ%ﬁé?%ﬁéﬁé&%&%‘fﬁxﬂee
substrates is also useful. The stress inducing Ia%/er comprises silri@gg nitride.frefgq;cablétithe stress

induct. nGYEPESED ISASKS HrS5Ta SRR AR A AR SITAY IR AR BIOPEHY SREF SRS XA, The

stress treatment can include,exmnple. UV ar thermal treatment. Other types of stress treat t are
2150 USRI HRER A TR LR TR EIRG YER CL SHURS AT P 0 el ki

deposited. For %xam le the as deposiﬁd stre.s&igg r %%mgﬂls%g atneutral or.Iovitensile stress of up to
about 808 VP00 VS BB HHBHEM B S CaN b 8Bt ORI R LS Ry BF or
example, ) ) .
material which 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



the stress layer can be farmed ustng chemical deposition techniques. suchssure CVD (LPCVD),
plasma enhanced CVD (PECVD), rapid thermal CVD (RTCVD),(tertiary- butylamino) sitane
(BTBAS)-based CND, or hollow cathode deposition (FWD). Other technique' are also useful. The
stress layer, in accordance with one embodiment of the invention, is deposited by LPCVD, PECVD or
FEM. Ggﬁ@ﬂéﬂ%,%@?é\tf@%?%’ﬁ%‘?&%?l@ﬁﬁt%?&ﬁé? theratredstiprefeiabighthésiRosdingdrves the
deposited should have a low level of bonding so as to produce a neutral or tow stress material. For

example G EEESdd Sreddialisrsisstiavsme dmestiet-chidite g iy i sio EPrpdtitnt, the

thickness of the silicon nitride stress layer is about 300 1000 A. other thicknesses are also useful,
WONTh&S 8 RARIMHEILYEIY HredBHisF fhe SHeSLRBITIRG PyEPaN SAs B ERY e
second dielectric layer comprises silicon oxide, The second dielectric layer serves to improve adhesion
betweerfE &PSUEILOBIASHEARFS G %@?@?Wp?@gleﬂlfé‘%égﬁ}éecﬁ@‘é%‘?rf&t%‘}%Ft?'ﬁ:?eposited
by CVD and has a thickness of about 50 - 150 A. other deposition techniques or thicknesses are also

useful. [F571REREHING Yo FigP L8 S PHERBINSEES SKPES Bitided. The base substrate comprises a

semiconductor Laterial. In one embaodinient, the base substrate comprises silicon. Other types of
semicondé®r ma aﬁg?%%ﬂ:ﬂ%@%&%%@gﬁ%&%@ SIS USERABETADY) Offe base

substrate comprises the same material as the surface substrate 225, Providing base substrate havme
an nt 14FRPHBRRF &? ek GHRGIPEH- TR SR X - IMISEROH(EEEII %R d
silicon-on-nothing (, is alsg useful, The base substrate comprises a first crystal orientation, hi one

embodirBNEStH RIS ATRGEN ASINHELL 6B S BifEABRemansAY e 4as§heldPietbsbene

substrate stac 0 in.bonded to the base substrate. As shaown. the silicon oxide
seconc# d%ezlectric ?ayer ?s (?eposited by CVD and has a thickness o% about 50 — 150 A. Other

deposition techniques or thicknesses are also useful.

[0027] Referring to Fig. 2c¢, a base substrate 250 is provided. The base substrate comprises a
semiconductor material. In one embodiment, the base substrate comprises silicon. Other types
of semiconductor materials, such as SiGe, SiGeC and SiC, are also useful. Preferably, the base
substrate comprises the same 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.



of the substrate stack is banded to the base substrate. Conventional wafer bonding processes can be
used to bond the second surface layer to the base substrate. Wafer bonding can be achieved by, for
example, bringing the surface of the stackhaving the second oxide layer into close contact with the
base substrate and heating the wafers. Pressure may be applied to thcilitate bonding. For example,

wafer bRy malpeirierserinbar i cimbidht B REpRIRY B aeVAe deBifpsbraR & 6rBsut -7-0

oC tot about 2 hours, for handling purposes, thesubstrate may be thicker than desired to provide
mechaniBahatsbing PReFBoHthinEthte tHRMFES SRy BaiskEf AR dradirddmRigssreelaiiany, the

thickness cube surface substrate is reduced to about 00 A. Other thicknesses arc also useful. Various
conventiifdliproddiecondiag, daghding bisdstiigd canhseleriey (b irdaate theoiritkndls. preferably,
the thickness of the surface substrate is reduced by chemical mechanical polishing (CMP). Other

techniquBiskBsERidb e S tatb SriRdsSidefetd ot roris <o b st hecssavirrin s g s o irst and

second active regions are defined. Portions of the second surface layer are removed from the first
active reéffiBRUEXBBYHTY tHal Sipereacsr thehsase 8BS  EdLeseihiine s e SR otdresiSt ik pests
deposited on the second surface layer and patterned. The patterned photoresist layer exposes

portionstSF ipraREcBIsd uGHaRSs RiyBF MtRetirebrbgions Bdysed pariBheabmpd aucahershisge 1ayer

are removed by, for example. isotropic etch., such as reactive ion etch (RIB). Other techniques for

patternifg Yo sCUBRtt st iiperedrs il Uit HSheubpisite At altAaskchniques may also be

used. S[f@(:ers (not shown) r,n%y optionally be formed on the sidewalk of the substrate tack to protect it
1

during s\l9384uent 5rifiaeada Figokh isiarnthirtorgeoye igiaspaetr Sindctotrmedibstrate is

prepared. Preparation of the surface can include, a clean treatment such as SCI/SC2 etching Or RCA
cleaningf IO HEEREY BRI By 1 NEb RN CAHSP s R A 155 RIihebash the

exposed
P substrate. For example, a photoresist layer 270 is deposited on the second surface layer and

patterned. The patterned photoresist layer exposes portions of the second surface layer in the
first region. Exposed portions of the second surface layer are removed by, for example, an
isotropic etch, such as reactive ion etch (RIE). Other techniques for patterning the second
surface layer are also useful. 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.



substrate surface, in one embodiment, the first surface layer is fonneaxial 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 - 1000C for about 0.5 -

2 hrs. Using the pholoresist layeras a mask, first surface layer is selectively formed on the exposed

base substratgihEftdersgisih praserapisitheof &t rajEttsivtise s 1hd sakhe fskerdpembpyer

orientation (e.g" first orient tion) as the base substrate. Forming the first layer with other materials or
orientatibri@TEIalsy i arthickAestirtual imeory Bl R AR RPAtERIEIASSs equal to about thickness of

the substrate stack. 10032.1After the first surface layer is formed, the photoresist layer is removed.
The subtfar can HEGShisHES! By fsicdaurhpidoBRemiBaIhReRE A YFBlISRERNIE) td BrsubriEatst and

second surface layers with coplanar top surfaces. [00331As shown in Fig. 21, a STI 230 is formed
betweerF Rt i bB¥oRd St 1s)ericl shethenial MR SHE SRbHuPaedives digios BiRef sTIs

(not shown(%%arc also formed to isolate the active regions from other active regions. Various
conventiBBERcR BTGB ROB M SYERYS form the ST1. In one embodiment, the ST1 is formed by
creating a trench in the substrate using conventional patterning processes, such as masking and
anisotrofl@Etbning THAREAN THE- déptro o thid et A56tiE S0t ArOtHESBpihsWreca sy teeful.
‘The trench is then tilled with a dielectric material such as silicon dioxide. Other types of insulating

materialS Qi g e et At aeseadmsibvirne s aterAil st e et shovad aidrlss I iraatdoiiie a

planar top substrate surface. 100341In Fig. 2g, the substrate is processed to alter the stress property
of the stFRSTHYBERFPRYEPIOEHE BrHBBATHERE; tHeriIBstRCRISRICALHURE R 6RY Bt THE StYESs

inducing Ia%/er with a neutral or low stress tg having a high first stress. For example, th.e substrate is
processEUSTEIRGEH thdrstrssmradirialiertd Hhighieh SrecLAtias B isroril Brotdssay, in one

embodiment, comprises subjecting the substrate to ultra-violet (UV) treatment. The UV treatment is
conductéei o YRS LD AT RO SeEES for AhbUPEeKD S 8 KNGS NTRNTAIGRIYS the/ Btbed

comprises subjecting the substrate to a high temperature anneal (FITA), for example, at about 700
1000C TP HbBU S SARSSIA OHE OO U Bt]fﬁ,&‘r&aéﬁ‘haﬁf’c&é‘d z?‘aﬁf&af SOvE B a5

mins. a dielectric material such as silicon dioxide. Other types of insulating materials are also useful.
Excess dielectric materials are then removed and polished to provide a planar top substrate
surface.
[0034] In Fig. 2g, the substrate is processed to alter the stress property of the stress inducing
layer. In one embodiment, the substrate is processed to convert the stress inducing layer with a
neutral or low stress to having a high first stress. For example, the substrate is processed to
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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[00351Thereafter, processing of the substrate continues to fora; the IC. Such processing for example,
includes tbrming nIFF,Ts and pFETSs in the first and second regions, kir ing other circuit components,
interconnections, passivation, dicing, assembly and packaging. 100361An experinne t was conducted
to measure the effect of UV treatment on the stress characteristics of stress inducing in accordance
with ond ¥HBbdiméEhesearerinventisi eriielrads it emginage fedmpribed SilicvphritagessElg. Bplots
the measurements of the experiments. As shown, the silicon nitride, as deposited on the substrate,
has a lof*EHdite 8fadsofoamds BBBNAPd PARds Unthechirhard, rordrisaoBirdestimebssignificantly.
For example, depending on the process parameters, the tensile stress increases to about 1400 1600
TY1Pa. {0087 FRERUBHANEETFRRTR e AABHY i BrdbdBacth siedy pifbpaskreidmorated in a hybrid
orientation substrate to increase carrier mobility for improved device performance. Incorporation of the
embeddd§itless R)SHPrETITES WS €a8¢ Wtdf te mﬁ@m@@ﬁﬁé@ﬁﬁﬁ&Vhtyﬁﬁal@@mélﬁ@ﬁt@@bstrate.
The embedded stress layer can be selectively provided in a region of the substrate having a. first (or
second) OAGESTISHCR0S Btz B eI pe Mieh haecordgreeifdthovie s8 dimestapicdc darentint tbhsne
embodiment of the invention, a tensile stress layer is incorporated in a region of the hybrid substrate
having 2{EI0PEHERGIBITTETMPreTR TR HEifrithige 3 atrsttharecaserrmsris sl e fraaigaisn a
region of the substrate having a (001) orientation to enhance nFET performance is also contemplated
and withys 81§80 sHisRNIAVERROH XpERIAG thelstadsitatethas 6|Ffé‘ﬁt‘§f§éll"s§ﬁlﬁéé>§ab%ﬁa?t@9 is also
'Iseult [00381The invention may be embodied in other specific forms without departing from the spirit

or essenfiBPcHESEENSHER IR te Sheris8 YdrsgSitg STt EntscInBrefb fs, XA e GisHeidered in all

respects illustrative rather than limiting the invention described herein. Scope of the invention is thus
indicate B PR SEARSH Beisdcratifeitipsr sy aresirebomy delcriftithVaRd all changes that come

within the meaning and range of e;wival,ency or the claims are intended to be embraced therein. What
is claimd®Pi7] 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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CLAIMS 1. A method of fabricating a hybrid orientation substrate comprising the steps of: providing a
substrate comprising a first region; the first region having a first surface layer having a first
substrate orientation, a second region; the second region having a second surface layer having a
second substrate orientation, the first and second regions are electrically isolated by an isolation
region, Whheisekonddsigrface layer comprising a plurality of sub-layers over the second region,
wherein the plurality of sub-layers comprise an upper sub-layer comprising a semiconductor material
having a second crystal orientation over a lower giialaer comprising a first and a second pad buried
layers sandwiching a stress layer having a neutral or moderate tensile stress; and converting the

stress layer to aahigétien sifefairkasihaychybtie eiortanvesingtitie stiapsidiyethedrpsisgs subjecting the
substrate to an ultra violet (UV) treatment. 2. The method of claim 1 wherein the first and second pad

buried layers sgyue/idingpransteatbesiaprivityeen the stress layer and the substrate. 3. The method of
claim 1 wherein the second pad buried layer serves as a buffer to avoid direct contact between the

stress layer and the subfitsategibnAthecfinstaagfi alivisationg firbyhinithorikyatiavisgksfiatesgostprésing the
steps of: providing a substrate comprising
orientation,

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

the second surface layer comprising a plurality of sub-layers over the second
region, wherein the plurality of sub-layers comprise an upper sub-layer comprising a
semiconductor material having a second crystal orientation over a lower sub-layer
comprising a first and a second pad buried layers sandwiching a stress layer having a
neutral or moderate tensile stress; and

converting the stress layer to a high tensile stress layer, wherein converting the stress

layer comprises subjecting the substrate to an ultra violet (UV) treatment.

2. The method of claim 1 wherein the first and second pad buried layers serve to improve

adhesion between the stress layer and the substrate.

3. The method of claim 1 wherein the second pad buried layer serves as a buffer to avoid

direct contact between the stress layer and the substrate.

4. A method of fabricating a hybrid orientation substrate comprising the steps of:

providing a substrate comprising
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a first region; the first region having a first surface layer having a first substrate orientation, a
second region; the second region having a second surface layer having a second substrate
orientation, the first and second regions are electrically isolated by an isolation region, the second
surface layer comprises a stress layer over the second region, wherein the stress layer is formed

below a semiconductog firgtes@onatiodisiseeioteiisiihdireriatiacedageconviiisesiscamaaaie
sub-layer having a plurality of buried layers, the stress layer having a neutral or moderate tensile
stress; and stibiggting the substrate to an ultra violet (UV) treatment to convert the stress layer to a
high tensile stress layer. 5. The method of claim 4 wherein the UV treatment is conducted at about

400 - 500C for about 1Dsetbrimirg;ion; FHessoetdadyidelaing whetena tuefateraljy ahbingedstapacs
comprise a first pad buried layer and a second pad buried layer sandwiching the stress layer. 7. The
method of clainsgbethreairishetietanhd fxaddpdriedday esgionseseas et tibiaiiy isotateitiyirecisotmiact

between the stress layer and the substrate. 8. The method of claim 1 wherein the UV treatment is
conducted at abegiioQ0 - 500C for about 10- 15 mins. 9. A method of fabricating a hybrid orientation
substrate comprising the steps of:
the second surface layer comprises a stress layer over the second region, wherein
the stress layer is formed below a semiconductor material having a second crystal
orientation and comprises a composite sub-layer having a plurality of buried layers, the
stress layer having a neutral or moderate tensile stress; and

subjecting the substrate to an ultra violet (UV) treatment to convert the stress layer to a

high tensile stress layer.

5. The method of claim 4 wherein the UV treatment is conducted at about 400 — 500°C for

about 10 — 15 mins.

6. The method of claim 4 wherein the plurality of buried layers comprise a first pad buried

layer and a second pad buried layer sandwiching the stress layer.

7. The method of claim 6 wherein the second pad buried layer serves as a buffer to avoid

direct contact between the stress layer and the substrate.

8. The method of claim 1 wherein the UV treatment is conducted at about 400 — 500°C for

about 10 — 15 mins.

9. A method of fabricating a hybrid orientation substrate comprising the steps of:
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providing a surface substrate comprising a first region having a first layer with a first substrate
orientation, a second region having a second layer with a second substrate orientation, the first
and second regions are electrically isolated by an isolation region, wherein the second layer comprises
a semiconductor material having a second crystal orientation formed over a stress layer comprising a

composite layephaxiigpadiurtliey sabbtuieddaysisinge stress layer having a neutral or moderate
tensile stress over it; bonding the surface substrate to a base substrate, wherein the base

substrate has the same fitdpséite dHeiM@tdirasaing fuish lsiest audtrate oviRviertiog, the stress layer of
the second region to a high tensile stress layer, wherein converting the stress layer comprises

subjecting the substratestgemnl wbigioviaketify ¥ séepatmeydr viith A ecorethobsnhe aiietarber eie fivst
stress layer comprises silicon nitride. 11. The method of claim 9 wherein the UV treatment is

conducted at atapdts¢06r bR Ieebelutitidallp istilzsed 18 arhisohitrotgibalaihebeintheeiacte second
region comprises an upper or first sub-layer and a lower or second sub-layer. 13. The method of claim
12 wherein the |layeercompeisend sumidayducompaisesithevitessdayed.crystal orientation formed
over a stress layer comprising a composite layer having a plurality of buried layers, the
stress layer having a neutral or moderate tensile stress over it;
bonding the surface substrate to a base substrate, wherein the base substrate has the same
substrate orientation as the first layer; and

converting the stress layer of the second region to a high tensile stress layer, wherein

converting the stress layer comprises subjecting the substrate to an ultra violet (UV) treatment.

10.  The method of claim 9 wherein the stress layer comprises silicon nitride .

11. The method of claim 9 wherein the UV treatment is conducted at about 400 — 500°C for

about 10 — 15 mins.

12.  The method of claim 9 wherein the second region comprises an upper or first sub-layer

and a lower or second sub-layer.

13.  The method of claim 12 wherein the lower or second sub-layer comprises the stress layer.

14.  The method of claim 9 wherein the plurality of buried layers comprise a first pad buried

layer and a second pad buried layer sandwiching the stress layer.
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14. The method of claim 9 wherein the plurality of buried layers comprise a first pad buried layer and a
second pad buried layer sandwiching the stress layer. second stress on the upper or first sub-layer.
16.The method of claim 15 wherein the stress layer comprises a tensile stress material which induces
a compressive stress on the upper or first sub-layer.

15.  The method of claim 13 wherein the stress layer comprises a first stress which induces a

second stress on the upper or first sub-layer.

16.  The method of claim 15 wherein the stress layer comprises a tensile stress material which

induces a compressive stress on the upper or first sub-layer.
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