ENHANCED STRESS FOR TRANSI STORS HE' D OF THE | NVENTI ON
[ 00011The present invention relates to sem conducto
devi ces, and nore particularly, to inproving
performance of transistors with stress engineering.
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stressors in source |>|;[ra1n regions of a transistor. Other techniques include, for example,

providing the desired stress inducing material in the shallow trench isolations (STIs) or over the
transistors as etch stop liners (ESLs).
[0003] However, we have discovered that conventional integration schemes applying stress
engineering is ineffective. For example, current integration schemes counter the effect of the
stress inducing materials, such as relaxing the stress being applied. This can undesirably affect
transistor performance.
[0004] In view of the foregoing, it is desirable to provide effective stress inducement to
improve transistor performance.

SUMMARY OF THE INVENTION
[0005] The present invention relates to improving transistor performance with stress
engineering. In one aspect of the invention, a transistor comprises a gate disposed on a

substrate, the gate includes spacers on gate sidewalls. The transistor further comprises diffusion



[ 0005] The prese invention relates to inproving

transi stor performance with stress engineering. in one
aspect of the invention, a transistor conprises a gate
di sposed on a regions adjacent to the gate, and
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contacts are displaced from the spacers by a distance G.
[0009] These and other objects, along with advantages and feature of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the drawings, like reference characters generally refer to the same parts throughout

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



and pernutati ons. BRI EF DESCRI PTI ON OF THE DRAW NGS
[MNnNn the drawi ngs, |ike reference aracters generally
refer to the sanme parts throughout the different
views. Also, the drawi ngs are not necessarily to
scal e, enphasis instead generally being placed upon
beingjpllaagd upen ilhgtrating the pno¢ipleeof B intratipmy ¥atipwrembggiitenis of the
enbodi ments of the present invention are described
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100111Figs. la-b show a transistor in accordance wth

[00119PNe ERPOALEEMy £fraddior iR\8Rriate Wil dnhi@3limR off tN8Vention;

a process for formng an IC in accordance with one
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[0013] Figs. 3a-d show a process for forming an IC in accordance with another embodiment
of the invention,;
[0014] Figs. 4a-b show SEM images of p-type transistors with and without a gap between
transistor sidewall spacers and contacts on the source/drain regions; and
[0015] Fig. 5 shows lon/Ioff characteristics of p-type transistors with and without a gap
between transistor sidewall spacers and contacts on the source/drain regions.

DETAILED DESCRIPTION OF THE INVENTION
[0016] In the following description, details are set forth such as specific materials,
parameters, etc. in order to provide a thorough understanding of the present invention. It will be
evident, however, that the present invention may be practised without these details. In other
instances, well-known process steps, equipment, etc. have not been described in particular detail
so as not to obscure the present invention.
[0017] The present invention relates to transistors. The transistors can be incorporated into
ICs. The ICs can be any type of IC, for example dynamic or static random access memories,
signal processors, or system on chip devices, mixed signal or analog devices such as A/D
converters and switched capacitor filters. Other types of ICs are also useful. Such ICs are
incorporated in, for example, communication systems and various types of consumer products.
[0018] Figs. 1a-b show a portion of an IC 100 in accordance with one embodiment of the
invention. Referring to Fig. 1a, the portion includes a transistor 140 formed in an active region

110 on a substrate 105. In one embodiment, the substrate comprises a silicon substrate. The



transi stor sidewall spacers and contacts on the
source/drain regions; and [0015]Fig. 5 shows lonlioff
characteristics of p-type transistors with and w t hout
a gap between transistor sidewall spacers and contacts
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[0020] In one embodiment, source/drain stressors 165 are disposed in the source/drain
regions of the transistors. In one embodiment, a first edge 168 of the stressors is aligned with the
outer edge of the spacers. Providing stressors having a first edge which is not aligned with the
outer edge of the spacers is also useful. For example, the first edge of the stressors may be
aligned with the edge of the gate sidewalls. The edge of the stressor, for example, can be where
the channel begins. As shown, a second edge 169 of the stressors abuts the STIs. Providing

second stressors which do not abut the STIs is also useful.



gate el ectrode 146 over a gate dielectric 145.
Di el ectric spacers 152 can be di sposed on the
sidewal | s of the gate stack. The dielectric spacers,
for exanple, are formed fromsilicon oxide. Oher
types, of dielectric materials, such as silicon nitride
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[ 00241A stress layer 185 can be applied on the surface
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[0027] Referring to Fig. 2b, the process continues to form the gate layers on the substrate.
For example, forming the gate layers comprises sequentially forming a gate dielectric layer 245
and a gate electrode layer 246 on the substrate surface. In one embodiment, the gate dielectric

layer comprises thermal oxide. Other types of gate dielectrics are also useful. The gate



el ectrode | ayer, for exanple, conprises polysilicon.
O her types of gate electrode mate such as netal, are
al so useful. The gate layer, in one enbodi nent, can
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such aithétels hmralsoegbfmhsTthaw laien gn omdapedipehty esi ¢cangwoise adeavily doped
al so useful. [0028]1n one enbodi nent, a cap |ayer 249

polysﬂh%o@[a@/&!ﬂ éRHe XL bolakiey %@E TR BOYEiRER: ca_ﬁhi% iha@ue dopddar doped by ion
exarrp e, conprises a dielectric matexial such as

1mplaﬁ a 1b19 ?@g?g&&lﬁi lggsr dtﬁ'%g?énﬂg 1 élo aggésﬁg?cg%{)gl{lt%gﬁ&l%l regions.
te. stack 244, The gate | ayers can be
Prowafﬁgtugﬁq(f?@apgg' ﬁ’ﬁoeé%éé%t‘ﬁegﬂm mask and etch techni ques.
or exanpl e, pl aot or esi st mask is deposited and
[0028b at tlerone @th@dl@a@@ésaecq@daxqr &S isgroyiged e‘af‘g the,gads cleqtppde. The cap
exposed portions of the cap |ayer and | ayers bel ow are
layer, gocdrachples cogpasesandislottrio piatered sichsagsHicas niteidet Dther types of
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as shown Fig. 2d, a dielectric layer 251 is deposi ted
layer ol lapers Selost aratet@hedh@ngi he higeqtrapec taly swch agireactive ion etching (RIE),
enbodi ment:, conprises stain oxide. Qther types of

resultiﬂxigeh&(etgaite:stwdmm. al s or conbination of dielectric
materials are also useful. Th.e dielectric layer is

g e o P PR B
extensslgx%\l\g}e i d%’y 11%%1ant1ng first type dopants. P-type dopants are implanted for p-type
transistors while n-type dopants are implanted for n-type transistors. In one embodiment, the
source/drain extensions are formed by halo implants. Other techniques for forming the
source/drain extensions are also useful.

[0031] In one embodiment, as shown Fig. 2d, a dielectric layer 251 is deposited on the
substrate. The dielectric layer, in one embodiment, comprises silicon oxide. Other types of
dielectric materials or combination of dielectric materials are also useful. The dielectric layer is
anisotropically etched, for example by RIE, to remove horizontal portions, leaving sidewall
spacers 252, as shown in Fig. 2e.

[0032] Referring to Fig. 2e, the substrate is etched to form stressor openings 260 adjacent to

the gate stack. In one embodiment, the substrate is etched by RIE. Other techniques for forming



[0032] Referring to Fig. 2e, the substrate is etched to
form stressor openings 260 adj acent to the gate stack.
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the maﬁ%ﬁaﬁ Igfaédc cl:o?'rlg}nsr% &5 Fatt?c a%r?étgresrﬁqdlﬁ:{' gah rt% f?%%ﬁﬁs?ﬁteTrﬁicﬁnpre551vely

ICla over

S CEANC Y N ST S

to the spacers. I n one enbodi nent, the sacrificia
doped|Sa§ e Othasriyires 96 somprisav el OF fansastessedimaleiials A alyo qse%lh

oxi de. O her types of materials are also useful. 'the
(0035 hi Clreesscesd carhieussiorfbfm saaificizyeceisovsutht didlettc socers. This

formthe sacrificial spacers. The thiclness of the

1nclud§§ﬁﬁ‘inf1ﬁ%ié crikidMElayed D71 @x%a el s@bstiate, a3 hitwibinIqg. HMThe sacrificial
O her t |cknesses are al so useful. Various techniques,

layer &9@}1 ge use ai:% c ao%&“be denes hélbc‘?ﬂel(y%/@e Pac@b NBf She embodiment,

the sacrificral |ayer.

Ref t
B et R
maten;bg)ég f:el]§c? g%rj{l]:) Lf}%ﬁ%@iﬂg%/sg éf g;hsaelcneftlmﬂ lgy%g 1S suffic Clgllltftcl) ‘t:orm the sacrificial

spacers. The thickness of the sacrificial layer, for example, is about 5 — 30 nm. Other
thicknesses are also useful. Various techniques, such as chemical vapor deposition (CVD) or
others, can be used to form the sacrificial layer.

[0036] Referring to Fig. 2g, an anisotropic etch, such as RIE, is performed to remove the

horizontal portions of the sacrificial layer. The etch forms sacrificial spacers 272 on sidewalls of



the gate over the spacers. The substrate can
optionally be etched to form contact openings 266. The
etch, for exanple, conprises a R1.E. The etch
advant ageously is self-Mned since the STis and
sacrifjcial sp acers serve as _a mask. [0037]1n one )
the gl BYd; thgtracers. h$ & Sftsate cap pptiggdybg ctelpé & foFm|opRigetaRgnings 266.
in the contact opening as shown in Fig. 2h. The
The et fackahple) cqupises alill. dbapichsdsardagepydy & deifrmdigned since the STIs
material, such as silicon. Oher types of materials,
andsamﬁhﬁQSpmwﬁyﬁhkmsamna&,annrphous silicon,are al so

useful . The contact fill fills the contact opening.
[0037']_' or nln%e(é%moﬁﬁﬁerft i the c&ﬁgctQﬁl %Bhib §M@&1\ng fo#'rﬂe@ﬂle[he contact opening
mbodi nent, entaxi | growth. The contact b

to form suijc

as sh({:vgl?] | Fl% aiheZ]f“ Séuc%%Fa%F F oy Frﬁ@%’ CORiPLises %%ré/ﬁtaulélie %Ee%eé'ia& chh as silicon.

ayer is re fron1the top of the gate. stack. A

Otherézsﬁwéﬁwaw\é& @A 1OH 98 PEOEPIOHS t1REon st papssfulTiTke contact
conductive | ayer conprises a netal or alloy, such as,

fill filfsghe exatagilogening.c Retmingicektett il eani hewashizmed bpbabne embodiment,
Referring to Fig. 2i, a suicide process is perforned

epitaxtia growthn. Sitleicontdet £1d fciiithies 2BBequear protys t@kdrimglididy &ntacts. After
filling the contact opening awl over the gate

fillingeth@ €bt@et@penihBEhS WS ia96r i§ P MFddSr iR thei8p b OB S .cﬁg A conductive
conventi onal processes Sacrificial spacers are t

layer %gfg}gv&gom%g %ﬂttlllé]sg.la ouI g g&;d’éﬁﬁﬁ {:ay 0111111585 a mcf’;{(;a‘l.j {)hgloy, such as,

e su 0 redu

ne ef f t of the . contacts on the

for xR el ekl it 2 GORE. about 5. - 90mm
Preferably, G i's about 10 nut [O00391A stress |ayer

[0038} not Refawing)to it 2be flitideprosessis pireorsghse farmesilicidy emitasts 256 over
the transistor. The stress layer, for exanple, can

crystafddi leyepidling/ths eontectapeamgBSl ovdintke ghte ebstrbdy/ €The silicide contacts can
conprises a first stress to induce the first stress on

be forife@ veih@nBekentiohalFdBsest BEcHidifSPaddy B tl@é?méfd&&f' c?eatmg agap G
conpressi ve stress. Qther types of stress are al

betweg %ﬁﬂé’;‘gﬁk@sﬂgﬁ Wﬁé&%@%&é ayg?*"t% e ﬂ%ﬁ faative effect
electric_material. ex ,

or e IR RS 2 NSRS AL 1 Fobg e Bl t’%}ﬁ‘%sab&’ Gis about
stress materials are al so useful. PrOV|d|ng an ESL

10 nmgt ¢ g | ayer further enhances the stress induced on
the channel by the stre,ssors. LO0040]Figs. 3a-d show

[0039h pravelsss laofer fron ﬁhmn)acapdletfbmmeckﬁveathe suBst20€ cowering the transistor.
accordance wi th anot her enbodi nent of the invention.

The stRaf eayket, for dxanipldg cadadditlosalyi sebrrdid Gh GISLS TBS ktrads €ay2P Borhrises a first
provi ded. The substrate is prepared with a transistor,

tress EPIABXAMR st stBsstdh thb BhRRNFHI egsl
Sressdesncrl bed |$nS Fi gS ZdQ%S%igllﬁgeE%regF%B% ?l%lfglgsosﬁé}lfeégc?rg esg

oS I P LR BR l b

pe transistor dop nts are inplanted
mducg&%mr%eeﬁram @wys(i Strfee PR BRYE EQRIPETHA HElegrie graterial
formsacrircial spacers over the dlelectrlc spacers.
For exypipde, the stress layer comprises silicon nitride. Other types of stress materials are also

useful. Providing an ESL stress layer further enhances the stress induced on the channel by the

stressors.



includes formng a sacrificial |ayer 271 over the
substrate, as shown in Fig. 3b. The sacrificial |ayer
conprises a material which can be etched sel ectively
to the spacers. In one enbodinent, the sacrificia

[0040]|o )6(1|y %‘ég.sc.: %gfﬁrs.hé\%% ogég beOhldg dFr8sh 8f arSIeCcID0as adddrddea with

er types material's are al so useful. The

thiclness, of . the sacrifici My, [ Gl -
anothy gpipodiarny SRR AR Bhfbtfle o BE enf sPLLARUEE bukare 205 s
exanple, is about 5 - .30 nut.. her thicknesses .ar :
providgfls dhg s@mtipte 1y/aEPRiFe "‘fléban'i’ﬁ“lﬂfé‘g 9055, GEHEE ‘8%835% ‘T“?t f processing
vapor deposition (CVD) or others can be used to form
as destrileedsa &g, 2idc iSabrdedlyan diffitmremens 6 #g feranedihy implantigg dopants of
ani sotropic etch, such as RIE, is perfotiiied to
the fir§taiBd/ EFdrivRahple onteadoppos bicinplated foe psawrtidnisisioas and n-type
| ayer. The etch forms sacrificial spacers 372 on

& Henabhsc@fod g pedkasi@yr the spacers. Optionally,
d'Opanthe gﬁ%st?ai% i?metched to tbrin contact openings. A

[0041f r ysll;h%I plgb&(gs %&XﬁlﬁFs E%;i‘g gécrﬁ‘fckdﬁ SMetsDverig Aleldtgid/spacers. This

orne y WtaXl a In the contact openi ng.

Q her .types aof. stalline.material are . f gl o
ot Pty P ARG A e PR, (RS AREH re i
renoved fromthe top of the gate,sfack. Metal silici & di
layer copmprises & G ah dicharerdg efghed paleQiyghde i SPRFETH e PigSmbodiment,
and top of the gate electrode. [0043]Referring to Ha.

the sa8dficisldaydrfcbmipabesspdiclectsic anateridh evchr asrsgiced oxidee g}t]ilfﬁ'éms of
gap G between the contacts and spacers. The gap

materGilsSk a6 Sisd¢fiE THthR&h&:s ¢ sherdfividlieyes hasufigdiemfto fdven the sacrificial
transistor. in one enbodinment. Gis about 5 - 30 Alla

space{sig ?Hrlrlggﬁ@wess,(%ﬂf ScaftfpRd s ADuS L 3D r3h I ERBer tRYREesSBrd &lso useful.

over the substrate, covering the transistor
. The stress |ayer, for, e ser S
Varioly RSy wieP g st s O BByt B TR B inclseam b \ed o form the
_first stress on the channel. For exanple, the stress
Sacrlfl-c«’effJ<1;iifyel'3orrpris.es a conpressive stress. Other types of
stress are also useful. In one enbodinent, the s{ress
[0042]] ay eReferthede $g. i3or @sariisesropissaich, Taeh R IEs isrregigrme toremove the
preferably conprises t dielectric material. For .
horiz&X@MNRkEonstoiehsdacefisial layer Thermhifoess sictificiehspatars B deon sidewalls of
O her types of stress materials are al so useful.
the g6 BVdrdhdehadets ESptishdIRS thel sa¥@Fatd Wretdhed tefhanostctdpenings. A
stress induced on the channel by the stressors. By

.ovi.din i @mgaﬁi . & 1Sin thd€ontact opening.

CEYSH e%&%é%?ﬁﬁgsg¥g%gﬁ&%gﬁpﬁggte gﬁg%g?ﬁ?@&?he channel pentie

of the transistor,. This. enh e .
Other et b B ST e, <A Ol Gb RSPy Eehfierthe cap laye
~contacts away fromthe channel reduces t@ﬁgr SEress.
is remafed fiomytheroret the paigaerk Yoty sibrifCoEs mMEGES 06’1“6‘? gete

(a) without andwith a gap between the sidewal
source/drain regions and top of the gate electrode.

[0043] Referring to Fig. 3d, sacrificial spacers are then removed, creating a gap G between
the contacts and spacers. The gap displaces the contacts away from the channel of the transistor.
In one embodiment, G is about 5 — 30 nm. Preferably, G is about 10 nm. A stress layer 385 is

formed over the substrate, covering the transistor. The stress layer, for example, serves as an
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spacers and the netal suicide contacts fornmed in the
source/drain regions. As seen fromFig. 4(a), where no
gap is forned, the netal suicide contacts encroach on
t he channel region of the transistor, This rel axes the
stress in the channel region, counteractlng the effect

ESL. dihethessdtyes sempysesiqi firpt siepy to ingnce drplist ems o Hee channel. For
contacts are displaced fromthe channel region,

exampledte stngs tdyet commedsat b vemprepaiet stosss.c Darenefpes bf gsss are also useful.
[00451Fig. 5 el an,andoff characteristics of p-type

In ond érABEHISEAT the (sﬁfbss%)tdi‘ tfucandediipreWdi tdbt@sQ apheES Meedds layer
the side "all spacers and the netal suicide contacts

prefer]:l‘tﬁgn riSQ LHEI gcth%%ﬂéﬁal. ﬁ‘ﬁ ﬂﬁpe R re\?\#ﬁﬁgﬂ cig)énpé‘ggs ?1gcon

tor performnce can ai ne

100461Th ti th
aitia SR s Ohgie %?&eh%t%%aéﬁ%}lﬁ%g Piordrenn Top el s forther
essentlal characteristics thereof. The forggO|n

enhanggfbelpiieshinsiuceden dreshamneh by theptisasosbndy BevisHng f Za £ between the
respects illustrative rather than limting the

silicide woetatts ghe E6Eiskress lagaream be Bred cbfset toghe nlmneh adithg wansistor. This
thus indicated by the appended cl ains, rather than by

enhant&eth o @9 efbds demersirpdsiloger. antdhahlorg dapgemdthatoei®away from
wi thin the neaning and range of equival ency of the

the chﬁxl[u?él E@iél@ésechieimsﬁ&g?gﬁilgg Q?D ?(rrbr aced therein. Wiat is

orning a seniconductor

O e LR

a gate and fjrst spacers o e siclewalls, the fir

spacers§ pflgé él?esmﬁtélﬁlh@dﬁ cq;qpta%tﬁ Qpmg p,rglJ source) dranb éng?g}smﬁr‘sgs %‘om Fig.
first etch to form stressor recesses in the substrate

4(a), valtjrave gep tsdotrhed, thernetgpsibeids conthes tigreachainche clsanapl region of the
ani sotropic etch, wherein first edges of the stressor

transigt@C EBg el e tigatiesainitgn eithnntloregioh etouattgasing the dfé:ct ofthe stressors.

spacers,
In Fig. E(b), in comparison, the contacts are displaced from the channel region, reducing their
negative impact on channel stress.
[0045] Fig. 5 shows Ion/Ioff characteristics of p-type transistors (a) without and (b) with a
gap between the sidewall spacers and the metal silicide contacts formed in the source/drain
regions. As shown, a 20% improvement in transistor performance can be obtained when the gap
is present.
[0046] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

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

claims are intended to be embraced therein.
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formng stressors in the stressor recesses, the
stressors having first stressor edges at the first
edges of the stressor recesses; form ng
sacrificial spacers on the gate sidewalls over the
first spacers, the sacrificial spacers having a second
wi dth W2, wherein a total width of the first and
sacrificial spacers is W + W2; performng a
second etch to form contact openings in the stresson,
wherein the second etch is an anisotrople etch which
Whatgedlfimed isgned, to outer edges of the sacrificial
spacers; depositing a conductive |layer on the

Is ubs Armagtiead of formingfagremicnirusior ddvite cooptisit s adj acent to
the gate by causing a reaction with the conductive

| ay eprovidingresibstraledaging 2 tasisoofamed herger thedlafisisgdricgmprases
to the outer edges of the sacrificial spacers; and
arg@teomd gt sthecrsecgatd sidsvalls, hedics spacers having aftrati widthtWae

sui cide contacts to expose the substrate to provide a
gap befomaing atfhiss ewh kd i etrasemrexedses in e stbstrate pdipggnt-to the
edges, the gap having a distance G equal to the width
fost spdwers ghe fiist ¢tahi ia hn sp@brepis etvR whererrelthatodgself i atrdsem  of
stress in the stressors, The nethod of claim1l
redeeseearn selhdigaed toougeedgerefdlet fostspmersi se i ckel . The

met hod of claimi wherein the distance Gis about 5 to
30 afiormihg siFéssormit thosiresfor tskeshan the sthresosd Imving Eirss streesos edgss
are funned in diffusion regions adjacent to the gate,
atithd firdhedgss nigbsressor edese®; a first stress in a channel
region of the transistor beneath the gate. 5. ne

met héemofe sedridiicial shavdneordghagathadaialls avee gheQirst spaser$, thieci ent
to reduce the relaxation of the first stress by the
ss@ificat specerdingingetshadd pidtc Mai wheteimh ertad ividth hEthelfist andce
is about 5 to 30 mm

sacrificial spacers is W; + Wy;

performing a second etch to form contact openings in the stressors, wherein the
second etch is an anisotropic etch which is self-aligned to outer edges of the sacrificial
spacers;

depositing a conductive layer on the substrate;

forming silicide contacts adjacent to the gate by causing a reaction with the
conductive layer, wherein the silicide contacts arc self-aligned to the outer edges of the
sacrificial spacers; and

removing the sacrificial spacers after forming the silicide contacts to expose the
substrate to provide a gap between the silicide contacts and first stressor edges, the gap
having a distance G equal to the width of the sacrificial spacers W5 to reduce relaxation

of stress in the stressors.
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7. The nmethod of Maim 1 further conprising formng a
stress layer on the substrate over the transistor.

8, The nethod of claim7 wherein the distance Gis
about 5 to 30 mu. 9. A nethod of formng a transistor
conprising: providing a gate di sposed on a substrate;
formng first spacers on sidewails of the gate, the
Lirst spacersdrying a first wwdth W,;

performng a first etch to formstressor recesses in
the substrate adjacent to the first pacers, the first
etch is an anisotropic etch, wherein first edges of
the stressor M:Cases are self-aligned to outer edges
of t henefnhditoll of Bl@RET $herein the silicfde Edtitaegs cdmpasadksl. i n t he
stressor recesses, the stressors having first stressor
edges at the first edges of the stressor recesses;
foming sacrificial spacers on the side-walls of the
Bi I SUTIRRAGRADE claim 1 wherBi@lttte didtint@ ivabsecandoemch t o
form contact openings in the stressors, wherein the
second etch is an anisotropic etch which is
self-aligned to outer edges of the sacrificia
apacerife.mdiR of alain f whérain tispacsess afddsineg iredifedunesimisdt h
W2, wherein a total wdth of the first and sacrificia
8AREN 5 tHeatdl and the stressors induce a first stress in a channel region of the

transistor beneath the gate.

5. The method of claim 4 wherein the distance G is sufficient to reduce the

relaxation of the first stress by the contacts.

6. The method of claim 4 wherein the distance G is about 5 to 30 nm.

7. The method of claim 1 further comprising forming a stress layer on the substrate
over the transistor.

8. The method of claim 7 wherein the distance G is about 5 to 30 nm.

9. A method of forming a transistor comprising:

providing a gate disposed on a substrate;
forming first spacers on sidewalls of the gate, the first spacers having a first width

Wi,
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depositing a conductive |layer on the substrate;
feinting suicide contacts on the substrate over the
di ffusion regions adjacent to the gate by causing a
reaction with. the conductive |ayer, wherein the
silicon contacts are self-aligned to outer edges of
the sacrificial spacers; and renovi ng the
sacrificial spacers after form ng the suicide contacts
to expose the substrate to provide a gap, between the
silicide contacts and first stressor edges, the gap
havi mgrfermines Bicacho duairessy resesesyndlcsubgtraierpdjacent to the
sacrificial spacers W2 to reduce relaxation of stress
finst sppesrss the st efels is an agisotrphis cieht Wiseein firstedarsnidhostiessei n
the distance Gis about 5 to 30 urn. 11. The nethod
wseesgds aferpelf-akignied Frequics 6Agss PEIBrst WAy a stress | ayer
on the substrate over the contacts and gate with the
fi r stfompegstressors inthawstresent resessesp haistiggsas Bavineds qirssa edges
devi ce conpri si ng: provi ding a substrate having
2t therfiyrpsidgas of the sirgseat rechissesson, the transi stor conpri ses
a gate and first spacers on gate sidewalls having a
f i r stfogwinlt sacriffcial sprsers ab e sidewalis oEtha iest sppeerBsors in the
substrate adjacent to the gate:, wherein first ]
st r epsoemmeirfeseceid efdhdo Srm eeiant gpeaings il thesiessor; viereinthe
first spacers; form ng sacrificial spacers on
tehendgpiahds @) abbpadnicetelywhich héelgialim:d opates pdges efitle sacrificial
sacrificial spacers having a second wi dth W2, wherein
spateny, Hielsaqnifidiahspe¢ers hpaingiasetondwilths Weriferan afotad pigiheefdhq s
Vit + W2 form ng contact openings in the
Bust and senridicialpadees in WiirWe: cont act openi ng edges are
aligned with the sacrificial spacers; selectively
fi | | ideppsiting acondugidve layseen thgsulstrdic;a cont act | ayer;
depositing a conductive | ayer on the substrate,;

forming silicide contacts on the substrate over the diffusion regions adjacent to

the gate by causing a reaction with the conductive layer, wherein the silicon contacts are
self-aligned to outer edges of the sacrificial spacers; and

removing the sacrificial spacers after forming the silicide contacts to expose the
substrate to provide a gap, between the silicide contacts and first stressor edges, the gap
having a distance G equal to the width of the sacrificial spacers W, to reduce relaxation

of stress in the stressors.
10. The method of claim 9 whetrein the distance G is about 5 to 30 nm.

11.  The method of claim 9 further comprising forming a stress layer on the substrate

over the contacts and gate with the first spacers.
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formng silicide contacts adjacent to The gate by
causing a reaction with the conductive | ayer and
contact |ayer; and removing the sacrificia
spacers after footling the silicide contacts to expose
the substrate to provide a gap, between the suicide
contacts and first strcssor edges, the gap having a

di stance equal to the width of the sacrificial spacers
W2 to reduce relaxation of stress in the stressors.

13. The nethod of claim 12 wherein a top contact
surface of the suicide contacts are di sposed above a
top sfressor surface of the stressors. rebxation of a
12 r st rstthasied frmingresemicoedisior devicg@BIEAL t he cont act s.
cl ai mL5. The nmet hod of wherein the distance 0 is about 5
t o 3@roviding abebsThle haenhodansistog fogined tharepry, thefigpsistor comprises
conprising formng a stress |layer on the substrate
soseby antl fiest smaems Prsgabs sidewalls kaving g dirgt axjidih Waplie pybsigate Feludes
contacts and gate with the thst spacers.

stressors in the substrate adjacent to the gate, wherein first stressor edges of the stressors

are aligned with the first spacers;

forming sacrificial spacers on the gate sidewalls over the first spacers, the
sacrificial spacers having a second width W, wherein a total width of the first and
sacrificial spacers is W, + Wo;

forming contact openings in the stressors, wherein first contact opening edges are
aligned with the sacrificial spacers;

selectively filling the contact opening with a contact layer;

depositing a conductive layer on the substrate;

forming silicide contacts adjacent to the gate by causing a reaction with the
conductive layer and contact layer; and

removing the sacrificial spacers after forming the silicide contacts to expose the
substrate to provide a gap, between the silicide contacts and first stressor edges, the gap
having a distance G equal to the width of the sacrificial spacers W, to reduce relaxation

of stress in the stressors.

13.  The method of claim 12 wherein a top contact surface of the silicide contacts are

disposed above a top stressor surface of the stressors.
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14, The method of claim 12 wherein the distance G is sufficient to reduce the

relaxation of a first stress of the stressors caused by the contacts.

15. The method of claim 14 wherein the distance G is about 5 to 30 nm,

16.  The method of claim 14 further comprising forming a stress layer on the substrate

over the transistor, the stress layer covering the contacts and gate with the first spacers.
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