METHOD AND STRUCTURE TO PREVENT SI LI Cl DE STRAPPI NG OF
SOURCE/ DRAIN TO BODY I N SEM CONDUCTOR DEVI CES W TH
SOURCE/ DRAI N STRESSOR Background of Invention 1)
Field of the Invention This invention rel ates
generally to fabrication of sem conductor devices and
nore particularly to the fabrication of sem conductor
devi ces having reduced silicide strapping of
source/drain to body. 2) Description of the Prior Art
It is now well known that strained silicon channels
al l ow higher carrier nobilities, thus inproving

devi ce performance, and are conpatible with
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strain in the transistor channel. In a typica

process, a recess SOURCE/ORAN STRESSORed in the
silicon substrate, exposing the STI sidewall. This

recess is subsequently filled with epitaxial SiGe or
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devices and more particularly to the fabrication of semiconductor devices having

reduced silicide strapping of source/drain to body.

2) Description of the Prior Art

It is now well known that strained silicon channels allow higher
carrier mobilities, thus improving device performance, and are compatible with
mainstream CMOS processing. One emerging technology is the use of SiGe or
SiC that is embedded in PFET or NFET devices, respectively, to induce an
uniaxial strain in the transistor channel. In a typical process, a recess etch is first
performed in the silicon substrate, exposing the STI sidewall. This recess is
subsequently filled with epitaxial SiGe or SiC.



apparently nore rel evant technical developnents in the
patent literature can be gleaned by considering the
foll owi ng patents. US6861318: Seni conductor transistor
having a stressed channel - Sem conductor transistor
for integrated circuits, conprises source and drain
formed in source and drain recesses, respectively,
source and/or drain being mnade of filmmaterial,
which is formed to have second lattice having second
spacing Inventor: Mirthy, Anand. US6531347: Method of
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substrate surface. |Inventor: Huster, rl .
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hannel i r .and .a second sem conduct or
ggonponeyn?érlgﬁa@%‘nnsq[ﬁteggllogwﬁa p@f"r’ﬁ%it - I nventor: Ko,

Chi h-Hsin. US 6710413 and US 20020137295A1: Sial i ci de
fiel t transistors with inproved borderl ess
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made of film material, which is formed to have second lattice having second
spacing Inventor: Murthy, Anand.

US6531347: Method of making recessed source drains to reduce
fringing capacitance - Manufacture of semiconductor device involves forming
source and drain regions that are recessed at prescribed depth below
semiconductor substrate surface. Inventor: Huster, Carl.

US20050035409A1: Structure and method of a strained channel
transistor and a second semiconductor component in an integrated circuit -
Inventor: Ko, Chih-Hsin.

US 6710413 and US 20020137295A1: Salicide field effect

transistors with improved borderless contact structures and a method of fabrication



| ayer. Inventor: Thei, Kong-Bang. US 6093593: Mt hod
of formng a gate which provides a reduced corner
recess in adjacent shallow trench isolation - Gate
formation for sem conductor fabrication has resist
protect |layer and silicide regions on source and
drain. Inventor: Jang, Syun-Mng 3 Sunmary of the

I nvention An exanpl e enbodi ment of the present

i nvention provides a structure and a nethod of

manuf acturing a device with spacers on active regions
that can prevent silicide shorting problens. An
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form ng stressor regions by filling the recesses; the
stress region have a pit adjacent to the isolation
regions; the pit has sidewalls on the stressor region
and the isolation regions; formng stressor spacers on
the sidewalls of the stressor regions. 4 An exanple
enbodi nent provide a sem conductor device conprising:
a gate structure over a substrate; isolation regions
in the substrate; the isolation regions spaced from
the gate structure; recesses in the substrate

adj acent to the gate structure and adjacent to the

i sol ation regions; stressor regions filling the
recesses; the stres§”FE@?@MP%@@é“¥eﬁﬂ?“adJacent to

t he isolatlon regions; the pit has sidewalls on the
stressor region and the isolation regions; stressor
spacénsxamptchembpdieveritlof thuf prasentinyesstsoy pnoa'giee @s. The
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tr@xbauﬁe\mt @mduﬂarshQNMggsrbbl%msT hey are presented only
to assist in understanding the invention. It should be
n example embodiment of the present invention provides a
structure and a method of manufacturing CMOS devices with S/D stressors having

reduced silicide strapping of source/drain to body.

An example embodiment provides a method of fabrication of a
semiconductor device; comprising the steps of:

providing a gate structure over a substrate;

providing isolation regions spaced from the gate structure;

forming recesses in substrate adjacent to the gate structure and adjacent
to the isolation regions;

forming stressor regions by filling the recesses; the stress region have a pit
adjacent to the isolation regions; the pit has sidewalls on
the stressor region and the isolation regions;

forming stressor spacers on the sidewalls of the stressor regions.



understood that they are not representative of all the

i nventions defined by the <clains, to be considered
limtations on the invention as defined by the clains,

or 5 limtations on equivalents to the clains. For

i nstance, sone of these advantages may be nutually
contradictory, in that they cannot be sinultaneously
present in a single enbodinent. Simlarly, sone

advant ages are applicable to one aspect of the

i nvention, and inapplicable to others. Furthernore,

cer t Anmexaspe esnhaidimbet prolvigiereesericeadiidtonddays not
been. di scussed herein. However, no inference should
CBRPEEYEN regardi ng those di scussed herein relative to

t hosg qié sHuEEHS 8@ 8UiIdtFte0t her than for purposes of
space and reducing repetition. Thus, this summary of
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di spositive in d%iir%mrgj ng equival ence. Additi onal
features and advantdges of the invention will becone
apparengssesirt fhe dublstratd agjadestas ths gate stiuetire e adjacent to the
drawi ngs, and fromthe clains. 6 Brief Description of

the Drawings ThéSHRURNIGHONShd advant ages of a
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invention and further details of a process o
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conj wietssomspadehs on the sidewalls of the stressor regions.

The above and below advantages and features are of
representative embodiments only, and are not exhaustive and/or exclusive. They
are presented only to assist in understanding the invention. It should be
understood that they are not representative of all the inventions defined by the

claims, to be considered limitations on the invention as defined by the claims, or



t he acconpanying drawi ngs in which |ike reference
nunmeral s designate simlar or correspondi ng el enents,
regions and portions and in which: Figures 1A 1B, 1C

2, 3, 4 and 5 are cross sectional views for

illustrating a structure and net hod for manufacturing

a device according to an exanple enbodi nent of the
present invention. Figure 6 is a cross sectional views
for illustrating an exanple of a device that has
source/drain to body strapping (shorting). 7 Detailed
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I n anot her exanpl e option where the original spacers
were intentionally not renoved, sidewall stressor
spacers can also be forned on the stressor regions by
first depositing a conformal dielectric |ayer over the
substrate, followed by an anisotropic etch. 8 Figures
1A to 5 show an exanpl e enbodi nent having pit stressor
spacers 48 on the sidewalls of the stressor region 36
that prevent silicide shorting. B. Gate structure As
shown in figure 1A, we provide isolation regions 14 in
the substrate 10. The substrate 10 can be conprised of
silicon with a (100) or (110) orientation, a silicon
on insulator (SO) substrate, strained silicon or SiCGe
with varying Ge GRludr |n figure
1A, we provide angaé{?e strﬁ)tl Eféfty%s%ver substrate
10. ThefWEessadead\Lm’ﬂea@éb cfansémicoodpetosadviod a gate
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adj acent to the@gate 20. A cap layer 24 is provid
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Figures 1A, 1B, 1C, 2, 3, 4 and 5 are cross sectional views for
illustrating a structure and method for manufacturing a device according to an

example embodiment of the present invention.

Figure 6 is a cross sectional views for illustrating an example of a

device that has source/drain to body strapping (shorting).



shaped spacers 28 of the gate structure. In an exanple
enbodi nent, the cap layer 24 is conprised of silicon
nitride. Disposable spacers 32 are forned over the

L- shaped spacers 28. 9 The di sposabl e spacers are
preferably made of silicon nitride. The isolation
regions 14 are spaced fromthe L shaped spacers 28.
The gate dielectric layer 18 can be conprised of
silicon dioxide (e.g., nitrided by rapid therm
process or plasma process), silicon oxynitride

(SiON), or high k material such as Hf02, Hf Al O or

Hf Si Ox. e la 20, ris of

pol y- cryst ﬂql,;éﬁqqqr@gwn(%fgq@ggp ,E"‘th"dr'f@leﬁﬁ% such
as Ta, TaN, Mo, Ru, N, Ti, or aIons of the above
nmetals. C. formng recesses Referring to figure 1 B,
we formrecesses 34 in the substrate 10 adjacent to

t he di ;}ﬁosa xanplecynodimeoRIviRvnt to the

i solation regions 14. The recess preferably exposes
at least a portion of the isolation sidewalls. The

si | i porexaiss satbodimed ties pRigent rpfvaﬁﬁ‘orbmseloésé gctive
etch process using the gate structure and th

MelBr@tq BieveRPitride siapring of henBiewse/Drain @@umdram)éco Bady in
sBMREPRIBctof @@v?@s W‘th%}’bséﬁésgms uch® :?st éfé?éé 8% fct?] Fr example, for

conbi nation of anisotropic and 1%<0
embedded SiGe (eSiGe) PFET devnces the stressor material is epitaxially grown

in the S/D recesses. Following this, the original (disposable) spacers were
stripped and reformed, and in the process, sidewall spacers were formed on the
edge of the active (or stressor) regions. These sidewall spacers inhibit the
formation of silicide at the active edge during the silicidation process and thus
prevent silicide strapping of the Source/Drain to Body.

In another example option where the original spacers were
intentionally not removed, sidewall stressor spacers can also be formed on the
stressor regions by first depositing a conformal dielectric layer over the substrate,
followed by an anisotropic etch.



processes. In this exanple enbodi ment (Fig. 18), the
silicon recess is fornmed by an isotropic etch
process, hence there is sonme undercutting beneath the
hori zontal 10 portion of the L-shaped spacers 28. The
vertical depth of the recess 34 can be between 20 and
150 nm D. providing stressor regions having a pit
(small hole) adjacent to the isolation regions As
shown in figure 1 C, we formstressor regions 36
filling the recesses 34. The stressor regions

pr ef angttrby 1BUb Ssisdw ahexafmpld enfbdbanneht Haﬁzmg%it 9tfressbhe
devi ce stressor regions can have a pit 38 (e
SORGPYS %P%ﬁ@rs'a%\ﬁﬁ%%gf e stiesgay regian 3¢ Hhat rpéewemt; Bdalclde shorting.
regions 14. The pit has sidewalls on the stressor
region 36 and the isolation regions 14. The pit 38 is
caused by reduced (e.g., faceted) growth of stressor
mat er i ab- ocd@@ﬁﬁ%@ueﬂUﬁg the STI bounded edges of the
source ,and drain a;glons The(gromﬁh i s reduced

(e. gAS soudy iBdigupe dAuwe RrRvide isdlatinn regionscthinttbe gr ow
t1d h | '
A0y 0k B8 TSR 11

aientatienr @ slisern Oanldsulaimr(%@I)@Ldmtrhteosh'amdfsnlmn or I$$Ge with
\)gﬂhﬁ%@lf éBnrcgﬁttrét%hst The pit 38 can have a depth between

nmand a wi dth between 0 and 20 nm Zero
depth and zero wi dth means that the STI (or

As shown in figure 1A, we provide a gate structure 21 over a
substrate 10. The gate structure 21 can be comprised of a gate dielectric layer
18, a gate 20, L-shaped spacers 28 on the sidewalls of the gate dielectric layer 18,
gate 20, and over portions of the substrate surface adjacent to the gate 20. A cap
layer 24 is provided over the gate 20. Source/drain extension (SDE) or lightly
doped drain (LDD) ion implantation can be performed prior to the formation of L-
shaped spacers 28 (not shown). Disposable spacers 32 are formed over the L-
shaped spacers 28 of the gate structure.

In an example embodiment, the cap layer 24 is comprised of

silicon nitride. Disposable spacers 32 are formed over the L-shaped spacers 28.



isolation) regions are at the sane |evel as the bottom
of the recess. The stressor regions 36 can be forned
usi ng an epitaxial process. The stressor regions 36
are preferably conprised of Si(l_x)Gex, Si(l. )CX 11
or Si(i_x_y)B, Gy, where x is between 0.1 and 0.8, and
y is between 0.1 and 0.8, and are nost preferably
conprised of Si(i_x)Gex. The Siil x Gex can be undoped
or in-situ doped with boron. The Si(i_x)CX can be
undoped or in-situ doped with phosphorous. The

ThBididptssbleddpacbrs &ei grafarably Sha8s 9PEilidéh hiridket Vﬁ%ﬁﬁ@lgtion
e

and 180 nm ‘Rajsed S/D regions are formed when t
regipRk hé sEe spaqaddrapithakishipped seasss 28s  greater than
the recess depth. E. form ng stressor spacers on the
sidewal I's of the stressor regions In a key step, we
f or mibe massdielespraclaysr thcambe sodmniabd sf eflicbmeioxide

stressqr ., regio in the pit. Figures 2 ta 4.show an .
(€ TEE BY Rayld oerthat Aradiss or Pl ProGesde FUCORGXEMISie
(SION), 8Hhighd makrfBudea® oD herMmenr iRk .24 and

di sposabl e spacers 32 u3|n% a wet etch. It is

pr ef SR BYEhAP cRBbesonyiseridl pabrerystallingsdionor t hi s
(OWHsifdonl), Hfidtals such as Ta, TaN, Mo, Ru, Ni, Ti. or alloys of the above
metals.

C. forming recesses

Referring to figure 1B, we form recesses 34 in the substrate 10
adjacent to the disposable spacers 32 and adjacent to the isolation regions 14.
The recess preferably exposes at least a portion of the isolation sidewalls. The
silicon recesses are preferably formed by a selective etch process using the gate
structure and the isolation regions 14 as etch masks. The selective etch process
can be an anisotropic, isotropic, or a combination of anisotropic and isotropic etch
processes. In this example embodiment (Fig. 1B), the silicon recess is formed by

an isotropic etch process, hence there is some undercutting beneath the horizontal
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Referring to figure 3, we deposit a dielectric |ayer
42 over the substrate surface, the gate structure 21
the pit 38, and the stressor regions 36. The
dielectric |ayer can be conprised of silicon nitride,
or tetraethyl orthosilicate 12 (TEOS) oxide and nore
preferably silicon nitride. The dielectric |ayer can
be conformal. Referring to figure 4, we

ani sotropically etch the dielectric layer 42 to form
stressor spacers 48 on the sidewalls of the stressor
regions 36 in the pit 38 and preferably not on the

si de s of the isolatjion region 14. This al so forms
BT BF doaAboA e ge et Lo ohskcp! Saiterdhe gecess 4 can be
bBiedat ablaad 15pagers are not formed on the STI

sidewal I's, instead, stressor spacers 48 are forned on

the sidewalls of the stressor regions 36. This is
possi bl e because the anisotropic etch is a highly

di rectignal Jljjr?gfd?{:g%%%%so‘r‘}ld@m}ehﬁhﬁg Ca[ﬁ:% ?sgfhgyt@%adjacent

direction n the 'surface is

i n dir ottherisplation regiems t he surface. The stressor
spacers 48 are preferably conprised of silicon nitride
or t Aershemyin figktendsi wedatre siressos)reginng 86 ilinantbee

rédeakes all YrHefsthiskbi %gc',\%]sr&%fesr%lﬁlgﬁ%?%hsg%gg BN tfig cﬂgnﬁéﬁegion of

stressor _regions si SN ormatron o
the dédcele The strassardggions cahdvaveraepsit 88 (¢.ggisomsl Rée dvdep@ssion

BB Pl bt ShPCRSS oal BoB U5y TP rgin
36 and the isolation regions 14. The pit 38 is caused by reduced (e.g., faceted)
growth of stressor material occurring along the STI bounded edges of the source
and drain regions. The growth is reduced (e.g., faceted) because there is no
silicon to grow from at the (e.g., oxide) STI edge. Hence, growth is primarily in the
vertical direction (from the bottom of the recess) and limited growth occurs from
the lateral direction.

The pit 38 can have a depth between 0 and 20 nm and a top
width between 0 and 20 nm. Zero depth and zero width means that the STI (or
isolation) regions are at the same level as the bottom of the recess.

The stressor regions 36 can be formed using an epitaxial

process. The stressor regions 36 are preferably comprised of = Si1Ge;, Si(1-xCx
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I n anot her exanpl e option where the original spacers
32 were not intentionally renoved, sidewall stressor
spacers 48 can also be formed on the stressor regions
36 by first depositing a conformal dielectric |ayer
(e.g., 42) over the substrate, followed by an

ani sotropic etch. 13 F. formng silicide As stated
above, the source/drain extension (SDE) or lightly
doped drain (LDD) ion inplantation is preferably
performed prior to the formation of L-shaped spacers

o28i{.nsBCypwhire s Isétaieed (abare 0.8, ds) isasiNeeri 601 ORG 0.8,
ggcan b?Fﬁ? d or in- # u doped with boron (for
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wﬁ&[@é&;%d WRE RPN, 3helSiE. Xﬁ%ﬁ% HHESH¥Y SE- SItﬁg!/oB@?ﬂ'vﬂ

g erformlonl lon'into
p @@?hﬂﬁ@us ﬁdwectbqukn@wofth@ efetaxizd sfragsar Sat |sdmtwaem l26rami 180

Ik tlvat t he . SDE
o BB S0k ar R GRS Bl R Bbsor s
gteatgrethah e rdueiseeieptt00 and 1300 degrees C for a
durati on between 500 nicro-sec and 5 sec. The fi nal

SID junctions including the SDE regions 60 are shown
in Fig. 5. To formsilicide, we can first deposit a

nmetal |myer foPmihg stressor spacers on the sidewalls of the stressor
regions
In a key step, we form stressor spacers on the sidewalls of the
stressor regions in the pit.
Figures 2 to 4 show an example method to form the stressor
spacers.
As shown in figure 2, we can remove the cap layer 24 and
disposable spacers 32 using a wet etch. It is preferred that hot phosphoric acid is
used for this wet etch step.

Referring to figure 3, we deposit a dielectric layer 42 over the

substrate surface, the gate structure 21, the pit 38, and the stressor regions 36.

The dielectric layer can be comprised of silicon nitride, or tetraethyl orthosilicate

12



essentially Ni, Pt, NNPt, NiPd or Co, or conbinations
thereof) and nost preferably N over the substrate
surface. Then, we anneal the substrate 10 to convert
the netal to netal-silicides (e.g. NNPtSiCGe). W
remove the unreacted netal |layer with a selective
nmetal etch process (preferably wet etch). After this
step, an optional heat treatnment is perforned to form
nmetal -silicides of desired sheet resistance. 14
Silicide layer 54 is formed over gate 20, and silicide
(TEY®) oxdeiandfropresetctarably siticorsmitrider e'@henmslew:c IByer can be
céﬂﬁrrﬁéll i cidation process, the pit spacers 48 do not
owthe netal to react with the stressor materi al

at t Refezdiggtafigiraes, sig mwrom@eﬂwc&n@h g du@wcﬁrﬁﬂayert 0
the_isolation regions 14. pit spacers

42 49 Fqggb%ife%eaé%%qrs 48 orbme\ﬁéciﬁwaelhsmféh% étrm%rgwen% BAdn the pit
38 'é‘ﬁd%r@e?élqy hBdYn g% ﬂgé\ﬁm &Rk i Htrcgrffe?cg{ewt hRUYo forms

strapping Figure owWs an exan'p e vice tha
seeandseRacess 46 anrthe o-shapdg spacens@an fréfehable) spgcersiare not

IR Bloes FiidePallst B s Fatiios ShRte T AR Brragd by the
sidbeais! bsﬁeéﬂt&aséboﬁég)or%l INTHidie poedite bécdlre thd |anils4>trobl1: etch
'Sr%EéE‘bc‘? strai ned channel enbedded FET process

IERcERNAIRIG progcessa sy thepieh ratgdn §1q digggtion normal to the
sEHRS FhGoh RYRESHHAR if BfFeSRA dAMILIE S surface.

The stressor spacers 48 are preferably comprised of silicon
nitride or tetraethyl orthosilicate (TEOS) oxide and more preferably of nitride.
The stressor spacer 48 on the stressor regions sidewalls inhibit
the formation of silicide at the edge of the stressor regions 36 during the subsequent

silicidation process, thus preventing silicide strapping of the Source/Drain to Body.

In another example option where the original spacers 32 were
not intentionally removed, sidewall stressor spacers 48 can also be formed on the
stressor regions 36 by first depositing a conformal dielectric layer (e.g., 42) over

the substrate, followed by an anisotropic etch.
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isolation (STlI) sidewall. This recess is subsequently
partially filled with epitaxial SiGe or SiC. However,
the epitaxial Si X |layer does not grow on the oxide STI
sidewalls and a pit is forned. The reduced growth at
the STI boundaries is undesirabl e because during
silicidation, the siliciding netal is in close
proximty to the source/drain junction edge. Hence
there is an increased risk of source/drain to 15 body
strapping with such a structure. Wen source/drain to
body stF.ap gskpfipsiliegyeond the S/ D junction, junction
spi king occurs and the SID and body will be shorted.

This wi || Abstaled abdesithe sbardeltirain ¢ktension (SDEY bngghtly
ption numerqus

In th bove d
BhER P LR bR malaaian poveipralyipeder heuanpEiodee formation

o\eLﬂsﬁapé@sﬁéﬁééﬂsnwg1 ndtRhelmgsses, etc., in order to
provide a nore orough understandlng of the present

i nvent i onAs staied abrv¢,|tbe strassdrgegions\da ¢an beahdapedt dran-

sR@%Be&%th'H&% fB??—‘F%qn% mp[ﬂ{)éﬁ?(jr?ﬂ?aﬁgﬁhg#j ates are

ment s eC| var brand of
equi prent Inttbea:aeé IWEHere Itﬂie virédsopeegibrs 3658re uhgeeattduriigthe

killed in the art that the i nvention may
e‘égae’ﬁ?'éifi’wﬁb&e W'?q{ﬂhpnt'ﬁ@&‘t%@’h{?‘lt%t § ¥/ Lhraiqns.
| NSt ancesTo Wehpldta e dBYies EsTicARYS, mer%?anné’eﬁ &Lde%@%

in detail in order to not unnecessarlly obscure't

cpiriesant to actaate Bre SRE arsLiG tegiens. Mreferakly weagseha &TA process
wWithSFlehRfedatufl BEAMWERN SHPREE 1356 degrees C for a duration between 500

micro-sec and 5 sec. The final S/D junctions including the SDE regions 60 are
shown in Fig. 5.

To form silicide, we can first deposit a metal layer (e.g.,
essentially Ni, Pt, NiPt, NiPd or Co, or combinations thereof) and most preferably
Ni over the substrate surface. Then, we anneal the substrate 10 to convert the
metal to metal-silicides (e.g. NiPtSiGe). We remove the unreacted metal layer with
a selective metal etch process (preferably wet etch). After this step, an optional

heat treatment is performed to form metal-silicides of desired sheet resistance.
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i nsul ating materials, conductive materials and

appar atuses for depositing and etching these
materials, it is not limted to the specific materials
or apparatuses but only to their specific
characteristics, such as conformal and nonconfornmal,
and capabilities, such as depositing and etching, and
other materials and apparatus can be substituted as
is well understood by those skilled in the

m croel ectronics arts after appreciating the present
Sllfbi’@éﬁdy@%ar@s fe!"r‘rh%ﬁ%v%?‘ 5ie°2(?1|a\‘1d§ c?edla &P%Y& i%gmeggggr
nuneri cal val ue and ge S e |n preted as
SHepsQ repiPne dbmat e as |f t he word about or

approxi mately preceded the val ue of the value or
range. Gven the variety of enbodiments of the present

i nvent i onDudisy thelsicilabien pradess ahe it SPBEEFs 48 HOMoRAbW the
illustrat] ogmshow not be taken as limting the scope

mgtat tog eArUithihe $iRsSEr Binterial iah K esipe ofdheiskiergor negions 36
[ r I

e TR AR gt DR o, e ol SR Blibesor spqoers) 48
prexané silicidetframn ishoiagithe &/Btanddbdsly. t hose  skilled in

the art that various changes in formand details may

be nmade without departing fromthe spirit and scope

of the invention. It is intended to cover various

modi i c@t i orsxamplesofsdarcezdraimgebedy strappipg ocedur es,

and the scope of the appended clains therefore should

be accor dE@UIHE shovgdrsexamplerab eetexidedthatbassotroe/drain to

body strapping (shorting). As shown in figure 6, the silicide (source/drain body
strap) over the raised S/D region form shorts 70 to the substrate (body) along the
edge of the STI 14.

In a typical strained channel embedded FET process, a recess
etch is first performed in the silicon substrate, exposing the shallow trench
isolation (ST1) sidewall. This recess is subsequently partially filled with epitaxial
SiGe or SiC. However, the epitaxial SiX layer does not grow on the oxide STI
sidewalls and a pit is formed. The reduced growth at the STI boundaries is
undesirable because during silicidation, the siliciding metal is in close proximity to

the source/drain junction edge. Hence there is an increased risk of source/drain to
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enconpass all such nodifications and simlar
arrangenents and procedures. 17 Wat is clained is:
CLAIMS 1. A nmethod for formng an integrated circuit
conprising: providing a substrate prepared with
Isolation regions and a gate of a transistor on a
device region within the isolation regions; recessing
the substrate in regions adjacent to the gate and
isolation regions to create recesses; fonning
stressors in the recesses, the stressors induce a

bstly etrappingavitthauehed str@gien WikeneairBe/dfsin 3 bedy vhap @kfénds
a stress )’ rlses a top.surface having a horizontal
bgyrRg the SARyugctian HHIHgN SEHiINDACGER gnphiae B4 anddypdy will be

sﬁéﬁéé‘%u@@wltIBSdWBé&lﬁé‘?ﬁburé"'th the horizontal portion
| ocated adjacent to e gate and the sl oping portion

| ocat ed adjacent to the i sol ation region; and form ng
di el ecthli ¢ dJtan=lmiiing pxampde emhadimandsi ng portions of

t he essor wherein the dielectric stressor
spac &‘ %ﬂY@@%PW'?t&W@?WrﬁH@@' 'Gfdeltéﬂ§ g et forénd

sdéRBs flo® @%Ypre%su?@‘@etﬂﬁé@qglc%es%l | B! iMBRIG D pkd\Rde a more

stressors conmpri ses silicon forne by epl taxl a
tharewgtn Understangdingofshepresintinventiosi Baese skillatén thet arouiill

{%lrz%ltﬁémowé@k&%ﬂﬁ%ge;e% n%% tfrF p? 2}6 g@)ﬁsﬂaﬁ%r grfﬁj (laiLﬁ%rlngnt specific
astl wvalﬂ;sanya‘r(an@nesbmérad obe;qmﬁmeahﬁ) another. It will be obvious,
however, to one skilled in the art that the present invention may be practiced
without these details. In other instances, well known process have not been
described in detail in order to not unnecessarily obscure the present invention.

Although this invention has been described relative to specific

insulating materials, conductive materials and apparatuses for depositing and
etching these materials, it is not limited to the specific materials or apparatuses but
only to their specific characteristics, such as conformal and nonconformal, and
capabilities, such as depositing and etching, and other materials and apparatus
can be substituted as is well understood by those skilled in the microelectronics

arts after appreciating the present invention
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4. The method of claim3 wherein the stressors
conprises silicon fornmed by epitaxial growh,
including SiGe, SIiC and SiBGe. 5. The nethod of claim
| further conprises: form ng source and drain of the
transistor in the stressors; and formng silicide
contacts on surfaces of the stressors unprotected by
the dielectric stressor spacers. i8 6. The nmethod of
Main: 5 *herein the stressors conprises silicon forned
by epitaxial growh, including Side, SiC and Si BCe.

7. The nethod of claim5 wherein formng the stressors

resul in forming pits between the s|oping portions
of H!r&ﬁ%?sr%‘g'(?ﬂ]@ %t&di%wfzﬁt‘%@aﬁbglumﬁgtcagvaltm@ndet hod
ahgé& kBRbUTY ibehRsr B i R
e e A T SN
agieprgmately mHecegadibe wlue bithmvalwher minge. t he gat e

i ncl udes . i | | agers and . . ; \

saori 11 oi SARRENART QP PRimeri® 8 FachiBrent dpuacdosust
Cesdritbext, e gb dvee Hesdription SindeBsfatioR8 6A6W P BBAKS Sas limiting the

rennvtpﬁﬁthe sacrifijcial spacers, depositing a

*GPRF BEHT RECPEYdnvemion gy thpslaimed

While the invention has been particularly shown and described

with reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. It is intended to cover various
modifications and similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.
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ani sotropically etching the dielectric layer to form
the. dielectric stressor spacers. 10. The nethod of
claim9 further conprises: form ng source and drain of
the transistor in the stressors; and form ng suicide
contacts on surfaces of the stressors unprotected by
dielectric stressor spacers. 11. The nethod of claim
10 wherein the stressors conprises silicon forned by
Whagjsiclegimédals: growt h, including SiGe, SiC and SiBUe. 12.
The nethod of claim 10 wherein fbnning the stressors
results in fanning pits between the sloping portions
of the stressors and isol atLofMBegi ons. 13. The net hod
of claim 12 wherein the stressors conprises silicon
formed by epitaxial growth, including SiGe, SiC and
1. SiBGe, 14 méthedférodmhimg ahontegratpdariseiticompdsiogor devi ce
conpri.si ng: 9 providing,a bstrate prepared.wth.an
" ok Srsubiten eyt At i o PAEF B Of o on a
devid€Ydgish WRBIUNS sbREHE BBiordsOr M Ng a recess in the device
region between the isolation region and device )
f eaeespung thesphitvate ia regipasadbacenhiothe gate @ad tsolatina regions to create
ressor induces a stress in the substrate under the
recessces . .
evice feature, wherein the stressor conprises a top

Surfbmagifg bRasdsig i@ tHeQecea ] thk spessbisdAdiie@ stress in a channel region
beneath the gate, wherein a stressor comprises a top surface having a horizontal portion and a
sloping portion relative to a top surface of the substrate, with the horizontal portion located
adjacent to the gate and the sloping portion located adjacent to the isolation region; and

forming dielectric stressor spacers on the sloping portions of the stressors, wherein the

dielectric stressor spacers reduce silicide strapping of the source and drain to body.

2. The method of claim 1 wherein the stressors comprises silicon formed by epitaxial

growth, including SiGe, SiC and SiBGe.

Bl The method of claim 1 wherein forming the stressors results in forming pits between

the sloping portions of the stressors and isolation regions.

4, The method of claim 3 wherein the stressors comprises silicon formed by epitaxial

growth, including SiGe, SiC and SiBGe.

5. The method of claim 1 further comprises:
forming source and drain of the transistor in the stressors; and
forming silicide contacts on surfaces of the stressors unprotected by the dielectric

stressor spacers.
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sl oping portion relative to a top surface of the
substrate, the horizontal surface is |ocated adjacent
to the device feature and the sloping portionis
| ocated adjacent to the isolation region; and formng
a dielectric stressor spacer on the sloping portion of
the stressor. 15. The nethod of claim 14 wherein
formng the stressor results in formng a pit between
6. t hellelmghadopdaiti Hwhefeirt the sstssessompaises siBalinatbimel by epitaxial
region. .16,. The et f clam 15 wherein the
gr°‘§ﬁ1r5§ ngc%‘ﬁ}ﬁrggggn‘gﬁglc%on formed by epitaxi al
growth, including SiGe, SiC and SiBGe. 17. The nethod
of clain. 14 wherein the device feature conpri ses a

7. gatheohethod piglsins$ wherimdforfing the stressomsresids in foomirigmyts between
th fli rst and se ﬁindtrecessﬁﬁs Oﬁﬁﬂ acent to the gate and the
© PSBBLPOIYTP 8gI6AH CHAE “F SINTHY FPPEY and second
stressors in the first and second recesses; formng
first and second dielectric stressor spacers on the =
8. s| obieracthest of dpisn dvherein thiestessomrrempsiseheiliean fesged by epitaxial

d. o 0 rain of the transistor in the
o A USRS,

essors. od of claim 17 wherein the
gate includes L-shaped gate sidewall spacers and

sacrifi cbalﬁfspacers over the gate sidewall spacers,
9. andtheqpethed of sleiHd HECIME di el ectric stressor spacers

COMRE b€ nclddRERYdnafed fifte SiaewAll bfcals 2RR35& R ial spacers over the gate

sidewall spacers; and
forming dielectric stressor spacers comprises
removing the sacrificial spacers,
depositing a dielectric layer on the substrate, and
anisotropically etching the dielectric layer to form the dielectric stressor

Spacers.

10.  The method of claim 9 further comprises:
forming source and drain of the transistor in the stressors; and
forming silicide contacts on surfaces of the stressors unprotected by dielectric stressor

Spacers.

11.  The method of claim 10 wherein the stressors comprises silicon formed by epitaxial

growth, including SiGe, SiC and SiBGe.

12.  The method of claim 10 wherein forming the stressors results in forming pits between

the sloping portions of the stressors and isolation regions.

13.  The method of claim 12 wherein the stressors comprises silicon formed by epitaxial

growth, including SiGe, SiC and SiBGe.

14. A method for forming a semiconductor device comprising:
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depositing a dielectric |layer on the substrate, and
ani sotropically etching the dielectric layer to form
the dielectric stressor spacers; and further
conprises formng silieide contacts on surfaces of
stressors unprotected by the dielectric stressor
spacers, 20 19, The nethod of claim 17 wherein formng
the stressors results in formng pits between the
s| apovidingersubsirate pifepiriee vsthransisaatsoramregionsidjagentdma device region
.regions %0. The method of claim 19 wherein the gate
with g devicrefeature URIESBY gate sidewal | spacers and
SagbirhingladbcesPRGRE Jo@¥SFegtdiocRbe thé Sofibh r&icit &idBdevice feature;
and: wherein formng the dielectric stressor spacers
corfpriiggg stregsabin the redgss, Hrwaitnessos inducespadepsin the substrate under the

oo SRR 8RRy LK o RUELs B SHRE L iy cBpion ot

slopifiepGitioe sdativeapatey Sirfare df tHelsubditike, Sl irizeaial fupfadt ocated
.suicide contacts on surfaces of stressors unprotected .
adjaggntitp ghe devigedeatyieand theslapipg pprivaislocated adjageat fotde dgolation
IegBRQﬁhng a transistor conprising: providing a substrate
wth a device region defined thereon, wherein the
sulfstmiage didectpc stpss@dcspatdr lonitboslaping portegioditise stressor.
surroundi ng the device region and a gate on the device
regi on;
15.  The method of claim 14 wherein forming the stressor results in forming a pit between

the sloping portion of the stressor and isolation region.

16.  The method of claim 15 wherein the stressor comprises silicon formed by epitaxial

growth, including SiGe, SiC and SiBGe.

17.  The method of claim 14 wherein the device feature comprises a gate of a transistor and
further comprises:

forming first and second recesses adjacent to the gate and the isolation region; and

forming first and second stressors in the first and second recesses;

forming first and second dielectric stressor spacers on the sloping portions of the first
and second stressors; and

forming source and drain of the transistor in the stressors.

18.  The method of claim 17 wherein the gate includes L-shaped gate sidewall spacers and
sacrificial spacers over the gate sidewall spacers, and:
wherein forming the dielectric stressor spacers comprises
removing the sacrificial spacers,
depositing a dielectric layer on the substrate, and
anisotropically etching the dielectric layer to form the dielectric stressor
spacers; and
further comprises forming silicide contacts on surfaces of stressors unprotected by the

dielectric stressor spacers.
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etching the substrate to formfirst and second
recesses in the substrate adjacent to the gate and
i solation regions; formng stressors in the recesses,
wherein a stressor conprises a top surface having
hori zontal and sl oping surface portions, the
hori zontal surface portion is |ocated adjacent to the
gate and the sloping surface portion is |ocated
19. adj Beentthodof ¢Heim §bwvaticonformgigahe stagsdors oesuitngn forming pits between

ielectric s sSsor _spacers .on the sloplng surface
the B ghaicdy oF 1 EBisoBLRRE g et ol hod of o ams 21
wherein: the gate includes L-shaped gate sidewall
spacers and sacrificial spacers over the gate

SI &@W&D?thgfbaf:@ﬁ@l I%Wheﬂemﬁhﬁ@teﬂh@udﬁsé el‘@ﬂppql gatgtSIdQWgB ispacers and
sac%@&é?les% Ceg:sog(per ﬁ ate §18ewz\1’l, al%c(t:rrgean%acrl ficial spacers,

er on the substrate, and

annﬁlﬁﬁrelﬁﬁmﬁhg yheedlelbuﬁl sﬁlss@oﬂs;ﬁbﬁgbdsmpméeayer to form
the dielectric stressor spacers. 23. The nethod of
cl ai m 2xemgyingdhe %ﬁﬁ?@%ﬁ@cerﬁﬂorm ng source and drain

of the 'deBBshidd LliclRuldieyS!dndAE MiRjraRitha 21 fOrm ng

silicide ont s on surfaces o ressors

unpr ot ecinésdtrbyichlheetdhiap dat diclectris layes soformphe siressor spacers; and
further comprises forming silicide contacts on surfaces of stressors unprotected by the

dielectric stressor spacers.

21. A method of forming a transistor comprising:

providing a substrate with a device region defined thereon, wherein the substrate is
prepared with isolation regions surrounding the device region and a gate on the device region;

etching the substrate to form first and second recesses in the substrate adjacent to the
gate and isolation regions;

forming stressors in the recesses, wherein a stressor comprises a top surface having
horizontal and sloping surface portions, the horizontal surface portion is located adjacent to
the gate and the sloping surface portion is located adjacent to the isolation region; and

forming dielectric stressor spacers on the sloping surface portions of the stressors.

22.  The method of claim 21 wherein:
the gate includes L-shaped gate sidewall spacers and sacrificial spacers over the gate
sidewall spacers; and
forming the dielectric stressor spacers comprises
removing the sacrificial spacers,
depositing a dielectric layer on the substrate, and
anisotropically etching the dielectric layer to form the dielectric stressor

spacers.

23.  The method of claim 21 further comprises:

forming source and drain of the transistor in the stressors; and
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24, The nethod of claim 21 wherein form ng the
stressors results in formng a pit between the
sl opi ng surface portions of the stressors and
i sol ation regions. 25, The nethod of claim 24 wherein:
the gate includes L-shaped gate sidewall spacers and
sacrificial spacers over the gate sidewall spacers;
and formng the dielectric stressor spacers conprises
r erfoxing stlivelesmotactsi oni satfasgsad dhesstresropovinrotacted by the dielectric
Stredloelectrlc | aver on the substrate, and anisotropically
%i&ﬂ?ﬁglthe dielectric layer to formthe dielectric
stressor spacers. 26. The nethod of clam 25 farther
rises: forn1n§ source _and drain of the transistor
24, | n heamethpdakdpiz 2 hvheres formineshe siressors sesulis insfogning a pit between

the §l?{)1fng§§1r§‘a&f ggtgcgen%%%ﬂgegst%g&%)ﬁrﬁﬁts&gum re%.io%ls.eCt ric
25.  The method of claim 24 wherein:
the gate includes L-shaped gate sidewall spacers and sacrificial spacers over the gate
sidewall spacers; and
forming the dielectric stressor spacers comprises
removing the sacrificial spacers,
depositing a dielectric layer on the substrate, and
anisotropically etching the dielectric layer to form the dielectric stressor

Spacers.

26.  The method of claim 25 further comprises:
forming source and drain of the transistor in the stressors; and
forming silicide contacts on surfaces of stressors unprotected by dielectric stressor

spacers.
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