METHODS FOR NORMALIZING STRAIN IN A SEMICONDUCTOR DEVICE
TECHNICAL FIELD [0001] The present invention relates, generally, to
semiconductor device fabrication and, more specifically, to methods for
fabricating devices in which the electrical performance of semiconductor

devices is enhagged Py gioRSN@YRINIRE, BERStAter BAGKGROUND
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compressive strain in silicon, while SiC creates tensile strain in silicon. A
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improve performance in P-type vices. [0005] Strain can also be

silicoyspiew by FEvPiFi iR R AIAEATSIE Tag el aschiiaalhi-gtojeht forward way to
improve device performance without introducing process scaling complexity.

[0004] A common practice used to create strain in a silicon lattice is to form a layer of
material adjacent to the silicon channel region that has a lattice constant that differs from
silicon. Both silicon germanium (SiGe) and silicon carbide (SiC) have been used in MOS
device fabrication. Since the lattice constant of SiGe is larger than that of silicon, the lattice
mismatch puts the silicon under tension and the charge carrier mobility increases though the
strained silicon lattice. Similarly, the lattice constant of SiC differs from silicon, however,
the type of strain created by SiC differs from that created by SiGe. Alloys such as SiGe
create compressive strain in silicon, while SiC creates tensile strain in silicon. A bi-axial, in-
plane tensile strain field can improve performance in N-type MOS devices, and compressive
strain parallel to channel length direction can improve performance in P-type MOS devices.
[0005]  Strain can also be applied by forming a strain-inducing layer, such as an etch-stop

layer, on the gate electrode and the source and drain regions of an MOS device. Materials



layer, on the gate electrode and the source and drain regions of an MOS
device. Materials 1 such as strained silicon nitride induce strain in the
underlying silicon regions due to the compressive force of the silicon nitride
layer on the underlying silicon. Highly strained silicon nitride layers have
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channel regions of MOS transistors. [0006] While both of the above methods
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_ differenceS component density. In particular, regions of a device having a
strain higheddrging hgigatiert MAvicassipisonents, such as MOS transistors,
[00067 MUY IGHNSI IS (£Y rarﬁé‘_\'%éhrﬁnﬂ'}é@ssn r%‘é‘%é%}ﬁasaé‘pﬁﬁ%gﬁ%{ %?é%ﬂﬁ haYINgeq
lower transistor population gensny. or example, the effect of compressive
silicostdaiidesntharcatattisidp daffer somuchnrumiéopnonmssdeddsrsitison degionsaused

havin w transistor density as.compared to.regions having .relatively.high . .
by og SRR o067 R e ST B CrR A e T « hh
densisapokatianomndngevioe isohapedensrsesitiansdypantiaieddranbisioliswelGlrive
iIsa g}lot of off-current versus on-current for isolated verses densely

1(b )
Currerﬁg}ﬁai% B RO Th S HES INhBAY E &l QY SErBasL Bl g PBIAHRD

densi®ICIF SRR ARYSIE BV Y ROAMENIRIQEIGABRI TPRACR Y 1HRSSs much more
1?r’tansistorsﬂt%_)'%?as much as 8 percent. [0008] Shown in FIG. 2,@{1
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region” 12 of semiconductor substrate 10 includes gate electrodes 14 having
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muchdesgpbed@bove, a compressive layer 24 is deposited to overlie the device
[0008?truc hrggvrilnirfli rPS,fGre%lolg %Eogsr—]gection, are two regions of a semiconductor substrate 10
arranged in accordance with the prior art and populated with MOS transistors. A first region
12 of semiconductor substrate 10 includes gate electrodes 14 having a first lateral spacing
D,. A second device region 18 includes gate electrodes 20 having a second lateral spacing
D,. Gate electrodes 14 and 20 include sidewall spacers 22 on the vertical walls of the gate
electrodes. The sidewall spacers can be formed, for example, by depositing a layer of
spacer-forming material and anisotrophically etching the spacer-forming material.

[0009] In accordance with one of the strain-inducing methods described above, a
compressive layer 24 is deposited to overlie the device structures in first region 12 and
second region 18 of semiconductor substrate 10. Compressive layer 24 will enhance the
electrical performance of the transistors by inducing strain in the channel regions of the

transistors underlying the gate electrodes. The plots shown in FIGs. 1(a) and 1(b) are

representative of the variance in transistor performance obtained by the MOS transistors
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second region 18 of semiconductor substrate 10. Compressive layer 24 will
enhance the electrical performance of the transistors by inducing strain in
the channel regions of the transistors underlying the gate electrodes. The
plots shown in FIGs. 1(a) and 1(b) are representative of the variance in
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In FIGs. 1(a) and 1(b), the plot identified as "Isolated” corresponds to

transigQFisi8ORs iFRIeNrgidh I devide et e pidiekiantifa e peiesgonds to the
electr%%ﬁzﬁéﬁeﬁ%ﬁseeﬂa? nSIRGUGA! Reriepmanca Al FRNASIAERIAREFIINEURY Hance

_  described above, the variance in electrical performance of the transistors
in elegirreg)ipagazrandeld disaaisoirvlisdroregiprsrateand I8 pdlseet conghector substrate

10 1s ¢ t he I ni 1-rain -ea in region .com sstve layer 24.
fg%rl%{lfog'm ﬁgﬁllﬁ cggg%a%m regions d12 ?nd 185}1% ggawPéegglve I = 24

ccordingly, a need exists to normatize the stress in devic
[0010¢0ompboenthigf] waryiexy] pamitatiomnodenbitg, tho stsets imdrovestbenperfemaote
) uniforrﬂ}lit . of gevices employing strained silifcon technology. SUMMARY

vary i PR S o BHRYG Y PEEIRang SRS hcs ftises
empldpilgdesipsa\dliogrstisitass having a first region including device

structures and a second region including device structures. The first region is
SUM%%?nsely populated with device structures than the second region.

I Il spacers are formed on the device structures in the first and second
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_dimension that is larger than the sidewall spaceérs in the first region. [0012] In
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first afifsecond neaions Where e i Spcei I second reeionave i Tl
dimensed@dethsrierpbodinneht; sidoetiddfarcialinahtify sasytanductor devices

onr2 S RRIGIG S bstale ok e el B et
devicér isistaesitdindesspenndinggienyithe populated by relatively high density device
structures and relatively low density device structures. A stain-inducing material is formed in
proximity to the device structures, where the stain-inducing material is in closer proximity to
the relatively high density device structures than the relatively low density device structures.
[0013] In yet another embodiment, a method for fabricating semiconductor devices
includes providing a substrate including N-type transistors and P-type transistors. A first
region of the substrate is more densely populated with transistors than a second region of the
substrate. Sidewall spacers are formed on gate electrodes of the transistors, where the
sidewall spacers in the second region have a lateral dimension that is larger than the sidewall
spacers in the first region. A stain-inducing material is formed in proximity to gate
electrodes of the transistors, where the stain-inducing material is spaced apart from the gate

electrodes by the sidewall spacers.



substrate. Sidewall spacers are formed on gate electrodes of the transistors,
where the sidewall spacers in the second region have a lateral dimension
that is larger than the sidewall spacers in the first region. A stain-inducing
material is formed in proximity to gate electrodes of the transistors, where

BRIEP S RAVEiSNTOterialis rasay areyt from the gate electrodes by the
sidewall spacers. 3 BRIEF DESCRIPTION OF THE DRAWING [0014] FIG.
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art; [0016] FIG. 2 illustrates, in cross-section, a device region having a low
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and 4, illustrate, in cross-section, process steps in accordance with one
transigigfls Gt AL BICthE HOB M BAJT00 BP RIS 0Y. of MR atanyistors fabricated in

accorGiASSREGTIgR, fmgggﬁs steps in accordance with another embodiment of the
invention. DETAILED DESCRIPTION [0019] In accordance with one aspect

[0017df thd Ihvrertivn thelhistraigiforaresiecaitan ppidspsaticpsdasaibediagovatisone
embo ﬁﬂéﬁ?ﬁ?%@yﬁbgnfﬁ‘gﬁmﬁ@n process illustrated in Figs. 3 and 4. FIG. 3

trates, In cross-section, two regions of a semiconductor substrate 30
[0018havind (aréadly Imsiergo ne Geyeifichiat g s s im accordamae wiith hether

b fPvent# ﬁ\ first retglon 32 includes MOS transistors 34 separated by a first
cmbo istARARY T3d second region 36 includes MOS transistors 38

separated by a second lateral distance D2. Second substrate region 36 is
DET AldcEDedSyCpipiiacaN with MOS transistors than is first substrate region
32. MOS transistors 34 and 38 are fabricated usmg conventional processing
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perfot RRIRIEQBLY R 835 HelS QUG dYET B the fabrication process illustrated in Figs. 3 and

4. FIG. 3 illustrates, in cross-section, two regions of a semiconductor substrate 30 having
already undergone several processing steps in accordance with the invention. A first region
32 includes MOS transistors 34 separated by a first lateral distance D;, and second region 36
includes MOS transistors 38 separated by a second lateral distance D,. Second substrate
region 36 is more densely populated with MOS transistors than is first substrate region 32.
MOS transistors 34 and 38 are fabricated using conventional processing steps to form gate
electrodes 40 overlying the substrate 30 and separated therefrom by a gate dielectric layer 42.
Gate electrodes 40 have an insulating liner 44 along the vertical sidewalls of the gate
electrode and a silicide contact region 46 formed at the upper surface of the gate electrodes.
Each of the gate electrodes also include sidewalls spacers formed on the sidewalls of gate
electrodes 40 and separated from the sidewalls by the liner 44.

[0020]  Asillustrated in FIG. 3, sidewall spacers 48 on the gate electrodes and first
substrate region 32 are larger than sidewall spacers 50 on the gate electrodes in second

substrate region 36. Accordingly, the lateral distance, or width, of sidewall spacers 48 along
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Gate electrodes 40 have an insulating liner 44 along the vertical sidewalls of
the gate electrode and a silicide contact region 46 formed at the upper
surface of the gate electrodes. Each of the gate electrodes also include
sidewalls spacers formed on the sidewalls of gate electrodes 40 and
the susRRABFHTQb AR SIHEVHS bysthg ditandd (iRQ2Q Aiiusicates! DS oBsidewall
sidewall spacers 48 on the gate electrodes and first substrate region 32 are
spaceysrfé Ao el swics piceeond BibsHalgargvR SPodes in second substrate
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8m horizontal surfaces, while leaving portions of the spacer material on
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not substantially reducing the size of the sidewall spacers in first substrate
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surfa

isolated area.

[0023]  Source and drain regions and extension regions are formed in substrate 30 using
conventional semiconductor fabrication methods.

[0024]  In accordance with another process embodiment, following the deposition of
spacer material, a single etching process is carried out to form sidewall spacers 48 and 50.
The etching process is configured to more rapidly etch the spacer material in second
substrate region 36, as compared to the etching rate of spacer material in first substrate
region 32. Those skilled in the art will appreciate that electrical contact enhancing structures,
such as silicide regions 46 and 52, are optional and can be formed at different stages of an
MOS device fabrication process. For example, silicide regions 52 can be formed before
forming the sidewall spacers.

[0025]  Following the formation of sidewall spacers, a strain-inducing layer 54 is

deposited to overlie substrate 30 including the gate structures residing in first substrate
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[0024] In accordance with another process embodiment, following the
deposition of spacer material, a single etching process is carried out to form
sidewall spacers 48 and 50. The etching process is configured to more
rapidly etch the spacer material in second substrate region 36, as compared

regiotBenAteRing d Al Gk Sieaceidn3E P #lliEsl p B AL e JEAIRN 13¢e T4PEE layer of

~ skilled in the art will appreciate that electrical contact enhancing structures,
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than {36mlBEARERRIgRAlBRNducing layer 54 is spaced apart from channel regions
58 in first substrate region 32 by relatively wider sidewall spacers 48. Since
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transiset)c()kr]ébétél _similar electrical performance to relatively low-density MOS

[0027] Another process embodiment of the invention is illustrated in FIGs. 5 and 6. In
this illustrative embodiment, strain is induced in the channel regions of MOS transistors by
the formation of embedded epitaxial regions in the substrate adjacent the channel regions of
the transistors.

[0028] Ilustrated in FIG. 5, in cross-section, is a semiconductor substrate 60 having
already undergone several processing steps in accordance with illustrative embodiment.

Gate electrodes 62 overlie a first substrate region 64 and a second substrate region 66. Gate
electrodes 62 overlie a channel region 68 in first substrate region 64 and channel region 70 in
second substrate region 66. The gate electrodes also include insulative lines and silicide caps
in similarity with the previous embodiment.

[0029]  Cavities 72 are formed adjacent channel region 68 in first substrate region 64 and

cavities 74 are formed adjacent channel region 70 in second substrate region 66. Cavities 72
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transistors 34. [0027] Another process embodiment of the invention is
illustrated in FIGs. 5 and 6. In this illustrative embodiment, strain is induced
in the channel regions of MOS transistors by the formation of embedded
epitaxial regions in the substrate adjacent the channel regions of the

extend BB FlOOZ3] HH6Y a8aH0MR A ruih RS SnS@AIQN ISR SeBRIRANGHCLOT

substrate 60 havmg already undergone several processm%steps in
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overlie a channel region 68 in first substrate region 64 and channel region 70
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82 are formed adjacent the gate electrodes in second substrate region 66. In
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according to the previous embodiment, in which a spacer mat
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layer,tte suldsiratewavidgna el plivaly Wighsebsapeidlt correspond to the localized
thickness of the silicon nitride layer.

[0032]  The silicon nitride deposition process is preferably carried out by plasma-
enhanced-chemical-vapor-deposition (PECVD) of silicon nitride. This type of deposition
process exhibits strong loading effects in which the deposited silicon nitride layer in the
dense regions is thinner than in the more isolated regions of the substrate. The greater layer
thickness results in a larger spacer. In addition to PECVD processes, other deposition
techniques can be used to deposit the silicon nitride layer. For example, low-pressure-CVD
(LPCVD) processes using bis(tert-butylamino)silane (BTBAS) or hexachlorodisilane (HCD)
as a silicon nitride source, and rapid-thermal-CVD (RTCVD) deposition methods can also be
carried out under loading effect conditions to deposit materials such as silicon nitride to a
varying thickness depending upon feature density.

[0033] Once sidewall spacers 80 and 82 are formed, a substrate etching process is carried

out to form cavities 72 and 74 using the sidewall spacers and isolation region 76 and 78 as
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density, and a relatively thinner portion of the silicon nitride layer in regions of
the substrate having a relatively low component density. Upon anisotropic
etching of the silicon nitride layer, the width of the sidewall spacers will
substantially correspond to the localized thickness of the silicon nitride layer.

etchil®A3AKE hersHicoBnmbsitiendRRBHEIRIL RIACEBSUBRIAtEHBRY KaKiStaW ®Yoped with a
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one embodiment, an angled ion implantation process is carried out to form
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form epitaxial regions 84 in cavity 72 and epitaxial regions 86 in cayities 74, .
whereg e s ot Bk e R g egarviae
(SiC) stieihd $i key dddigsshirid ohtniet pagiansrogiemdsAtaad 86result of a difference

[0035] e ThE S G aewall pacer B s than thewidiy Of sidewall spacers
82, epitaxial regions 86 reside in closer proximity to gate electrode 62 in second substrate
region 66 than do epitaxial regions 84 in first substrate region 64. Because of the proximity
differences, the degree of strain induced in channel region 70 differs from that induced in
channel region 68. Accordingly, the electrode performance of the transistors can be made
substantially uniform by spacing the epitaxial regions away from the channel regions of
transistors having a relatively low population density, while fabricating epitaxial regions in
closer proximity to the channel regions of transistors having a relatively high population
density.

[0036] The foregoing embodiments of the invention provide semiconductor devices, such
as MOS transistors, that have uniformly-enhanced, strain-induced electrical performance.

The various fabrication methods of the invention function to normalize the effects of

inducing strain in the channel regions of MOS transistors, such that the transistor
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substrate material. In one embodiment, gate electrodes 62 will serve as gate
electrodes for P- type transistors. Accordingly, strain is induced in channel
regions 68 and 70 by forming one or more of silicon-germanium (SiGe),
silicon-germanium-tin (SiGeSn), silicon-tin (SiSn), or
perfotiGRit-gefaapim-RABIAM LS QiR HKRRiEIiIARS dRdsHeIStr 8l Bhn device
Alternatively, where gate electrodes 62 function as gate electrodes for

perforpayise srhBestendizefien substanel s obhn daise icodepriies b 3B apegrated
circuiPtRaljeaiRs B4 m@&%ﬁ&%@émﬁéﬁ%ﬂ&i@g{ﬁw@ L SPACR ®HERIS

_ greater than the width of sidewall spacers 82, epitaxial regions 86 reside in
illustreleddn phexiotiy ab Ifsie bledtrbd s W ansebonddiisstiatdabeigismgalevage sin
itaxjal regions 84 in first rat ion. 64, .Because of the proximity
acCOr(Z%g%fe‘r%gés?ﬁg%%é?e%%ﬁ%%?ﬁ?ﬁ%ﬁuﬂ%% inc nz;[tlr(ljrl?él region 70 differs from
[0037that ihtdused i apparenetegiberé68af\beendinsgtyitibd slectrodperfeithahee of

. he transistors can be made substantially uniform b acing th itaxial
invenfon EHRM o P I R e B A P AL et b B the
advanp@islaiofo dansityevMirHabsic @t th epitaxinh ie Yens dosalivsdr idKintyaied in
the channel regions of transistars having a relatively high population d_ensit%/_. b
10n b€

referefgs ) SPRE! st LU HELYRISTRRIEMENS e e His MYVt sd ihnbihguesm

limited@¥ eRSsSHRR @ MR bRNHSIALS, ThakhaxauaifRimda_RPANERSenize that
strain-induced electrical performance. The various fabrication methods of the

variatiggs RiidrimQAETH IR h e/ BRiZBade wither BePRanGAEPEHIA TRIHEOE KA HEyention.
For eX8HPRS AlMPR IBRRISIONS. SUGthBat e IRasIglen S APHRIMARSS Rhography can

independent of transistor population density. Accordingly, uniform device
be usgsbiforahsisate denibesreedindini toubstamttallioall Hiuteetevdvewompienetitssiich as
int Circui nay,. I - c electri -
the re T e e R R R b
matersalbstadtiatyliledemebehys taboric asitiee deviees ien dwet oy declod ewitithihe thanovention all
h emb%)dimenés of (Ilhte intventionf 803.7ti|1.'l'hgs, it is app rent thatdthfr? has been
SUCH HESEHBES T SECordancE With' theinVention, THEtnodS TSP RoaliZING StFess
equivineatsehse@iductor device that fully provides the advantages set forth above.
Although the invention has been described and illustrated in



reference to specific illustrative embodiments thereof, it is not intended that

the invention be limited to those illustrative embodiments. Those skilled in

the art will recognize that variations and modifications can be made without

departing from the spirit of the invention. For example, numerous processing

techniques, such as deep-UV and X-ray lithography can be used to fabricate
CLADEces according to the invention. Further, various materials, such as the

refractory metals, refractory metals silicides, ceramic materials,

high-K-dreleethodfatésinitaging teenlikendaotbedesecksitimipasgfigre intended

.10 include within the invention all such variations and modificatipns as fall .
Pro“éérﬂ&iﬁ %HBS%%EWW bl s A g eR LR ARGA SPeqdhfrgion

includiné deeibosfgeabsicating semiconductor devices comprising: providing a
substrate having a first region including device structures and a second

region iNAIGERHY e VIEY it B R RS @aPEl s oH R daiecdwnisdyyes than
the sePORYRIED Vi flevice structures than the second region; and forming
sidewall spacers on the device structures in the first and second regions,

wherein fﬁ@@@ﬂdﬁ%ﬁé@éa@qmm@ %@c&d%gi@wmia thedliasoanrbsrsiond
re gioﬁg%ﬁeljaﬁ'%ﬁ{eﬂs?%m% %%%Vayﬁs' LsRRCSR MAANE r%l%?} FEQIOR 1 Zo %iﬁs{h%ﬂl?&%at is

claim 1, wherein formin wall spacers comprises depositing silicon
largentitddelenddemattsppicallyretbhingptiiegsdicon nitride. 3. The method of claim 1
further comprising forming epitaxial regions in the substrate, wherein the

epitaxial fRIIONEAP FRATEH AP e ﬁﬂ%ﬂ?%ﬂﬁ%&ycﬂ}ﬁgﬁk%wa”

spacers. 4. The method of claim 3 further coniprising forming implant regions
deposittitigesi Bpitaxidficegiodsarssathepmaliyoridbfieinihe Silwhemimiftrming epitaxial
regions comprises forming one of SiGe, SiGeSn, SiSn, SiGeC or SiC.

3. The method of claim 1 further comprising forming epitaxial regions in the
substrate, wherein the epitaxial regions are spaced apart from the device structures by the

sidewall spacers.

4. The method of claim 3 further comprising forming implant regions in the

epitaxial regions.

5. The method of claim 3, wherein forming epitaxial regions comprises forming

one of SiGe, SiGeSn, SiSn, SiGeC or SiC.

6. The method of claim 1 further comprising forming implant regions in the
substrate.
7. The method of claim 1, wherein forming sidewall spacers comprises

depositing a layer of spacer forming material over the device structures, and etching the

spacer forming material in the first region at a faster etch rate than in the second region.
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6. The method of claim 1 further comprising forming implant regions in the
substrate. 7. The method of claim 1, wherein forming sidewall spacers
comprises depositing a layer of spacer forming material over the device
structures, and etching the spacer forming material in the first region at a

fagter etqihgaiRdhan ip dhemecanehdiompHRife Thamathod.of Shime i duriher

comprising forming a stain-inducing layer overlying the substrate, wherein

overlyHig dhasuRskiingWAGE IS thp sbal-HpkIe el vse ldsvre ktRstresherievice

structﬁlgg‘ﬂ?'ﬂ%oﬁﬁ%Wal?sﬂ—él%@eth(’d of claim 1, wherein providing a substrate
having a first region "including device structures and a second region

including device structures comprises providing a substrate having transistor

gdte eledifsdasthpthelfisinn Bdwspin RIGHAEZ 8 SEhYEIfORRIEREarFHaliZRgEon
includiffE SR Gl SRR ArSe TEANILEIRS fé%ﬂﬁﬁiﬁeﬁl%f{eéedetf?&@&&aaﬁ&%ﬁ{ﬁ%gé

_providing a substrate populated by relatively high density device structures
proviging pesahivepiddw deasignsistoc g awedeareasdesia thentirsg andistacnd geghgns.
material in proximity to the device structures, wherein the stain-inducing

magerial 5 ReplRRefoP iR AR SN ESLAtIERYNION dRNSHY ARYITUISHWEBSrate,

than the relatively low density device structures. 11. The method of claim 10,
the mofhefegmNTiiga stain-inducing material comprises forming epitaxial

regionsoiﬁ%@?dﬂfgﬁtgﬁﬁfmja%e §€§g@%§%§; ?élﬁ%ﬁiﬁ}j@ﬂ%ﬁﬁ QfEing &ructures

stain-inducing material compri minhg a stairi-inducing layer overlying

and rafati gelyswatelenSitT devivethiodcpdrelaiand O further comprising forming sidewall
spacers on, e, device striches, wherpin the sidawal spasers on e e,
relatively(fow deds y device slfﬁf&ures HaVe & lateral dimension that is arger
than the sidewialtispsednsinduttieg ehatsely i3igh dengifyraeiite sirtetivedgividy high

. The method of claim 10, wherejn providing a.suhstrate populated by relativel
density c?evwe structures than the re at{velfyolow rc]gnsny ev1ace structures. y y

11.  The method of claim 10, wherein forming a stain-inducing material comprises

forming epitaxial regions in the substrate.

12.  The method of claim 10, wherein forming a stain-inducing material comprises

forming a stain-inducing layer overlying the substrate.

13.  The method of claim 10 further comprising forming sidewall spacers on the
device structures, wherein the sidewall spacers on the relatively low density device structures
have a lateral dimension that is larger than the sidewall spacers on the relatively high density

device structures.

14.  The method of claim 10, wherein providing a substrate populated by relatively
high density device structures and relatively low density device structures comprises

providing a substrate at least partially populated with P-type transistors.

15.  The method of claim 14, wherein current gain of the P-type transistors is

substantially the same.
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high density device structures and relatively low density device structures
comprises providing a substrate at least partially populated with P-type
transistors. 15. The method of claim 14, wherein current gain of the P-type
transistors is substantially the same. 11 16. A method for fabricating

sgiconAuGianee YisemsABARHS RSmMRONIHIBH ARNRSEALSHUAIBY N-type
transistors and P-type transistors, wherein a first region of the substrate is

more deRERYARHAIHBE B IR HRiR BEE Y FeiBrixr@nsistors,
substrate; {orming HIgGWaIb RRAGHES AN YalE %I%%Q%QIg?o%ﬁ%Q%h

‘wherein the sidewall spacers in the second region have alateral dimension
transighets thdargeeahadh e widefwhdl spzetenein the first region; and forming a

stain-inducing material in proximity to gate. electrodes,of the transistors,
wherein ?ﬂ%em;ﬁtl ngﬁ%ﬁ%flﬂs ?ﬁg{gr?gﬁ %?%p%%‘ée[éogggrﬁ?g%t¥ﬁesbszﬁ)égéIectrodes
by the swlewailh shasetswill.sphecmethibd s¢alaindbowheveia faerihdimension that

) stajn-inducing material comprises. forming an epitaxial material comprising

i argds A O S VA PR PE TSR Wibotrate in proximity 1 the
gate ele¢tienies af dagnArypeiiansiaes.id $rdtienioetoqthef dtaifodés of the
.wherein forming a stain-inducing material comprises f rmin&ectan epitaxial SiC

transigfors YReHeiRe R BRI B IHBPEIRHS S i SRfts ARHAIE Heusatapigreodes by

the Si@r@uﬂpg%%e;@. The method of claim 16, wherein forming sidewall spacers
comprises depositing silicon nitride and anisotropically etching the silicon

nitride. 20. The method of claim 16, wherein forming sidewall spacers, )
cjﬁnpns ed@s&lg?én%f alm%ﬁg}@g‘s&%PmWﬁ]a%warﬁvw%@@a?&al comprises
formiBiESH epREx ANEhateNNE tngpSRACE b BT VGBI IRTE i) $asnliist 2D B e
faster etch rate than in the second region. 12 ,
substrate in proximity to the gate electrodes of the P-type transistors.
18.  The method of claim 16, wherein forming a stain-inducing material comprises

forming an epitaxial SiC material in the substrate in proximity to the gate electrodes of the

N-type transistors.

19.  The method of claim 16, wherein forming sidewall spacers comprises

depositing silicon nitride and anisotropically etching the silicon nitride.

20.  The method of claim 16, wherein forming sidewall spacers comprises
depositing a layer of spacer forming material over the gate electrodes, and etching the spacer

forming material in the first region at a faster etch rate than in the second region.

12



