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A METHOD FOR | MPROVED FABRI CATI ON OF A SEM CONDUCTOR
USI NG A STRESS PROXIM TY TECHNI QUE PROCESS FI ELD OF
THE I NVENTION [01] This invention generally relates to
formati on of MOSFET devices in integrated circuit
manuf acturi ng processes and nore particularly to
i nproved techniques for enploying a stress proximty
t echni que. BACKGROUND I&OZ%TAS t he denmands of

A VECRGE? 5% IMIGHP YED it H e\ TARY oSGl NRIUCTOR USING A
electroni ¢ SHEEPROXINEIE TECINIORAMPROLESS
sem conductors wth i ncreased performance. Since it
has becone increasingly difficult to inprove MOSFETs

Eﬁﬁﬁy | ementary nmetal oxide sem conductor
FIE @%Eﬁﬁﬁée gﬁﬁﬁ@%@ t hrough conti nued scaling, new
netTidmvémion gel@iloyicRgespe [raen@neaVOsE D Wevis&ah imggrated

. have becone critically inportant. [03] One approac
Cirepy mMAnHISFBGNA §rosENFCOHARRTE B UpERTbionREY of dechpidpsidPase

mmﬁg%ﬁéggumég#ﬁﬁﬁﬁygmﬁﬁ HOr hole) nobilities. Increased

carrier no ity can be obtained, for exanple, by
i ntroduci ng an appropriate strain into the Si lattice

BA?%I?Q@gﬁg'iCO” (Si)- containing substrate that is used

ate the sem conductor device into the
f i N sthedempidediethaflo@neinicegiadtetdhdre Bowerill Qddtrdiie
appl i cation %f stress al ong, t he channel changes the
deviegptiERiSdi e & AR Icardyctnes Wih fnegsgied psriprgiear ieng has
becgﬂﬂp slcratigelydichs _td‘i%ﬁ)%\ﬁe%bgpﬂ“&ﬁ{de{hér@%}'@&Jﬂ;ﬁ&ﬂgﬂgbrg ‘ri]lrgetal

device. By  changing the lattice dinensions, the
oxidg semaeondectarn @ Mfpb) porfoymatee fheughmostinued sealing, wivamgdddsaior
owell T tr. re. induced usi a stress film
et R REER Pl PR B AR sLch s
Si . sub. 3N. sub. 4. These stress filnms are known in the
sem conductof i.ndustry. For exanple, U. S published,
pat' @Mt APRBBEFT g MBI VingSDsS s D8 e B esBRdaRiET

(cleStrbLARAH DI fodBitks. NRE R adel caltMIRoBEHS QRS Rined, for
Inﬁéovenenth" which is incorporated’in its entirety

exappieebningpdpet giresppropridicstiiodate thauBiHatéice of the silicon (Si)-

containing substrate that is used to fabricate the semiconductor device into the finished

product of an integrated circuit.

The application of stress along the channel changes the lattice dimensions of the
silicon {Si)-containing substrate that is used to fabricate the semiconductor device. By
changing the lattice dimensions, the band structure and mobility of the material are
changed as well. These stresses are induced using a stress film. The stress film is
typically a nitride liner, such as Si.sub.3N.sub.4. These stress films are known in the
semiconductor industry. For example, U.S. published patent application
US20050258515 entitled “Embedded Stressed Nitride Liners for CMOS Performance
Improvement,” which is incorporated in its entirety herein by reference, discloses such a

stress film. The stress in applied to a channel can be increased when the stress nitride is
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stress film The stress in applied to a channel can be
i ncreased when the stress nitride is 1 noved close to
the channel. This technique is generally known in the
industry as a "Stress Proximty Techni que" (SPT).

[ 05] Conpressive longitudinal stress along the channe
of a field effect transistor (FET) increases drive
current in p- e field effect transistors (PFET) and
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spacers, and are thereby degraded. [07] Another neth
drivesugrgntriePikTe.he stress filmonly on the non- targeted

devi ces. However, this requires an additiona

l'i thography I evel and inplant process. Furthernore,

it Ose clethbd oldxecdtimgehnBP Bieblves htXinghpacty wasulditgihe gate

: due to th f f th
ottt FELE PReip e P oS LM P PP PR B FIbing

exidtRglii@s dh E}%Qfe{u@@ stﬁfcturg epme #defé‘ih whRhid Hlbl@lg@ Is tR4 devices that
surfaces perpendicular to the direction of

are ghetiargeter don)SP T ke lopasthaix sprgers pdiaesthershy degsidey.
penetrate the filmwhere protection is nost needed,
thereby degradi ng the sem conductor device. [08]
Th eAﬁftE&‘renetMa't to 1slan eledertsd Slnaonly op teved-tngetbd devias,

efficj exec tln rocess, W thout addin
oy it RS K B i by BV SSURRY PRsp B herfore,
it id VEMELON Qe 6100 tHeQtb RETIRT §98RAErmloRY 80¢ {0Re nd 8L S
di scl osed an integrated circuit
nature of the stress filim (where it is thinner on surfaces parallel to the direction of
deposition, and thicker on surfaces perpendicular to the direction of deposition), the
relaxing species can easily penetrate the film where protection is most needed, thereby

degrading the semiconductor device.

Therefore, what is needed is an improved method for efficiently executing an SPT

process, without adding undue manufacturing complexity.




conprising a plurality of n-type
field-effect-transistor (NFET) and p-type
field-effect- transistor (PFET) devices disposed upon
a sem conductor substrate. One or nore of the PFET
devi ces have a first set of sidewall spacers on either
side of a first gate electrode. One or nore of the
' i first set of sidewall spacers on
SU&ﬁﬁggggékggﬁ%ﬁﬁzéﬁg nd gate el ectrode and a second
set of sidewall spacers disposed against the first set
of sidewall spacers on an opposite side away fromthe
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Vi ces ,are | ant.e mﬁ arela n e
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the one or nore PFET devices are substantially free
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Xeno nium accor ing“to t present
congmessiiteisorss layemeehoused of apistigd Img:r eowstsr@s Sr prooxofithe plurality

ni ,OCess .conpri ses A
of Iﬁ@ﬁf glaﬂgﬁ%f 8?‘”‘&%\)"{'18&6 Sth? 891ﬂgr&ssweosﬁ:8§svf"§){eg 8\!65%&0 one or more
NFEENiccioaoite il agebaith atr€ahidivh Bekcis Bbrutlakink Ye@bniN¥rdadivabebss
PEET devi ces_ _di sposed thereon. At |east one of the

overHEeTong oy imoss NERE dsYWSe%ithe ReMpES el psiyed aysrdbgone or
mowfﬂgdaqéeg Ei%tsuﬁﬁ&nti‘afly skdgr@b 'reiéqqa&ﬁ};%m@p drige égmm
| ner

set of sid spacers, respective oXi

spepiss i ssk@g@édocmhﬁ gtohip ohmategiaktongisiggoffl Mehen ME Ferdemivoes
and the at | east one of the PFET devices. A tensile
stress layer is deposited over the at | east one of the

NFEAIsodeebdRs tard pirtﬁsentahvdnaaﬁ ta AR DIF abPiSidgFEstress proximity
devi ces. At | east portlon of the tensile_ stress
techigle PrPCess BATRRFSES @9&9 PRE HEPY dngsmigiduger daviseprformed

&P st fd 5N R FEETCRR
COngkgr\iélier |§m§%mg§?§&g'§ rengegﬁg%S%pg?ﬁe at +§ast one o
dlSpCh;ed NREPndé¥icegne of the MNRE cﬂecyrqqs oyl @ lqaktuqnd oéétc RFFET devices
hav} e de? %N(a éet %? d \aéazicon tlshf? daat sfecon % q{%idcwalé gpearcers 1e%pect1vely

An s)eide eftneme ldispstiovedhd zliteea‘sf ofa dffie: IFET easdes @ﬁl@th@fat Iebﬁ one
of&%ET devi.ces and }he third set of sidewall

BRET deviggs. Aelsasilesiessdaye gleppited over the at leas one of the NFET

devices and the at least one of the PFET devices. At least a portion of the tensile stress
layer is removed over the at least one of the PFET devices. At least a portion of the
tensile stress layer is selectively removed over the at least one of the NFET devices,
thereby forming a third set of sidewall spacers on the at least one of the NFET devices.
The second set of sidewall spacers are selectively removed the from the at least one of the
PFET devices and the third set of sidewall spacers from the at least one of the NFET
devices with the second set of sidewall spacers of the at least one of the NFET devices

remaining substantially intact.




devices with the second set of sidewall spacers of the
at | east one of the NFET devices renaining
substantially intact. 3 Further according to the
present invention, a conpressive stress |ayer is
deposited over the at |east one of the NFET devices
and the at | east one of the PFET devices after
selgctively .ennviq% t he. second set of.siqemgll.. ,
s palc BHET ASCBFAREA i PTEeSInVEHIONGF CqrpRIcSivE flres] eyet <leneed
over R dt dakichne OF tiRINISI Tt@Waleh aSPME 8f Radi bREDANEPRET UBASL: after
one of the NFET devices. Then the conEreSS|ve stress
selgcglydy removieg tr sepond eqt of pidewiall spaaws fromehodt leaspongriE the PFET
[ > X v, r -
o e g P SR R B R o 0 I By
Thémtht benpessertressivents relaxecowen theuanichgrone nf the NFE Tl deyers to
is  applied.over the sem conductor ice after the
rediSra e BRmRER Pt G e Abbrng ast REACEETSS ¢+ on of
the tensile stress layer fromthe at | east one of the
NFET devi ces, whereby the non-uniformnitride |ayer
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ni t.r.i de .l r conprises.a pon-uni.formnifride
notitpaicr 3t Py S PRl it SR Cict P! B thesOnd et s
sid@,@aﬂps"p@édﬂg frb@ tﬁdﬁﬁ_l&@ﬁﬁ@w tﬂemm d@es EliEtha Rld s@_ﬁ@ﬂ sarwafl
a ngn-uniform nitride material creates a profile

spaggie frem the atlpast prfeofiieg BFF hideyiges; Hihe per-vpidortatrigs paser
i . D i ' . f th
corfsht SR At BP0 S i Bt FE S BR® Vi cos
and thicker along the bottom portions of the profile
bet he at .| f the NFET deyi d tf
ar ¥ adurd g ing fhepi Byt HrapRARERTs fewulsh
nitiided@AteriQlrdalte a Praaflé WBerathicat el nidd@i=$ isdBRdrlon RIS dgpens

of the at | east one of the NFET _devices and the at
portigasset thrsoBie actnes rpticat ope elsthe IEE TrHisHICEmnddhhitApast prgel
thePREGT dePloc AR Rick Bl iR Bdidh R ol e HOAS BehRBIIRYL 1
C??En1§bgat SO%CAHSSt?OHB to gg%ﬁ? fggkiﬁggtﬁgns. {AhlsoeaSt
oncaddlor NFRE degctshiad irees enst dnawEHRITGRET deheeron-thinhéron the
mic{HIet: of tgg prlo?iYeeardj azlcgntrtﬁens%{e%ll portions of the at least one of the NFET
devices and the at least one of the PFET devices. The non-uniform nitride material has a

profile that has a thickness ranging from about 500 Angstroms to about 750 Angstroms.

Also according to the present invention, the non-uniform nitride layer is removed

with an isotropic etch process.

Still further according to the present invention, the step of relaxing the
compressive stress comprises implanting the compressive stress layer with a relaxation

species. The relaxation species is a material comprised of Xenon or Germanium.




with an isotropic etch process. Still further
according to the present invention, the step of
rel axing the conpressive stress conprises inplanting
the conpressive stress layer with a rel axation
species. The rel axation species is a materi al
conpri sed of Xenon or Gernanium 4 Also according to
the resent invention, depositing a conpressive stress
y@@o AEOHPg todhe a@&s% IVERiPIadFOBHing 8 compressivperress layer
co \ébsn& 3518 é‘? Bﬁﬁ&% Yifer H&‘ée@iﬁﬂﬁ}w@t ‘?@ El@& ﬁl’(eméll_ ts&ess state.
eposi ion o e conpressive stres ayer 1Is
Thqa@pm)nwe@f thy cphaissray eestrassrigyed is hfereky pMagporenhanced
h %g . ae Sﬁé% further according to the present
chey Hﬂ’& PPHE deposition of a tensile stress |ayer
conprises depositing a nitride liner material having a
tensile |nternal stress state. The epOS|t|on of the

t enSstiferther perosding fndhe peesent ipveRtinng thsyleptsiiomer 8 fgnsie eeess
lay&‘Q%giEﬁ?és dey@s@cg{g adtﬂf?%'lﬁlbxoiﬁatem%gﬁqgQgen's@e Mb?na@ LESE Qtta‘g:

I nvention, the sem conductor devicé is thermal cycle
Theddpesitiorenithe regsidet sticesalgyeras proforinechbyplasmeeenhemsi |0hemlcal
va 1deessilayer over the at |east one of the PFET devices

PPLIRET 0%t e the tensile stress | ayer over the at | east

one of the NFET devices { and induce a stress within

the at ] east one of the NFET devices. The thernmal
cyc’r\wajl%w;ih? BISEEnh HVERAR ﬁ@ S%enw%@&&r dedespigfitermal cycled

afta"i‘?&ﬁd%foegneﬁpﬂ"ﬁ(ﬁjho%f e ?Enh?é@r%ﬁ@l%&bﬁ St hENGERBorRof the
about degrees Centigrade. Aliso according to the

PFIBY devidaes t¢ aieateitamtensale shiedsdayer opir éheras daastiope of tin Nattdhddveces
f r Vi.n on_of e

snd {8 8 Pl L WoSh Rl sTEBLUE MR Rt il Sl

contfeistCstorhingRl s dBE SR BLENtCI afide DRAWCNGS:a[08]n Heess of

st ture, eratjon, and advantages of the present
sboph ERerBRews P o

Also according to the present invention, an anisotropic reactive ton etch is used
for removing at least a portion of the tensile stress layer from the at least one of the NFET

devices.
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further apparent upon consideration of the follow ng
description taken in conjunction wth the
acconpanying figures (FIGS.). The figures are intended

to be illustrative, not Ilimting. [010] Certain
el enents in sone of the figures may be omtted, or
illustrated not-to-scale, for illustrative clarity.

- j ' be in the form of

BRﬁgfpgggﬁfF@fﬁ}hggghaékgﬁ?@gﬁycross sectional views,

oM 1Hd MGcel, bﬁérﬂr&ﬁﬁl&ﬂi@%ﬂg{%&s e pARERNnWRUbE will become

otherwise be visible in a "true" cross-sectiona
furiipieappagenl upop [corsidesgtiope! giedp] iwng Heseaiptigmtakdrein ¢ privindiigs

. N¢ t
w1tﬁl er e@dnyﬁéﬁ glglgfr‘]sc] Itﬂelg gﬁ% %re ug[gx{m%m? b® {ll'ilgtpatlplg r[g)t
mndegcrlptlons) may be used to identify elenents. If

| egends are provided, they are intended nerely as an

aid to the reader, and should not in any way be

i Nt @Eietiedes i doficldfag: fiduekZhayWel Phitted ol Bfrat8d SRDSale,
may be referred to by simlar nunbers in various

forflpgggt@@ cla(qty @é‘f cg},ss—@&ﬁélomi eV gnay by ipfhicclire gbslices”, or "near-
i
sigh4F kR Vg ol L A0l LRl Bl Rl i
be tikibledn avirney cmsguecelo(lﬂh@w, f@ﬂﬂiﬁitnaﬁi«&lﬁ&tyl shows a cross
sectional view of an exenplary prior art circuit on
whi ch the nmethod of the present invention can be
appini tefdratvihl4 hedohdpbl¥ie: the deskBpSHPWBOALRS DIEL Bbth 0&Blence

view of an exenplary integrated circuit during the

nuwalﬁ éﬂf&iegwiééfabffis,tt% dﬁ%‘fiﬂwsbmaff heussdde &@ﬂtlﬁym@mnr% Af
leg %ﬁlr&ﬁ&d)ﬁég% oh -ar MR ﬁ T ngh? ol m/e ng-_P AL ABMF Rt in

venti én escri e I'nterest o
anxﬂﬁﬁbﬂqum@tda1Mnﬁmgtures of an actual i mpl emrent ati on
are described in this specification. It wll of
course be appreciated that while the methods discl osed

h e r @ftén, Bingiat el*éﬁieﬁt@ ﬂﬁlbfcﬂ)@ r&fekredCi@ 9l s@il@Mdmbers in various figures
me- consum ng are able to be understood by

(Fig}ﬁ)dg dhegfraping Waytychsq@isq: fypically thg dashpyyo significant digits may be the

same, the most significant digit being the number of the drawing figure (FIG).

FIGURE 1 shows a cross sectional view of an exemplary prior art circuit on

which the method of the present invention can be applied.

FIGURES 2 — 10 show a cross sectional view of an exemplary integrated circuit

during the various steps of the method of the present invention.
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[016] The words and phrases used herein shoul d be
understood and interpreted to have a neaning

consi stent with the understanding of those words and
phrases by those skilled in the relevant art. No
special definition of a termor phrase, i.e., a
definition that is different fromthe ordinary and

cu ry. meani ng as understood by those skilled in
DE@ﬁ@EEﬁ&p&KﬁgPIHQ nded to be inplied by consistent

usage of the termor phrase herein. To the extent

that a termor phrase is intended to have a speci al

meabtangplary cabodimens i ilvgnombien aretdasenibeditlown deths inserdst of

t il rtisans.; such a special definifion w.ll. be
clagl B ER O FPTR PR SRR sl i getitaioR

willlef donist be agdredimedeiat &hidd thd infegt@ldb MisabskdRRUMKOE BE Edhsidered
provi des the special definition for the term or o
coyplPad! tn{im@ffmﬁfr@ﬁey Hegiig b5 pisSetRap S PR in
the@pprior art integrated circuit 100, prior to
performng the steps of the present invention. For
illustrative purposes, two types of field effect

trapsi hown:, of . n-t :

i1 o i Srreafl FrdniGp Pl gpignigogondlgroreted to have
mednied chneifferct it hansdatendifPoER)sebAds didrphugBoiit thbdeakilled in

description of.the present invention one NFET and
thepREnLEt o e AGubee Hdemy P F¥asGricferdstedBtion Mishésver |
diffeRat frORGhOSdMRyRnd RlistBRAGH, HEKIngSs SRR PEPHERSRMlcd in the

according to the present "i nvention. The | ntegrated

art.d$ ingiled 06 ingliebnpransisnosagaaishe g onpigasedisiath Taihe
extét? Ql{a‘t%? ‘?éHn o"flggra@epﬁ riﬁgxﬁdeattg hé?\flébdss (racellgllqn a];n%r it.eh,e 1}:1 oarngmtoltho*erl1

or I ntegrat Circurts, such as a siitcon substidtee, 4
thas tHat eelRescovdibyskilllad artisafsS€lch aspdsdl dafisitionyil & d@ressly set

em.conductar substrate or insul ating supstrate having

forfih HEaPect Frh B B BPANEREIST JCeurr Hisauocally provides
the S5 L QORHIGSPlor HRY 8 dQfask018] As shown in Figure 1,

one or nore NFETs 102 and PFETs 104 can be separated

by a shallow trench isolation (STI) structure 110,

o1 0 85 LR Do F 0 i
to petenting te sk of e pasednabove Fdrlidusaetiteqnnshsed oro yayest
I ate el ect 20 is . for

retir Pason s R b SRS HO S4B dO T UL prigpe
fiell RFEQLIIMASIK oS PAEWR 1 4. SP@eeERuf the U8Aripéh of the present invention
one NFET and PFET devices are described. It is understood, however, that one or more
of each device can be processed according to the present invention. The integrated
circuit 100 is comprised of substrate 106, which may represent any appropriate substrate
for the formation of integrated circuits, such as a silicon substrate, a silicon-on-insulator

(SOI) substrate, any other semiconductor substrate or insulating substrate having formed

thereon a substantially crystalline semiconductor layer 108.

As shown in Figure I, one or more NFETs 102 and PFETs 104 can be separated

by a shallow trench isolation (STI) structure 110, which defines a transistor active region
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114B) fornmed from an oxide liner, and by sidewal
spacers 116A and 116B. Sidewall spacers |I 16A and
116B are referred to as "spacer-2" spacers. Wthin
PFET 104, the gate electrode 120 is in between
sidewal | spacers (115A and 115B) that are formed from
an oxide liner, and sidemall spacers 122A and 122B.
Gat e el ectrodes silicide region 1

in they gempicondygtor ger lrlﬁ’ér f i §.F|ET clloaaﬁt gabpelprogle (&P 1S TRrsrbove
the REBEBSAuctR 11RE 108 mmmﬁg&& @%etkd?i@%@) {svforﬁézﬁwﬁﬁlﬁq%% 104.

conpri ses depositin , and performng thernal
WidyeNFHG 183, th%eatﬁ@lﬁ@ttodpéé% tSsm\hﬁtw@em fidevsdl] specars (HAA ané

| 145@ £§ rpetdaf? m an E)x;dé Png d%ﬁ/ ewa a%%(rgﬂ?%%an(gﬁ&&?n% w1

s are co
spatd:mgStife Bnd THes ars rdfercedde as ewpue@ x’@pace@r GVighih IPEET 104, the gate

B RV L T (G I R
oxili® Iu?é}r fod%%e%'aﬂ §}SHcErs JIQ@A a[l@ 191 | Ga® QQUtlr(Qieg hearldy j@@lave

under st ood t hat | lustrates but an extrenely
siligigardgion( lrh’?@rd@ﬁ?@é(pﬂ @):repﬁ rﬁ’elli@ﬁatwﬁl iam wpih{kegwapmessl in thei t

seirgléo(r?dugtgwnﬁgstryj F"‘Ithe glfo% £ grn%{egésc B(()js"'{ﬁg a O%%tl C%%J pfi.gg)rnmng

theﬁmﬁmfpctimg smﬁnl&t metsi 1sahma/\mtlﬁr&§e sﬂh:am{ ehadiswh clittacd fvithinhy mataf. ew

m cron uct or waf er havi ng
Sord g BEomE0B BT PHGIRLS CRPLGRCheh Hngi anf fanesion. The

silidibé Eleﬁ}*ﬁes% @mﬁl’@@e $© pBe&inaARdo G 8AMboniRSd el REANR s%&flild oxide
uni formas shown. However, for one of ordinary skill

lingrr) 1§ pevesy at least MR hOZ ansl RIfe Hi4 afintegraisd ciet 16p.
pertains, this and other figures presented in this
patent application wll be very useful, when taken in
conlt eixduldfledrheheamdasioat echt HES drillptiates binextextrb@ely small

nders andln the inventio [020] .Th sen1cond ctor
RSP Bt ity T Qs 14 OB e fosR AR e

wafler £38prishe 4 [aA2 plialith @f QlchYevibesd Wor Sanlpte, Qﬁﬁﬁirs%hé)\yn may
fabricated utilizing conventional processing steps

haviga|Yidiarrdwnlteofewpisons kim @ sericonduckar wafgberipg afdmatdre!
serrraPﬁlgﬁé' 95> E e’?ec'al ‘ﬂ%c”ttpﬁgﬁ&gﬁgpsto ne?trlelg @felag,%ctﬁfﬁ%ﬂ 8d ar e

essing s ues own an
unlfwﬂn as Khdwic aHIO\f/fmer fomnaeros baimﬁ!rj’l gkilt hﬁth@ e sewhich niveintdndion
i scussi on .of these wel| kno

Therefore. a detailed
moittngffiy PSaH tﬂ&i A ﬁﬁ‘ﬁbg%‘fr S PPenifd | thiepaln apRitcgie v
very aEdf@Uah&d @RS iaRentERtFkiAlsSochRRIRERRAve text, for understanding

the invention.

The semiconductor device or integrated circuit device 100 shown in FIG. 1 (as
well as in the other Figures) is generally fabricated utilizing conventional processing
steps well known to those skilled in the art. Except for the processing steps of the present
mvention, such processing steps and techniques are well known and are not critical for
understanding the present invention. Therefore a detailed discussion of these well known

steps is not given herein. It will be understood that various steps and materials have been




[021]

[022]

[023]

[024]

8 omtted, for illustrative clarity, such as seed
| ayers, adhesion |layers, cleaning steps and the |iKke.
[021] FIGURE 2 shows a cross-sectional view of an
integrated circuit 200 (incorporating the integrated
circuit 100 in Figure 1), after performng the first
step of the present invention. In this step, a
tensile stress |layer 226 (also referred to as a
omitedly fogdlusirytive claritss serdse seeddaysn apession\pEs, dggningsieps and
theMEET 204. Throughout the specification, it is
understood that there are a plurality of NFET and PFET
devi ces di sposed on the seniconductor substrate of

d t . Ea t
PG RS RS LT g AT St —
(inch@direes: Be tht@pfated citc@AID0 ANEgOfe NEtePhlorfle thesrst FiBSof the

tensile stress |layer 226 is ap I|e or the benefit of

prepgnEtnvoRon. i Ehig Sé% BTERS Presy 15*&@11 376 (alpoyelgppeg-to spanitode s

I Cr f t:
ingi s SEAHER P OTRNET209, St (3T A0 MRS the BRHERRR i i
undst&(ccrceiatbzéﬁhmw prg@ phuralitg of NFETr&ntiy’;EEdeleemds chipfoe@t on the

S|stor T eases, dri .
sent @RS Pt o e R0 Wi R B SRR eftitot nerein
occifskohsat Ichhamehome NRETeddveRs hﬂlcﬁoﬁétﬂ%ﬁodea)&'ﬁfe H2§ devides.behe

renmoved from PFET 204, as be illustrated in

tengjlsGRTSHAY S £4p s appligsdpr thstbéﬂﬁtf'ﬁ af NiRT @gendliigpuaterproductive

for Wfi@@%@c?hi@ lﬂﬁ%ﬁ&se %&%F;%@vé(@r‘és@%@regs%ﬁ 8{@ du¥refit il @pe field
h the possible addition of renoval of sone

effmmtrsnsmrs (HB¥T) excdpt @SGSNFETE cdeviteen2aR fiebt efFéchUREisz)ri: S

(NI&?@ iaas ltelsF GSS 11%creaﬁ%stl\cq:1rvle é)fll‘rerﬁﬁ é‘ﬁ@ %%s fzré%gecreéisegtd} %fg gurrcnt in

PFEBYy eThé2ore, [H23si 1 EbfddRRySr I0amsst ae EhRS8d SERLRIRITaR04Y AWl
?f anggptegrated circuit 300 (incorporating the

be {INterhin dECUNIPE §EPS- 200 in Figure 2), after perforning
a subsequent step of the present invention. In this
step, a photoresist 330 is applied over top of NFET
302Notg it PRETh §guregklerance graberd X067 awlid BOgnefall 4imilar,

w1tﬂ Gcf)%%i %@(91 ¥ 8 (Eh35H oPESAL ARk oWe;?efmp 0! NE AL 8,
of FIGURE 2 is the same device as NFET device 102 of FIGURE I, with the addition of

material, namely, tensile stress layer 226.

FIGURE 3 shows a cross-sectional view of an integrated circuit 300
(incorporating the integrated circuit 200 in Figure 2), after performing a subsequent step
of the present invention. In this step, a photoresist 330 is applied over top of NFET 302
and PFET 304 of integrated circuit 300.

FIGURE 4 shows a cross-sectional view of an integrated circuit 400
(incorporating the integrated circuit 300 in Figure 3), after performing a subsequent step
of the present invention. In this step, the photoresist 330 and tensile stress layer 226 are

removed from PFET 404 and partly above shallow trench isolation (STI) structure 110




[025]

[026]

(027}

(incorporating the integrated circuit 300 in Figure
3), after perform ng a subsequent step of the present
invention. In this step, the photoresist 330 and
tensile stress |ayer 226 are renpoved from PFET 404
and partly above shallow trench isolation (STI)
structure 110 9 using standard nethods known in the

|ndust2{ For exanple, the photoresist 330 is
usigpg Fandard pethadidinen s thegndard By emplsole apripiesingtindels

onIE S LR e R SR

beaﬁmwhbwaknmwﬂb@wﬁﬁhmqmﬁs subject to thermal cycling

e EOrHGEr e L Y0088 oy R I Pk BRigp ghermal cvling

to a@aw isRatsdnstsaodanditde prREmachinadri Qhe BRARAICycIMt h a
nperature in excess of 1,070 degrees Centi grade

preﬁqﬁabéy SR 1SEF & Sandier dRsnerc YRS SR T IF NERPeIaBIRe imRptgess of
1,0 es C%Fltl%Ja ESHiy &5;#]8% fepend fsﬂgsb %tlﬁrglgla BPRHI. Cgﬁé Mount

ut 1s typi 'y in the range o
of szles}soerlésxﬁ@)andlm en themeplticatism,ltmt sttyme;&lylnamerra@a 6f alsout 500 to

abop P4 50 ATER P e SPRFERS o 2 e Brbrse e i o
her6in&&s,- tﬁ@@ttds@H&hddéb&Wn@fnsalmMFﬂti“e@Qat ed circuit 500

(incorporating the integrated circuit 400 in Figure
4), after performng a subsequent step of the present

| NVRILRANS sidyd Aﬂé@ss%&;bnaf N&w BP?:? R (&3 cirdQ sbE
renmoved from N usi ng we own net hods, such
(incasposttangdhe mttdgrathbfgrcaﬁ HDe nn%gm@d%, attﬁeomforrﬁlr@daﬁb@q\umt step

t.1 gnal i nt egrat.ed |
of EO8 ST ERES: 8 i MR aipRiy 3 B S, Sk TSl
usitfg @Il enown methb @y, s@ﬁraﬁ eafdanglidograplseaieantis.step  of the

pr esent i nvention. In this step, with oxide liner 118
covering and protecting PFET device 504, a portion of

thesbengt 6& sm@asaoésasxé@ﬁor.%?@emfa&t REHUELif BTRV ed
from NFET 602, for exanple ani sgtropi ¢ etching.

(mqorpopaimgﬁhqﬂn%ratqdmrcpé A89 freki 1g1@ne ég,giftlexawbnﬁm@ aisgbsequent step
SUur.l ace

I o)

or hEFRSEFuMRAEr dEut EReS i aR Rt S s o Piferine ageT
devipersoiapaefiort @ﬁ’tﬁd': leﬁsi&tskt€$3a)|reay% is32Bcth@tynemacd frd@MNHET

%demall gpac
602, for example, by amsotroplc etching. In particular, the tensile stress layer 226 is
removed from the top surface of NFET device 602 (compare NFET device 502 of Figure
5). The remaining portion of tensile stress layer 226 forms additional sidewall spacers
226A and 226B. Note that the spacers 226A and 226B are thinner near the upper surface
of NFET 602 because they are subject to an anisotropic etch. Spacers 226A and 226B
are referred to as “spacer-3” spacers. This step is in marked comparison to the technique
of the prior art, in which the tensile stress layer 226 would be completely removed. The
technique used to remove tensile stress fayer 226 is preferably an anisotropic reactive ion

ctch (RIE) because RIE achieves anisotropic profiles, and enables fast etch rates.

10




[028]

[029]

[030]

226A and 226B. Note that the spacers 226A and 226B are
thi nner near the upper surface of NFET 602 because
they are subject to an anisotropic etch. Spacers 226A
and 226B are referred to as "spacer-3" spacers. This
step is in marked conparison to the technique of the
prior art, in which the tensile stress |ayer 226 woul d

ved. The technlque used to remove
t enéﬁ[ﬁ{é%gég% 89USS FTICEsSHlect P BTG A cadriesrieg sirpuit

600. SAEE X RICTABr 118§ Perd FL&NoREAAY §Ieth8|nﬁeg?§t@ﬂ Y&t 600. The oxide
anlsotroplc profiles, and enables fa etch rates. 10

lingrg 28])s irpicUEesBYehrwartf bgt@q@édlplemim@qeﬁsgthstﬂ@p@s prior to
s111P 13 E%’oﬁg Oguﬂsgcah%g{ tt? 18 'c{e%ﬁ' rt‘oc]@s%o%ne 0x1dte ﬂler lq)é &emams

egrate
betwkencypaterd ObA drfdel 1681 ghel SphdeFBSZIQGl’slﬁldl zszéBymdccak/d:ry ghte ARVEeste

art .o | ean ce t hat _occu
11555 Sing® PGy RES N BuRideural oDERchTB il 7276 Totmed on
NFRT €02 heafliAue&ess) 1 7ohe 1 BXhfe | 1 1MRE rhdBd bEPREDS04. The
bet ween spacers 116A and 116B, and spacers 226A and

siligide@easaiel lmpe v symtlerddepasttiosdrethads2hat aze weHbmevinrin the art.

NOE': {2RRi8 R Ihﬁé;aﬁgsg%glgg%g&o@(fﬁ%del & Slti%l%l' ggft’f? dsp%l%e?fg

are forne and suici de areas
renael, It 1s7possible th penfiarch iici®RFEepofidn affdrapacst kinovalewah@as
ar e for d via standard .depqgsition nmethods that are
depgiing fpy seqpeof dhedyrgsent ‘RH?‘BO'% hat while the
|Ilustrated exanpl es show silicide deposition before
the spacer renoval, it is possible to perform

si | FTGURE delsosi a srovn-sagticanl \gm@éﬁn méagpared cirowit7A®ut
(m%gpgog tH#Q%jH%ggltécﬂol\;\:éﬁ g@@ }ngfl; ﬁ[ftgﬁgefﬁo\iﬁlne ea'%%xb&a uent step
of the pregmatrednt@in: s ftart A0 the dvemﬁeelpmbadiucng prdvesdin, edy adcedary
cuit 600 in fter erforn1n a )
o Gl SBibntve B T Oy BesRoRET oS Ree pgeficirto
the PRBTQ¢ Gt @bédr i Bh&OAAGhRersPINoALHI i 1NIB afetleﬂnﬁvéaielﬁ%‘é gArYy
to apply conpressive stress to PFET 704

appdifght easpgsestesdiling Hasresctp ameving the sna@ewtl%ﬂn PRET22B via
f 22 n r

an Q8¥ n%%@e Qgﬁrﬂ: cg):lﬁlgt?%ﬁge Wﬁl‘é‘l e T agéz?‘r‘% Fe@é”?v z’o ﬁ%%%e%d?xt onal

protdotmvbr slhméﬂmgung 11 M —sip aE,@rrmnalﬁﬂtAnamm ﬂe?ﬁﬁewma is aﬁposned

ontit\g-%Tp{Pg $ Egﬁ'gg@é ag{)nie%gﬁe}lecu%{njt |786 d'?he na%rg g? the non ﬁ\mform
nitride material is that it has a profile which is thick on the upper portions 740U and the
bottom portions 740B, but thinner on the sidewall portions 740S. The thick bottom
portions 740B of the non-uniform nitride layer 740 protects the silicide regions [17A —
117C of NFET 702 and 117D — 1 17F of PFET 704 during an upcoming etch cycle.

During that etch cycle, the thinner sidewall portions 7408, being thinner, are
etched away first, followed by the spacers (226A, 226B, and 122A, 1228). The thicker
portions (740U and 740B) require more time to etch away, thereby providing additional
protection to silicide regions |17A — 117F. The non-uniform nitride layer 740 typically
has a thickness ranging from about 500 Angstroms to about 750 Angstroms. Note that a

11




[031]

[032]

protection for silicide regions 117A - 117F, a
non-uniformnitride |layer 740 is deposited onto NFET
702 and PFET 704 of integrated circuit 700. The nature
of the non-uniform nitride material is that it has a
profile which is thick on the upper portions 740U and
the bottom portions 740B, but thinner on the sidewall
portions 740S. The thick bottom portions, 740B of the

Prim@y-TFROPDP TR Y fog nitEje ysald O gt breeled stlisiledpgipns ddA -

117 %%ell é? é_as notdd lgreg’lfouw Eelerd %&Mm}% R whélrg- i th@gequence
PFET 704 during an upconing etch cyc Duri ng

of prhextssing sthpsaihatiths sititide tagionndit 74 +déWakie appfnetdt dﬁ@eﬁd@@pphed

aftfgglé lrntgbsl(dn %rﬁc rﬁéZ@A (%é?(ﬂ?? 21%@%&%15(%? ltjmﬁoh ntuHWe Elner)(voulﬂf not
proRRietnin@A Selfel# kid e stéd 0R)1d beskipied, Whkidut et dgofr@h @ scope of

away, .t hereby providing additional protection to
ﬁw§WﬁF@ﬁH€“F@blons 117A - 117F. The non-uniformnitride

| ayer 740 typically has a thickness ranging from

about 500 Angstrons to about 750 Angstrons. Note that

a IiIﬁLﬁRE &ahqwqcmrp@s@cmnahdﬂwwﬁ pf ontepraipd ¢iirqﬂ17et 808yer 740

(nogfpry Bttt EiterPid LD TPREDE Do bty (ARG e
of v l@fe@eﬂé mhviefgons 4 tignsep, oh-vpifoae Smdazga)‘a‘dr aps lst[iﬂﬁ’ﬁrabﬂ?e

Si ICJ e gians 117A - 117F are a they are
remgysfl vidd Se%ftﬂ"érls‘ttf?é?lfreéﬂb%?e%f Seite g?‘é‘k F*‘_’t‘%%ég?rﬂe 788,

sel¢diRBly Q8o Rt DNERT ROP dh ik il cidhEFroMRY Wﬁe B9kcersREOX 'aﬁ’d':‘
much”benefit, and this step coul d be skipped, w thout

22 geparidedly fhemss‘:mieng@@p@ aggf ‘sacrifieiarspaent thitrpoRiato petect

spal[cg ?él@f I(I%J B%Bsdér%m@xagr %s%?n s?eg)Cth? Q:% 11\6 e}%iquﬁ are,

rat'ed’ circul i ng t e I ntegrated
be@ﬁb@hﬂotha?@ﬁi plfitelﬁlugug epchmingproedssipg stpy. mksnagroault of the present
nventi o) In t

gt e A0 Bk e el SRy me b e s et o

degs Ms@%déb%he? vl gl%técte@ blysmat ARt GRcRE 98BS dnd 226B. The
pacers 226A and 226B arée al so selectively renoved

oxifle GnerNEETerg0m idiplicagvemyisETe8h apd sees gs ampieh sippéeprgtect
G331 80t £105 BEBYLAG Rind D RIAS B Ferk QXA 4 RMNOBEE:
protdGilpang, ailslﬁﬂueltm;rtem@ danhipsompingdess:i ﬁga&mkﬂzfﬁpﬁde@ﬁ are
renil'o]\'fgé fr%gldthél' il’l@l:BF %64? during this etch process as well. This is important for the

compressive stress to have increased benefit for PFET 804.

FIGURE 9 shows a cross-sectional view of an integrated circuit 900
{incorporating the integrated circuit 800 in Figure 8), after performing a subsequent step
of the present invention. In this step, oxide liner 118 is removed from PFET 902 via an
etch process. Next, a compressive stress layer 950 is deposited onto NFET 902 and
PFET 904 of integrated circuit 900. The compressive stress layer 950 is typically
comprised of a nitride liner material similar to that used in the tensile stress layer 226.
Modifying the process conditions of the nitride liner forming method can control whether

the state of stress is tensile or compressive. Plasma enhanced chemical vapor deposition

12




[033]

[034]

[035]

beneficial to have in place during upcom ng processing
steps. As a result of the present invention, spacers
116A and 116B remai n substantially intact, with no
significant degradation, since they were protected by
the "sacrificial" spacers 226A and 226B. The oxide
[iner 118 remains in place over NFET 802, and serves
n etch tect spacers 116A and 1%
(PE&Y Qbcam g eﬂlg 4%3396@ VBRACPYPISEYeehdpsdle fjergal stress. The

strdsOLhRWIF DG it SRS eP&itsh ﬁg PEEYT c%n'ble |cH§t§JI@H%SJ chihgly the
upcom ng figure. Spacers 122A and 2B are renove

depfosidion chrd ifRFETO F04 thbuecaatign rdie yitétndhe ﬁdﬂp@@l@gls chamhge| More

[ I h
oo s Tt RS RT br e et BRTRBSSMY e REM TS
depokioins coelitioranadh asi il oib.448.sun2/Eigreat Bolw cate,quresswi@ORF power,
incorporating the integrated circuit 800 in Figure

anéﬁmdﬁﬁ?éﬂ’perforn1ng a subsequent step of the present

invention. In this step, oxide liner 118 is renoved

from PFET 902 via an etch process. Next, a

c onPHESRE V8 shiysesasossapgetionabiey of deivtsratesteivnitd OMEET

(ino (?-é‘prgﬂg%thg FI’EET rz%)(f" CIPC]TLIltI J9ob %g E%hz%d)){:z{f{e? géi?‘cir%%)%a éﬁ%@eqélerat step

ive ress
of thk pﬁasmttlmued&od iInetis s’mp e;mr@kessvmtleas Iay@- %bast reltﬁenﬂoVem NFET

tensile stress |aye di f the. r s
L0 GHEE SRS A e DY PRGOS 060, o
rel £@AN6K YPeclth ALk fantcH he Bt 08 sikk CERPrebsivd KRS ik efable for a

conpr essi ve. Pl asna enhanced chem cal vapor deposition

PFED devrpev)is ganispyobeldellnindidate vid alaras avawi sgvaNFET 1002.
]
TG e T ot ot h AR AR B Ren bR GThLRSR,
Spxert 6l aad 1b§B ohERBT NQ02 heve bdepasictiednhioogidiut tlrermseﬂwni of
alter the reaction ra n, the de osi tion chanper.
theppsent iagrane ip ppreerngriet g e B s Ra e aon
spRick nb6le THiINRIaxABA H6h 1§ BbccRarERARGETI ob ﬁecaﬁmﬁrés@ﬂe
condi ti ons such as: SiH sub.4/N sub.2/He gas fl

strqsa@@setbbbég@mr@sswmstr%\mm 95Qignld ﬂ%ﬁ@dzfefogaym[owﬁﬁ”f‘ 1002

dnﬁ&%y %lehoms a cross-sectional view of an
I ntegrate d circuit 1000 (incorporating the integrated

circuit 900 in Figure 9), after performng a
S Ubls) geut% step OF IQelaxmg compressive stress layer 950 is complete, standard
P
semiconductor fabrication techniques known in the art can be used to complete the

manufacture of integrated circuit 1060.

As can be seen from the preceding description, the present invention provides
improved techniques for employing a stress proximity technique. It will be understood
that the present invention may have various other embodiments. Furthermore, while the
form of the invention herein shown and described constitutes a preferred embodiment of
the invention, it is not intended to illustrate all possible forms thereof. It will also be
understood that the words used are words of description rather than limitation, and that

various changes may be made without departing from the spirit and scope of the
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of the present invention. In this step, conpressive
stress layer 950 is relaxed over NFET 1002 by
i mpl anting conpressive stress layer 950 with a
rel axati on species 1060. No relaxation species is
i mpl anted on PFET 1004, since conpressive stress is
desirable for a PFET device. This step is
. synbolically indicated via a | arge arrow above NFET
invargign dischpped. rdug,hg scope el inventigsdonld bgdeteaniagd Yy e
I SMCMe ' -and
P e B D Rl Rt i PR R 20
net hod of the present invention. This protects NFET
1002 during the step of inplanting relaxation species
1060. This relaxation step is necessary for NFET 1002
because conpressive stress caused by conpressive
stress |l ayer 950 woul d degrade performance of NFET
1002 if it were not done. [034] Once the step of
rel axi ng conpressive stress |ayer 950 is conplete,
standard sem conductor fabrication techniques known
in the art can be used to conplete the nmanufacture of
integrated circuit 1000. [035] As can be seen fromthe
precedi ng description, the present invention provides
i nproved techniques for enploying a stress proximty
technique. It will be understood that the present
i nvention may have various other enbodi nents.
Furthernore, while the formof the invention herein
shown and descri bed constitutes a preferred enbodi nent
of the invention, it is not intended to illustrate
all possible fornms thereof. It will also be
under stood that the words used are words of
description rather than Iimtation, and that various
changes may be made w thout departing fromthe spirit
and scope of the 13 I invention disclosed. Thus, the
scope of the invention should be determ ned by the
appended clains and their |egal equival ents, rather
than solely by the exanples given. 14
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What is claimed is: 1. An integrated circuit
conprising: a plurality of n-type
field-effect-transistor (NFET) and p-type
field-effect- transistor (PFET) devices disposed upon
a sem conductor substrate; one or nore of the PFET
devices having a first set of sidewall spacers on
either side of a first gate electrode; one or nore of
Whahis clog E¢iﬁévices having a first set of sidewal
spacers on either side of a second gate el ectrode and
a second set of sidewall spacers disposed agai nst the
fi r 5t A éttegrfited sireléigahiprisivpacer s on an opposite si de
away fr d { Sive
St %glura]% a\g/(gth n—%\%g ?81‘& et%@t tsan% s?o(%gl(@%@ zfn% rli)et C%@g%&%g one
tzanva\;;]stdeEE”D}fdetvhes de;bds;Ecahpdnya sa:fmd‘dEEﬁcht@mib&ﬁEToﬁkﬁw 068 ,of the
rein_ saij onpr Slve tress | ayer ove e one
PF%ﬁ%‘”W@?‘”&E\%ﬁéﬁée Walfﬁaﬂcgrﬁ%& g eI & # B8 gaie Rlsftrode;

onSReLdr€ 8 franN el @é@id&g hNPS‘g &ﬂﬁ%&%ﬁél&&wﬁﬁs&as‘&% QV&thet H8e of a
one or nore NFET devices; and said conpressive stress

secpiag)gate elperodeand o preond sqrof @d@ffﬁh’spa@res/d@mect@angt the first set of
mdewe?lss&%%iré %Jx %:Ily ?;%)ogl?e é cﬁ%gdﬁ cgni h%wgéong %at%%ﬁe odg agd The

’axation
spect@spresiveatrestiggtr cdmminet béa gitiodepimet covatieg o@d or more of the

consi ' 0 n.and Germanium 3. A nethod of
Pmﬁ% Vﬁﬁggg %4?€E£8%?%§ﬂnity t echni que process, the

et PRGecinGRRRLEPERLVE fRsS1a@Rovef the bRE H RGN FET devices being

sem conduct or devi ce, said sem conductor device

imrd@m@ﬁ i agelaxatise apcssa dudelaring tissopatesivasiiesyoer the one or

moPe @Jr'd%&{ce%f Aﬂfsﬁﬁhc%ﬂﬁéﬁér s{HGY 1 SISoxgl it eas%x&%rlﬁ:%pp

eas one” deV|ce one of
dmﬁhﬁbBEgIdﬁemna@ﬁﬂhaﬁéagrdaiﬁkmspsmﬁ.of si dewal |
spacers and a second set of sidewall spacers,
respectively, and an oxide liner disposed over the at

| east TRNBt@fatdd @B cld@Y | GRtfer@R theQ¥BRatloR 8pRtesli€atdoted
one of the PFET devices; dep03|t|ng a tensile stress

fromdlegroan ef mptsaalgonsigipgtol faomand GrrmeEET. devi ces and
over

3. A method of applying a stress proximity technique process, the method
comprising the steps of:

forming a semiconductor device, said semiconductor device comprising a
semiconductor substrate having a plurality of NFET and PFET devices disposed thereon,
at least one of the NFET devices and at least one of the PFET devices having a first set of
sidewall spacers and a second set of sidewall spacers, respectively, and an oxide liner
disposed over the at least one of the NFET devices and over the at least one of the PFET
devices;

depositing a tensile stress layer over the at least one of the NFET devices and over
the at least one of the PFET devices;

removing at least a portion of the tensile stress layer over the at least one of the

PFET devices;
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the at | east one of the PFET devices; renoving at

| east a portion of the tensile stress |layer over the
at | east one of the PFET devices; 15 selectively
renoving at | east a portion of the tensile stress

| ayer over the at |east one of the NFET devi ces,
thereby formng a third set of sidewall spacers on the
at least one of the NFET devices; and selectively

r enBUFGHyclyHeme BB Ak Petion pribRAINHIIS Prrslayerovehiht ileast
one‘%f éllx FI-I'ET %Rﬁcégf theite9§ E\ﬁ'x; 1\{'{1 C8Dr %@gwﬁihgpa%%é B%EIE%R leggt

spacers fromt east one o
onaﬁﬂmmﬁﬁEﬁnthmﬁhauhecond set of sidewall spacers of the

t .one of the NFET rena
U FER Ty g BEr SO sTRE GERNGRSE Rl agteastone of
the PRETRievic&mathsihig s&thﬁ sigbe! Qfac@i@ﬂ@ﬁll thd: Adeat one of the NFET
conpr, essi ve stress ayer over the at east one of the

devigep viig R e dattio Fiowat! spacasiol et dest anret riifiedevicss
renfl i sud %ﬁﬁﬁwqﬁg& renmovi ng the second set of sidewal

spacers fromthe at |east one of the PFET devices and
t he third set of sidewal l spacers fromthe at Ieast
one

ces 4,
urt nie tORpt PETHE™Y HERS; e e PRRFRGS SpeShie &
c011q96a@rvesm§¢ GaycBHVR HR dt R¥STon0YETheNFETRdevicRasid BB et 1eist bfﬂ@of
T devices to reduce the conpressive forces on

the é’FETéiﬁglﬁeSoaﬁ@r gtlctipely Kprevingeipe serond get of pidealt Waacr@from the
at 16458440 oF thd METNEL i COIR] ths Uhd £N&F s?&e@v@ll% acRRA N fh@ afleast one

non-uni form nitride |ayer over the sem conductor

of theMFEE dafitexr the step of selectively renoving at | east
a portion of the tensile stress layer fromthe at
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6. The method of claim 5, further comprising the step of applying a non-uniform
nitride layer over the semiconductor device after the step of selectively removing at least
a portion of the tensile stress layer from the at least one of the NFET devices, whereby
the non-uniform nitride layer is removed during the step of removing the second set of
sidewall spacers from the at least one of the PFET devices and the third set of sidewall

spacers from the at least one of the NFET devices.
7. The method of claim 6, wherein the step of applying a non-uniform nitride
layer comprises depositing a non-uniform nitride material across the semiconductor

device,

8. The method of claim 7, wherein the step of applying a non-uniform nitride

material creates a profile where the nitride material is thicker on the upper portions of the
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7. The method of claim6, wherein the step of applying
a non-uniformnitride |ayer conprises depositing a
non-uniformnitride material across the sem conduct or
device. 8. The nmethod of claim7, wherein the step of
applying a non-uniformnitride material creates a
profile where the nitride material is thicker on the
per portions of the 16 profile across the at | east
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The nmethod of claim8, wherein the step of applying a
non-uniformnitride material conprises applying a
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having a conpressive internal stress state.

12. The method of claim 11, wherein the relaxation species is a material

comprised of Xenon.

13. The method of claim 12, wherein the relaxation species is a material

comprised of Germanium.
4. The method of claim 4, wherein the step of depositing a compressive stress
layer comprises depositing a nitride liner material having a compressive internal stress

state.

5. The method of claim 14, wherein the step of depositing a compressive stress

layer is performed by plasma enhanced chemical vapor deposition.

16. The method of claim 3, wherein the step of depositing a tensile stress layer

comprises depositing a nitride liner material having a tensile internal stress state.
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15. The nmethod of claim 14, wherein the step of
depositing a conpressive stress layer is perfornmed by
pl asma enhanced chem cal vapor deposition. 16. The
met hod of claim 3, wherein the step of depositing a
tensile stress |ayer conprises depositing a nitride
liner material having a tensile internal stress state.
17 17. The nethod of claim 16, wherein the step of
depositing a tensile stress layer is performed by
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nmethod of claim3, further including the step of

is peermed b}t@}@ﬁma@hﬂwd chanctonpeclepesitdyi ce after the
step of renobving at |l east a portion of the tensile
stress |ayer over the at |east one of the PFET
devi&ethdocthed ofxaddim 3, ertliee nsiudengsbe ﬁs;soi[ tayrenxal oynéimg thee

ast T deV|c and i ess
sergioafeRot (S Mee R B sr e ey pailg EaS Ryl s
layBRd e @htef leadt dhabABe P‘P‘B’?rd@{uﬁest th Qcthla@th®fentinedti¥B layer over the
cycling ngrlses perform ng a standard dopant

at 19@@ P%‘?f tbfh KA éiawcw o iduce ppassapifhia the atéﬁ@é@%e @ffthe NFET
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portion of the tensile stress layer fromthe at | east
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performing a standard dopant activation anneal with a temperature in excess of about

1070 degrees Centigrade.
20. The method of claim 3, wherein the step of removing at least a portion of the

tensile stress layer from the at least one of the NFET devices is performed with an

anisofropic reactive ion etch.
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