METHODS FOR NORMALI ZI NG STRAIN I N A SEM CONDUCTOR
DEVI CE TECHNI CAL HELD [ 0001] The present invention

rel ates, generally, to sem conductor device
fabrication and, nore specifically, to nethods for
fabricating devices in which the electrica
performance of sem conductor devices is enhanced by
inducing strain in the substrate. BACKGROUND [ 0002] As
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dev1ce&’h@ﬂilca$ibﬁp 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
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| ayer, on the gate electrode and the source and drain
regions of an M3S device. Materials such as strained
silicon nitride induce strain in the underlying
silicon regions due to the conpressive force of the
silicon nitride |ayer on the underlying silicon.
Highly strained silicon nitride |ayers have been used
as etch stop layers or sidewall spacers to introduce
strain in the channel regions of MOS transistors.
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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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el ectrical petformance of the transistors by inducing
strain in the channel regions of the transistors
underlying the gate el ectrodes. The plots shown in
FICs, 1(a) and 1(b) are representative of the

vari ance in transistor performance obtained by
thelVICS transistors shown in FIG 2. In FIGs. 1(a)
and 1(4 the plot identified as "Isol ated" corresponds
to transistors in first region 12 device, and the plot
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electrodes by the sidewall spacers.



BRI EF DESCRI PTI ON OF THE DRAW NG [0014]FIG 1(a) is a
pl ot of on-current versus threshold saturation voltage
for isolated verses densely popul ated transistors
fabricated in accordance with the prior art;
[0015]FIG | 03) is a plot of off-current versus
on-current for isolated versus densely popul ated
transi stors fabricated in accordance with the prior
art; [0016]FIG 2 illustrates, in cross-section, a
device region having a | ow density of MOS transistors
BRIEAOESCRIPTEON ©F THHBPRAWIN@ense popul ation of MOS
transi stors fabricated in accordance with the
[0014kr t FIGOU@Yisk et ofomptrant qusp%@g¢sap]él sajygation voltage ?or isolated

versescleBolY RERTLGR ERUSIOR BRTF ST in s SRR Bty A7
[0015] | | US&E! Ab§is d PloEbPSE-cofeht WhisusRhASAt Bl éofatédversus densely
accordance with anot her

populated transistors fabricated in accordance with the prior art;

[0016]  FIG. 2 illustrates, in cross-section, a device region having a low density of MOS
transistors and a device region having a dense population of MOS transistors fabricated in
accordance with the prior art;

[0017]  FIGs. 3 and 4, illustrate, in cross-section, process steps in accordance with one
embodiment of the invention; and

[0018]  FIGs. 5-6, illustrate, in cross-section, process steps in accordance with another

embodiment of the invention.

DETAILED DESCRIPTION

[0019]  In accordance with one aspect of the invention, the non-uniform electrical
performance described above is addressed by 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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enbodi nent of the invention. 'DETAI LED DESCRI PTI ON
[0019] I n accordance with one aspect of the invention,
the non-uniformel ectrical performance descri bed above
is addressed by the fabrication process illustrated in
Figs, 3 and 4. FIG 3 illustrates, in cross-section
two regions of a sem conductor substrate 30 having
al ready undergone several processin.g steps in
accordance with the invention. A first region 32
Lncl udes transi stors 34 se ated by a first. X
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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 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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portions of substrate 30 internediate to the gate

el ectrodes, a second etching process is carried out to

sel ectively reduce the size of the sidewall spacers in

second substrate region 36, while not substantially

reduci ng the size of the sidewall spacers in first

substrate region 32. In one aspect, the second etching

process is carried out such that the etch rate is
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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

6



MOS transistors in different regions of a. substrate,

t he enhanced el ectrical performance of the transistors
caused by inducing strain in the substrate, can be
made unifoiiii across the substrate. The transistor
performance uniformty is achi eved despite the
difference in popul ation density of device structures
in different regions of the substrate. Accordingly, in
t he context of the exenplary enbodi ment descri bed
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density gansiva wtadivelyotitinsiga pergion rod theonliddh vitrideslayatih oegioeyifths substrate
nd substrate region 66.and other ities 74
%Tlpg] 0

having Ui RE 6P DO CHERS! [RGB HopbUB Pl the sicon nitride
layer, @Q@@fdﬂ@ﬂﬁ&e‘&idebva‘ll%a%r?%‘ﬂEu&@@ﬁll%eﬁe cp%r oa(gﬂ% ébcahzed

spacers 80 are formed adjacent gate ele
thicknepy efithe sibisor attade byeon 64 and skit: wal | spacers 82 are

acent. the gate el ectrod n secon
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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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[00311lIn an alternative process enbodi nent, sidewal

spacers 80 and 82 are !butted by depositing a | ayer of

silicon, nitride on the surface of substrate 60 and

overlying gate el ectrodes 62. The deposition process

results the formation of a relatively thicker portion

of the silicon nitride layer in regions of the

substrate having a. relatively high conponent density,

and a relatively thinner portion of the silicon

nitride layer in. regions of the substrate having a )
etching ﬁiaﬁkd. VIﬁ|o]¥1e Ieﬁihodmqumnha reg_imsgoaﬂsylrstxamﬂ @Lhesféfheé;ﬁf% doped with a

etching of the silicon :nitride er,. the t
condugthaty S YTETINE dSpRRIGFni§ P SHRy Fahing Hogtod ouflor doped

. _the | ' f iohicefmldtiohrof tiee dagite formation

reglongﬁb%eﬂeéﬁﬁiég?#aW?? ﬁgg f_%tté%gisliﬁit.oi onﬁigr ocess i S * od
procespr &f efic@dhyodiakeni, ed angitd byn ipidantation process 1s carried out to form dop

oS P SR P LS e e
regionsotfrﬂ%ﬁgmh%@%ﬂ?lgsuﬁgthﬁg}e}iéﬂ5‘4 Wiy 6& the deposited silicon
nitrl n the dense

e layer | regions is thinner_ than i

! n .
[0034] he Afer forinfing asvdtes Eharahtt, afid peroriing eryeptionthion 1mplantation
greater |ayer, thickness results.in aJdarge § A
procesieid BB CoPita%2] SEPRAIOh BRSeSdE SargPf gpt i éJB%%u Pitaidl 36fibns 84n
ity 7BGIA M i JiReIPROSY Fortdiey Epitaxtd Regibrisrin dee
cavity B0 FYESLRBAE 055 oliBeImR03) Trkher St
substrite @dpseesheigitagldeiredest strdin buingrodwasd inpichare! fe3TERS8 apd 70asa

rosult 4 AHABFRF LR B aice COT RO BT A0BE Btcon

substr¥e$9at08a1C 3 bh€ mBHIintEAd §atd Qadtiodds 61 (it bervoaslpite elestrodes for P-
eposit materitals such as silicon nitride to a vary nggone

type tiahbislone sacabedieplyi, stopin poimdhesstinchanehesgiaps PBaodIDAY

si dewal | spacers d.82 are for Fal e, (i
or mogR EX OB ERES CoICR) A AR O] K SISS T ey B (§ise. o
silicox?—%gﬂ%ﬁ'&nwﬁ%o%i (@R0Et), or BRAKRIA réichsi i QLBEIa060. efltamafély,

a as

et ching masks. In one enbodi nent, the_. ”
wherd £0¢ elostrafes $Qfsnotmnes @atet dedirodes tndURETASBOFS; filican-garbide

conductiyity-determni ng. dopant. pri,or carrying out
(SiC)4 Q‘Téh%fl{f?r%ﬁ ﬂzﬂﬂsﬁﬁi?gonﬁfgftﬁ’él , reélé’g‘% gg 7 Ié% ?g'n S i % c % annel
[00351 Zg | QR BB e INGth T st D eph&ireegisugenecthap et width of siddveall spacers

vit ycf ormation process. In one enbodinent, an an I@)d
82, epifarial nqpliarst &t ieside pr doeg proxemitarie igalg edfistrode 6? R mcag%é strate
. regions, such. as hal ,r.egigns - i i .
ol BLHI SHE TP F AR e a RS 0 B Ororimit
differBtls SIBE QBEkes WP St 4if b8 uc88 irPehabfelaBgion 0 dlES4tbAf that induced in
ormng cavities 72 and 74, and perforning an) d
chanrebtéghorab8.i Ancdrdipighn thet ¢lesirqse peeferpance Qh tltextﬁqqs}émrapan be made
deposition process i,s carri tﬁﬁ'ﬂq ' ' . £
Su‘b“?%@&éfﬁ@fgﬂni ¥ SEASHE )t}’e?efl gﬁl&ﬁge&lﬂilﬁtgf ral eglhgﬁigtag%él ?é}glons. © .
transigﬁ%é hd\asSe 4 felatBely béhl@Rint dorkiay, Wikl fabiscadting tepitaxial regions in
su

strate adjacent the gate Qlectrodes,vggraighjg lati
closet ptoximify exthiechannsh segiesis af nsintoTHiE ViR 1Riatagzhigh pgpylation
of adifference in the |attice constant between the
densifpi t axi al regi ons and die silicon. substrate material.

[0034]" Offe %?@é&fé@'@ﬂbodiﬁﬁhfs & tBe invetiten Hrdvidelsems@ndectasdevices, such
date el ecttodes f

or P-type transistors. or di ngl
as M@Srtmmistoss,itkmm@wunirﬁomﬂmmhanqeégﬁt@ﬁglnsls@ﬁ e%c?ga’e}/f"man"e-
for m one or re Sili - [ ' f
e T B
indu@he Strdih G0 HedBh AR b TSRS DS tFirsRErs, sach thaethei tkasistor
re%ions in substrate 60. Alternatively, where gate
el ectrodes 62 function as gaige el ectrodes fbr N-type
transi stors, silicon-carbide (SiC), or the like, is
deposited to font epitaxial regions 84 and 86.
100351Si nce the width of sidewall spacers 80 is
greater than the width of sidevvall spacers




82, epitaxial regions 86 reside in closer proximty to

gate electrode 62 in second substrate region 66 than

do epilaxial regions 84 in first substrate regi on 64.

Because of the proximty differences, the degree of

strain induced in channel region 70 differs fromthat

i nduced in. channel region 68. Accordingly, the

el ectrode perfornmance of the transistors can be made

substantially unifoi 131 by spacing the epitaxia

j Qns. fr.0 . nnel..regi f_transist :

perfol RSt U et s BB T8 ey ol device
perfoir@dick cad bogaBiRéd Axdudbtafil@glyaSofl tAe Gb@SE EoRp&Xdntd ihYintiMegrated
. the channel regions of transistors having a relatively
circuify ganssaptiat thenayan sepspdengogeiatiacal peegeiterg, such as those
. ' he | ' ovi de m.conductar ..
illustr g@ﬁg Eﬂgﬂ’ié% (ﬂ%ngé‘r ﬁ[%ﬂ;ﬁr%g{ﬁgslﬁs}%tféilg,reé{hcae? %Hafgyﬁe)rj?ca!t}iﬁg 8CVICCS n
accorddtick a¥itt the @BHaNCa&AhoEnkats B tducadioal ect ri cal

erfotmance. The various fabrication nmethods of the
[0037] nv eFftus ot i ammetanb hat theraeasrhgien desoried dnfageqrdanske with the

. I ' S L0 in.th nnel_.regions of . :

invenl LB At Pl e R Y Pk RUERE Bl fiipmoyides the

advarnitdpde pefegnbb&fec. t ARG ghttRE indeRtidihdsHret @88drib¥d and illustrated in
Accordi ngly, uniform device performance can be

referepgg a speeilic allasissiya smbaflimenty thespt tihis ngéiitensded dirh dreinvention be
o] n. Lategrated gik.cuif. ns ent | t he..l ayout
imic o Mgk 1B Y € gifitals: (IPATERHFLIA ool Vit bl
variatidnls 468 btfdefication$ bsh B Sla8e Fithbht@ephrtingaforAhe spirit of the invention.
substantially reduced by fabricating devices in _
For expoei e.qameeow RTRcessmgieetingliss.ciiblo @6 feqr§ Voand Reay lithography can
' Lon. 11 71Th it, 1S arent -that there ha
be uss QR 436 BocHlue b B, hrateP NpohtF e, suct as

the refrettopOSefally; reéTRickorY inZdtilg sBicldRS Scekdinia Ba6H £10/ Kl ¥ Kodielectric
device that fully provides the advantages set forth

matergppad the likeoraghetused.i HuetherdereHatsnpedty elside wdin dadnvention all
[ t L refere t.o.specific ihlustrative.

such Ve B ol Pich B4R ST MRS PR oA ot e HRRfAb) fims and

equivhlenlidrest. be limted to those illustrative
enbodi nents. Those skilled in the art will recognize
that variations and nodifications can be nade w t hout
departing fromthe split of the invention. For
exanpl e, numerous processing techni ques, such as
dcep-TIV and X-ray |ithography can be used to
fabricate devices according to the invention. Further,
various materials, such as the refractory netal s,
refractory netals suicides, ceramic materials,
hi gh-K-di el ectric materials, and the |ike can he used.
It is therefore intended to include within the
invention all such variations and nodifications as
fall within the scope of the appended cl ai ns and
equi val ents thereof. Cains



1, A method for fabricating strained-channel
sem conduct or devi ces having a varying transistor
popul ati on density, the nethod conprising:
providing a substrate having a first region including
transi stors and a second region including transistors,
wherein the first region is nore densely popul at ed
~ with transistors than the second region:

Claimsf orming a stress-inducing region in proxinmity to a
channel region of the transistors; and
jor m/ﬁ%&li\&@%'féb (§sfraffedldHanhEPShitbRdSctéPdevices having a
Sel ectively space the“stress I nducing regions in the

varyingftrarssistampbsdatmmcddensiiyt thateethedicompriaingy from t he

channel reqions, of .the transi A ' :

si d evﬁPY'd e 3‘!’%“87%3 P'ﬁg'ng eacfirﬁglle%o;q 'gﬁmﬁg@etpaa&ﬁl&g?res e 2
secondd*e@ﬁ‘frh_ﬁhémdm afrahsistosd, ger than a | ateral dinension of

the sidewal| spacers in the first re

. S I Lon, . ,
such Wherein the fisstregion; 'ﬁam!?rﬁ’&nﬁ%lgiP&Hg'|ag%W§B|“@6‘P'iS¥PéF)t)“a" the
secondSi [b%d away fromthe channel regions of the
transistors so as to adjust a drive current of the
t r ansfosingsa stresesindudieg segipn popiaximidnta @ ghamrel regige of the
. Substantially the sane as a drive current of the
tranS'S'tsolr%r?é\%stors in | ess densely popul ated regions of the

subst foahig Sddbgll spidepsiontthetransistbrs whesledtivefymspacadhe stress-

_ _sidewal | spacers conprise epositing siljcon nitrid
inducingrfggigRp ddtedystand §%f@rﬁtﬁ?§grﬁf?efe§fq'1$c%’ﬁaﬁr?mﬂa%.Cha““eq
regions's B‘Iethgif%egtd}&, Whé&'eiR theig8RaINs pRIerd Mtha second region have a
stress-inducing regions conprises formng epitaxial
lateral disggnsion ihat isHargsnzan ataserahdisnension akthesidayygllgpacers in the
r.egi ons ar spaced apart fromthe transistor by the
first re@?'g’evval | spacers. 4. The method of claim3
f ur t helichethapthiesstreg sfindudimg régiprisaare sebgitively spacetiaway from the
epi t axi al regions. X . . .
channel regions of the transistors so as to adjust a drive current of the transistors in
more densely populated regions to be substantially the same as a drive current of the

transistors in less densely populated regions of the substrate.

2. The method of claim 1, wherein forming sidewall spacers comprises

depositing silicon nitride and anisotropically etching the silicon nitride.

3. The method of claim 1, wherein forming a stress-inducing regions
comprises forming epitaxial regions in the substrate, wherein the epitaxial regions are

spaced apart from the transistor 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 1 of SiGe, SiGeSn, SiSn, SiGeC or SiC.
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5. The method of claim3, wherein form ng epitaxia
regions conpr formng 1 of SiGe, SiGeSn, SiSn, SiGC
or SiC 6. The method of claim1 further
conprising formng inplant regions in the substrate.
7. The nmethod of claim1l, wherein form ng sidewal
spacers conprises depositing a | ayer of spacer formng
mat eri al over the transistors, and etching the spacer
®.0r mi Tige mettead afl claim 1 figrttiarcompristigdarningdmpiast eegiensn the
bst rate than in the second region. 8. The net hod
substral¢. ¢) ajm 7 further comprising forming a

strain-inducing | ayer overlying the substrate, wherein

The STHi@hf@itLdtﬁ@ﬁ:&laim il ayBereirsfospagesidapall spdaeosicomerises

transistor t he sidewal |l spacers. . 9. The
deposiffis ARy e6! EPIa TR HEPTE SR EL A JRpsistaant siding the
spacer'?&’{ﬁiﬂg nfatEfifiSh R BisP Fedidle husl Faidert tam Fdts te4rS inthe sacond region.

second region including transistors conprises

groviding a substrate having NCS_transistorr%ate )

| ect ThriBwthod ehelaim ¢ JurthaiFostreising foegingra strain-inducipg layer

: Bl zi JekiS! i
overtfy % AR, PRATPLLE IR AR/ St Spbdfar rom e
transis&ir bgitne didelhalisphcénsansi st ors, the nethod conpri si ng:

provi di ng a substrate popul ated by relatively high

9? et ﬂsf? h{e@ﬁé&aﬁj&%\ﬁn ﬁf‘%h&%ir%.iofwgdgﬁr@ %%ngﬁé‘t%i HaXing a first region

ansi
includiig trahsisiorsiaad ageaahe regibn intiudiey sabsistosd eomprigasoprioniding a
to the Chﬁ nel r_egi on of the trapsi

ot b MR il e b SPRLFP A secnggpions

proximty to the channel regions in the relatively

hDgh AeRsinbY fér TR BizPgSsticigRifedtstine gephisdndetor device
denS|tE/ttranS|stors, such that a drive
a

substratamoghtatest with strainestghpang! traraistatsn §ia PeriocheqreaRisydi s
LSt Bk s S SO R B S o Mansistors an

relatively low density transistors; and

forming a strain-inducing material in the substrate in proximity to the
channel region of the transistors,

wherein the strain-inducing material is in closer proximity to the channel
regions in the relatively high density transistors than in the relatively low density
transistors,

such that a drive current of the relatively high density transistors is

substantially the same as a drive current of the relatively low density transistors.

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

comprises forming epitaxial regions in the substrate.

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

on the relatively high density transistors.

11



11. The nmethod of claim 10, wherein formng a
strain-inducing material conprises form ng epitaxial
regions in the substrate. 12. The met hod of
claim10 further conprising brining sidewall spacers
on the transistors, wherein the sidewall spacers on
the relatively |low density transistors have a | ateral
di mension that is larger than a | ateral dinension of
tiBe sTHewsdthod phdains 10nwhérein pioaidingapuhsigdtedonsiated by

relativeli; BieE] JeTRitR vearisles 200 e 1T T ABREh At B hwrises
providiiy @subefratd at bagBirsdlgsopanded altatR-ukytrdrevstolensi ty

transi stors conprises providing a substrate at | east

B ' rhbe ndiReRioB Sl dorivnereid REpiEAl SR 1 P-typs fagpstors s

substahh&llﬁhb%@%et ransistors is substantially the samne.
. "A nmethod for fabricating stral ned- channel

sem conduct or. devi ces conprisin provi di n% a
da@bst Adnethpd derifabrigatiea §1Eﬁé”€@q’ﬁ*h%m§| éﬁ@l%@'um(?ﬁw es

com IS[ nsistors, wherein a first region of the substrate
pri
nor e densely popul ated with transistors than a _
secondrcwuigmg)a sobstrate iscibging ai-typef toansisigrssanteMadype transistors,
spacer te el ectrodes of the tran r ’
wher el efeﬂ'é V%ﬁgpn cggg%gygst[eﬁeﬁg\og%%ﬁ%e% §8Plgﬁtelgav\\’/'éh
transistors AT alseforiERgjicot thatsubstrater ger than a lateral
di mensi on of the sidewall spacers in the first region;

and forming SIdewa"ﬁea?ﬁrﬁgmag%@ elaciiof g ot thegr#RetEPisal i n
the sypstdiatts s5ileRbREhTESY it hLdrRBIregBaIHRIE aQEtéréle

transi stors, erelnPﬁ%éstraln Inducihg material 1s
dimensnpactlam nsikmger thaom | atesalctimensibn oé icosidewgll spacess imihe firat

he,substrate equivalent to a |lateral distance of the
reglons?'&%wall spacers on a surface of the substrate,

such fdratindia dstralg-isdUdireNinatdrial rethersaustrateon proximithéo channel
first region of the substrate is substantiall

regions gfthetsansisdprisy WhelRIP & sYRIniEueingesteralis Spﬁg%%apaﬂ from the
chann8&e8RMs By @Btahte M thesstitsslratd Bquivalent to a lateral distance of the

sidewall spacers on a surface of the substrate,
such that a drive current of the transistors in the first region of the
substrate is substantially the same as a drive current of the transistors in the second

region of the substrate.

16.  The method of claim 15, wherein forming a strain-inducing material
comprises forming an epitaxial material comprising one of SiGe, SiGeSn, SiSn, or

SiGeC in the substrate in proximity to the gate electrodes of the P-type transistors.

17.  The method of claim 15, wherein forming a strain-inducing material
comprises forming an epitaxial SiC material in the substrate in proximity to the gate

electrodes of the N-type transistors.
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16. The nmethod of claim 15, wherein formng a
strain-inducing material conprises form ng an
epi taxial material conprising one of SiCGe, SiGeSn,
SiSn, or SiGeC in the substrate in proximty to the
gate el ectrodes of the P-type transistors. 17.
The nmethod of claim 15, wherein formng a
strain-inducing material conprises form ng an )
i t aiieaetBiod afedadmi 3, whereindosuibg tsidemalli spagesxgamprises
Lo the gate el ectrodes.of the. N e.transi stors.
depositg S TR Ard AT SRl GG Iy IR oo
spacers conprises depositing siiicon nitride and
i sotheopietrad of otdiah fgviidreingoiriog sidevalli spacers comprises

depositilsia Enr PLHAGS NG B ETA GVar hasite BIetkPdeg &1 tRig the
spacer ﬁﬁfhﬁﬁé atéNER in tHRSr9RieRicH &C4 R 68 Sictie BiainnBe tB&ond region.

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