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 relates generally to
fabrication of sem conductor devices and nore
particularly to the fabrication of sem conduct or

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

mai METHQANDS TRUWEEYRENHO RRBVEMN JiLGIDESARARRING OF

NFETSHRCEDRAUE T BopY (¥ SEARCTINELETOR PEVICESiTH

strain in the tranSQRIRCE/DRAINBTRESSORYpI cal
process, a recess etch is first perfornmed in the
silicon substrate, exposing the STI sidewall. This

recess is subsequemiddkefrblih8@dfMhléntge t axi al Si Ge or

SIC. 1 The inportance of  overcom ng the various
10l fiell ehthedkvention

This invention relates generally to fabrication of semiconductor
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 fransistor channel. In a typical process, a recess etch is first
performed in the silicon substrate, exposing the STl sidewall. This recess is

subsequently filled with epitaxial SiGe or SiC.
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evi denced by the extensive technol ogi cal devel opnent
directed to the subject, as docunented by the

rel evant patent and technical literature. The cl osest
and apparently nore relevant technical devel opnments
in the patent literature can be gl eaned by
considering the foll ow ng patents. US6861318:

Sem conductor transistor having a stressed channel -
Sem conductor transistor for integrated circuits,
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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
fransistor 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




2 - Salicide FET fabricating nethod conprises
perform ng thermal annealing on ion- inplanted
borderl ess contact openings forned by over-etching
deposited dielectric layer. Inventor: Thei,

Kong- Beng. US 6093593: Method of form ng a gate which
provi des a reduced corner recess in adjacent shallow
trench isolation - Gate formation for sem conductor
fabrication has resist protect layer and silicide
regi ons on source and drain. Inventor: Jang,
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providing a gate structure over a substrate; providing
i sol ation regions spaced fromthe gate structure;
form ng recesses in substrate adjacent to the gate
structure and adjacent to the isolation regions;

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 regi ons 4 An exanpl e
enbodi nent provi de sem Con?ﬂh"l VI ce conpri si ng:
a gate structure ov HMANY, © vep 8I"at| on regions

in the substrate; the isolation regions spaced from
the gate structure; recesses in the substrate
adj adergxample ﬁmtgmrae@& ofuibe presemh invaaliak ervides a he
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ress re ave
that can prevent silicide shorting problems

An 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 fo 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.




to the isolation regions; the pit has sidewalls on the
stressor region and the isolation regions; stressor
spacers on the sidewalls of the stressor regions. The
above and bel ow advant ages and features are of
representati ve enbodi nents 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

i nvepr easnslefdnedimgnt frevidel asermicohudier ¢onse der ed
[imtations on the invention as defined by the clains,
COMBBISINGY t at i ons on equivalents to the clainms. For
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pr es ésulation regiasisrigthe subsiditerghe isabitien ragiops speesed from the gate
advant ages are aﬁglifa | e to one aspect of the

i nvention, and i %ﬁ ®able to others. Furthernore,
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stressor spacers on the sidewalis 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




apparent in the foll ow ng description, fromthe

drawi ngs, and fromthe clains. 6 Brief Description of
the Drawi ngs The features and advantages of a

sem conduct or device according to the present
invention and further details of a process of
fabricating such a sem conductor device in accordance
with the present invention will be nore clearly
understood fromthe follow ng description taken in
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equivalence. Additional features and advantages of the invention will become

apparent in the following description, from the drawings, and from the claims.




method to prevent silicide strapping of the
Source/Drain (source/drain) to Body in sem conductor
devices with S/D stressors such as SiGe or SiC For
exanpl e, for enbedded Si Ge (eSi Ge) PFET devices, the
stressor material is epitaxially grown in the S/D
recesses. Following this, the original (disposable)
spacers were stripped and reforned, and in the
process, sidewall spacers were forned on the edge of
the active (or stressor) regions. These sidewal

spacers inhibit the formation of silicide at the
active edge during the silicidation process and thus
prevent silicide ' ainto

Body. In anotherEgkg2%%gﬂgg§#5%hﬁﬁﬁ?§hﬁﬁgELrigina
spac@hs featuees andadvanagesoimsemmondactor dedesal |
Stressor acers .can al so f.or on _th [ e
BelRE oy BRF et it Ang S BRI e dar Bt T pBHicating
suah arsedviesnduitorsddisdd it stcordapiceWigdthBypraseranmaatioo pHit be
etch. 8 Figures 1A to 5 show an exa nbodi nment
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substrate 10 can be conprised of silicon with a (100)
or (110)
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 fllustrating an example of a

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




orientation, a silicon on insulator (SO) substrate,
strained silicon or SiGe wwth varying Ge
concentrations. As shown in figure 1A, we provide a
gate structure 21 over a substrate 10. The gate
structure 21 can be conprised of a gate dielectric

| ayer 18, a gate 20, L-shaped spacers 28 on the
sidewal | s 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
drai n ( LDOyetadlgdiDgacsintion eht Xﬁépﬁ%g meRts or to
the formation of L- shaped spacers 28 (not shown).

Di sposabl e spacers 32 are forned over the L- shaped
spacers 28 of the gate structure. In an exanple

enbodi mnt , Examplpemapdiment pweryigwr i sed of silicon
nitride. Di sposabl e spacers 32 are forned over the

L- shaped spacers 28. 9 The di sposabl e spacers are

pr ef &Y AbiAmi8 %‘?nt?cfdu%bhﬂf &R ?Fégén@ﬁweﬁhsn WRR|oakt @n
regions 14 ‘are spaced from shaped spacers 28.
migtbod & eralieat eifcide striappieg d@@&num/@mfaoyecte/@fam) to Body in

B dlely U Eeey Pom. BegssolT Frdtad oot Bitaaor examle, for
drﬁb@ﬁ)ed SGeiGE) PREEeaicesubb stesshiORatdriaNs@pitaxially grown
1r|1_IfthSe 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.




Gate | ayer 20 can be conprised of poly-crystalline
silicon (polysilicon), or netals such as Ta, TaN, M,
Ru, Ni, Ti, or alloys of the above netals. C formng
recesses Referring to figure 1B, we formrecesses 34
in the substrate 10 adjacent to the di sposable
spacers 32 and adjacent to the isolation regions 14.
The recess preferably exposes at |east a portion of
the isolation sidewalls. The silicon recesses are

pr ef EiaREy 1Aab Bashddy af e8RS bmviBodihtdnt haoingst sumsegr
the gate structure and the isolatian regl ons

sepes Sk thetsidewal|ei the strepear rpeigpeXkthatareveat %PP’SQ shorting.
ani sotropic, isotropic, or a conbination of

ani sotropic and isotropic etch processes. In this

exanpl e enbodi nent (Fig. 1B), the silicon recess is

formed By dpatesryeipie etch process hence there is

some undercutting neath t h r| zontal 10 rtion of
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va%;u% gerceo%%gntrét?cgjl ons 36 filling the

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 |-
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.




recesses 34. The stressor regions preferably put a
stress on the channel region of the device. The
stressor regions can have a pit 38 (e.g., small hole
or depression adjacent to the isolation 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) growh of stressor naterial
occurring along the STI bounded edges of the source

Tﬂ@qj@dc%'aﬁlé SgiceRsareIhefdbBNt Matis of eflusefitl®e.9-The isolation
faceted) because there is no silicon to grow from at

regieng 34 gre spaeaselyorsthe do@perisnaesrsg®owt h is primarily
inthe vertical direction (fromthe bottom of the
recess) and limted growth occurs from the |ateral

di r edThieqate dieteqghid 1a§8r t&cahdecommispt fof Isiéit:maeliom:ieand

20 . top W dth bet d 20
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(SRINPBS ek Hatdf sBaas IHrve! HAR Ot dreissokom of the

r ecess. e stressor regions 36 can be fornmed using an

epi t 3atalayer 86668 betpmmptisasseqioly-sysiafinessiilicane
RIS B8R L3888 Tp o) R, o oft ofbefhone

rﬂleiatasetvveen 0. 1 and 0.8, and are nost preferably
conprised of Si(,_, GeX The Si(1_X GeX can be undoped
or in-situ doped with boron. The Si (I _X Cx can be
undoped or in-situ doped with

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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phosphorous. The thickness of the epitaxial stressor
36 is between 20 and 180 nm Raised S/D regions are
formed when the thickness of the epitaxial stressor is
greater than the recess depth. E. form ng 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 exanple nethod to formthe stressor spacers. As
shown in figure 2, we can renove the cap | ayer 24 and

di sposabl acer.s usd [

S e L ARt o e Hebh oty Bepsa 3 gan e
Baele@t 2O apers0 iaferring 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 |layer can be conprised of

oxi o A e o v Oy (it Aol Rjacent
di el ect fa the fé?éﬁgimhlf?gé@nzconf or mal . .

As shown in figure 1C, we form stressor regions 36 filling the
recesses 34. The stressor regions preferably put a stress on the channel region of
the device. The stressor regions can have a pit 38 (e.g., small hole or depression
) adjacent to the isolation 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 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 ST! (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  Si1.gGeyx, Sij1-xCx
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Referring to figure 4, we anisotropically etch the
dielectric layer 42 to form stressor spacers 48 on the
sidewal | s of the stressor regions 36 in the pit 38
and preferably not on the sidewalls of the isolation
region 14. This also forms second spacers 46 on the
L- shaped spacers 28. Preferable, spacers are not
formed on the STl sidewalls, instead, stressor spacers
48 are fornmed on the sidewalls of the stressor
or &iti. HB.G&, whers xiisbewsesnll. ¢ abd da8isand )his tertiveern Odpacd 0.8,
etch IS directiopal E pro t hus,t he

B0 e raRt Frefer i) aPPREsP O Hermar | BortienCEyFPaLE fgoped or
uﬁcﬁﬁ@ dBhSHWithtHROn | ThelS], é@(stt:,g &h t@@uabd;@éd @rQnIsft@ cﬁm@ﬂamm

he stressor spacers 48 are prefer npri sed

wpspmfﬁum the tickhess of Ff&’e@mgaﬂabﬁtrﬁ‘é%qrﬁ c&taetwemép and 180
2K Q%zs%§§/?ge§;hdg{s%{rgrf&%é/d RheMid Iil&knesd Pﬁs fé’r{:ﬁtﬁg% stressor is

spacer ressor regions sidewa
grdéHefthathhlemecasfs dagdth.ci de 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 exanple option where

t he origi nal forpring stre3gongpacerai on the sidewsllsl of the stressor
renoved, sidewall stressor spacers 48 can al so be

formed GYOBR st ressor regions 36 by first depositing
Subst AV SO Gy LB op B iRl of B8
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

™
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F. formng silicide As stated above, the source/drain
extension (SDE) or lightly doped drain (LDD) ion
implantation is preferably perforned prior to the
formati on of L-shaped spacers 28 (not shown). As
stated above, the stressor regions 36 can be undoped
or in- situ doped with boron (for PFET) or phosphorous
(for NFET). In the case where the stressor regions 36
are undoped during the epitaxial growh, we perform
(T!(‘DS') oRIdendrat more preferablyesiStdn niggde@nshe Tzleunplaybecambe
t\g‘rce fabrication, a thernmal anneal process is
M8l out to activate the SDE and S/ D regi ons.
F’r ef ﬁe@@rlrm w8 flgﬁl% 2 éml@b@@;ﬁééﬂy ¥ch ihé@ dlcpstnes RiyOF e
bet ween 90 1300 degrees C for a duration betwe
4800 form @h’@ssmcspaﬁ@rssfl%% thetsidewaliraef the SteasRtEEIPES $36 In the pit
n g9:
43 Qe ablihorsl e AR By iesoBNaHocih T Thts alS8 forms
seeond spmeﬂﬁlﬁﬂ e LMshap%td spidicBts 28\ efarebl€pspaxers are not

fama pats STt pideualiefose erabiar e 4lpu iREa Ry e
s‘?c%w&lrstofttih’@strﬂﬁoﬂeélgn%@i at h|§'|é b&diisis beBadse Ne@r&cﬁﬁ)p:c etch

We renove the unreacted nmetal layer with a selective

isrethighly tiractinnat Bk prgsiess dhesthie aish ratecin)the dirpeljon pergnal to the
sﬁ‘f%ee isa&ugﬁtiflé?{é?lthan in direction parallel to the 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. i
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heat treatnment is perfornmed to formnetal -silicides of
desired sheet resistance. 14 Silicide layer 54 is
formed over gate 20, and silicide layer 56 is forned
over stressor regions 36. During the silicidation
process, the pit spacers 48 do not allowthe netal to
react wwth the stressor naterial at the edge of the
stressor regions 36 adjacent to the isolation regions
14. Hence, the pit spacers (stressor spacers) 48
preventFsi | iforsénd sfifoigeorting the S/D and body. G
Exanpl e of source/drain to body strapping Figure 6
shows an éxaah@ileé abbve, ithesopece/drain extensionl SBEYpalighttyo

EBPY cFeb BBl IaATE i Aoe PP FnES; B phd6mation
&L%Ha@@tj@@a&@fsrmsmmttSmOM)to t he substrate (body)
al ong t he e of the STI In a typical strained

c A K

channel ed abe*repfrhsc%r%sord’ee@é@ Cayt g updopqd, Qi in-
: t he
B oy PR b (B RPETID,  ccecs

i s subseglrethel c;aspamineralthg stressardegiontd 36pire awidaped gintag the

or, Si C. wever the not grow
FietnLogtha SrproUR T Al Ity I S Rt e
reduced gewomplétetthe d%ﬂceﬁ@bm‘t;hubhes tthermal anneal process is

carried out to activate the SDE and S/D regions. Preferably we use a RTA process

with a temperature between 900 and 1300 degrees C for a duration between 500
micro-sec and 5 sec. The final §/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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undesi rabl e because during silicidation, the
siliciding netal is in close proximty to the
source/drain junction edge. Hence there is an

i ncreased risk of source/drain to 15 body strapping
with such a structure. Wien source/drain to body strap
extends beyond the S/D junction, junction spiking
occurs and the S/D and body will be shorted. This
will lead to device failure. H non-limting exanple
RS VeSS id forhbe c¥epYatedEs ahtpilichie 1aysEs® Iisforped iol/ec
details are set forth such as flow rates, pressure
sies$91T§sions S knesses, etc., in order to provide a
nore thorough understanding of the present invention.
Those skilled in the art will realize that power
settings, Dueisgdiemsi@ciniaﬁm prmssfthewitmﬁesr%&do not allow the

i fi d
S| Gt $BT iettessr et f Bl 188 SRR Helong 36
Fcpkid ih@dscblﬁtldrhﬁeg%ns Ml%eﬁd@?tf@ﬁﬁ@;ﬁﬁc@r@?ﬁfﬁﬁs%s;ﬁ@mrs) 48

be practiced thout these detajls. In other
Arevard silisigde f\V@PIShRHWhB@@e@@ kpslye not been descri bed
in detail in order to not unnecessarily obscure the

present invention. Al though this invention has been
described relative to specific insulating naterials,
conduct Gve nExampls QfaﬂW@@’éfmimb@dYWmmy ting
and etching these material s, i S.No

specific R | éf@m&a%ﬁwgﬁeﬁ&dqﬁftﬁe tthat has source?dralneio
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 (STI) sidewall. This recess is subsequently partially filled with epitaxial
SiGe or SiC. However, the epitaxial SiX layer does not grow on the oxide ST
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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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 mcroelectronics arts after
appreciating the present invention 16 Unl ess
explicitly stated otherw se, each nunerical val ue and
range shoul d be interpreted as being approxinmate as if

bbB? sﬂ@FﬁnQbﬁtﬂis&h a SPtere. el yom@/@eﬂedo bbey vihpexiehds
the val ue or range. G ven the varlet ?[5‘0 glments
b@vomch@ﬁ/&yﬁ@mmw&ﬁﬂpw%@@ oCeis apit S REdheEyvill be

ﬂSﬁ&@'ﬁ’iséS{ﬂl Rad tb HEM%%E‘QMQ”S show not be taken as

scope o present invention defined
by the cI ains. Wiile the invention has been
par t i cular | yrahlmiting ¢xasyde ievtpdinents ef er ence to t he

preferred enbodi nents thereof, it wi e und 00
Dyt ol atiel desanplion HEmaIUs spe0T G et B B ERY | n
sﬁﬁt@ %Egipgrl Gl e%sﬁ?é’s&ﬁn?%cﬁc%é&@ét etcdgRarddrng p?(ﬁ\ﬁ’di@ a more

t an scope of e Invention. It is intended
tharough enderstarsing ointbainrésentioventiand Tpae skitled in the art will

SRBEBN S AL PEFMES R b o AR e ffmont spec
ahtiagid eaty ﬂrcﬁﬁw&fnl@rtﬂ'éﬁd obBgsipmaEmit thanﬁheDrrpHsr&Ii aklobyintis,
hrg\)'v%lvfeal' %g tolng %?(;[Igg in fc’hen;lrltt ratarﬁeg apr}gsen r1“\/86.-1'1 ion n? ! ogg %Parc iced
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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17 What is clainmed is: 1. A nethod of fabrication of a
sem conduct or devi ce conprising the steps of

providing a gate structure over a substrate; providing
isolation regions in the substrate; the isolation
regions are spaced fromsaid gate structure; form ng
recesses in substrate adjacent to the gate structure
and adjacent to said isolation regions; formng

stressor regions filling the recesses; said stressor
regions have a pit adjacent the isolation regions;
sai d [

it has sidewalls on said stressor, regi on and
sai d ierae kY SlRenStanyish. sgoR nHESEGH ik and i n
rhhGe Bhéulghel iRRrsictiayad beindfappabdmatd 85§ Me woRYIzMRY of -
The nmethod of claim1 which further includes: formng
appnrdmataly Meaeded g Wi aldhacehte edieldgat e structure

B R I e
deectbéd, cthdabboes oesaiptiontamel iBostetisas shpacet be taken as limiting the
scope of the present invention defined by the claims.
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. 1t 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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18 3. The nmethod of claim 1l wherein said pit has a
depth between 0.01 and 20 nm and a top w dth between
0.1 and 20 nm 4. The nethod of claim1 wherein said
stressor regions are forned using an epitaxia
process; said stressor region is conprised of SiGe or
SiC. 5. The nethod of claim1 wherein the stressor
regions are conprised of a stressor naterial; said
stressor spacers are conprised of a dielectric
material. 6. A nmethod of fabrication of a

sem conduct or devi ce; conprising the steps of
providing a gate structure over a substrate; said gate
structure conprised of a gate dielectric layer, a
gate, L-shaped spacers on the sidewalls of said gate
Whatieclaimedligiyer, a gate, and over portions of the
substrate surface adjacent the gate; providing

i sol ation regions spaced fromsaid L shaped spacers;

1. & metigdr effasis@sionrof auesticatduciel] deosod cdropridieg thestaps df
spacers_gnd @%ja ent to said isolation regions;

f or MY IdNE &GP SYGIUERSVE § PYPRIAPe recesses: said

St T egpoVigial bl Bt Bredsidiistin tRdb@sandte; the s de@lbns are spaced
regions; said pit has sidewalls on said stressor
regi on and sai d ifsungeidogete shretuse;

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

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

forming stressor spacers in the pit on the sidewalls of said stressor

regions.

2. The method of claim 1 which further includes:
forming source and drain regions adjacent said gate structure in said stressor
regions and
forming silicide regions over said source and drain regions whereby essentially

~
no silicide forms over the stressor spacers.
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form ng stressor spacers on the sidewalls of said
stressor regions and form ng second spacers on the

L- shaped spacers. 19 7. The nethod of claim6 which
further includes form ng source and drain regions

adj acent said gate structure in said stressor region;
formng silicide regions over said source and drain
regions. 8. The nethod of claim®6 wherein said pit has
a depth between 0.01 and 20 nrn and a top wi dth
between 0.1 and 20 nm 9. The nethod of claim®6

BgPeaRAEPG oY DS, WagHAl SHIRGdTE 2 HgpDPoSeb s a0 nm
ofan@a% Qg Betwbn OTHrPeANGH, Of clai m 6 wherei n the

st ressor ;gl ons are conprl sed of a stressor
4rdthermetihod ©aickhimt T whesin spidcdesselregossre semask usng an

di el e I ; ' rein
© hEP B ook strodfor (lBTE LOAMRba Bf BICR B e
i Thé d%thcwhef ebim tihehatine feostraysac eggonnhichiamrised of a stressor

format| silicide at the activ ed ' {
S UBGARI AR FF #308 SPRORIS 8 CRB0TSPR o6 ST pirgonal:
69' J’-\'rﬁétﬂ@d %? fa%‘?ﬂébﬂ& Bf a sbﬁﬁ’co‘?@ﬂbfb?/d@%@bncérﬁ?@ﬁd thelgteps of :

The neth [aim 6 wherein the ste orm ng
str esps@wd:gg aac@atg stmictuie ovel @@umtrai,eoﬁagb@aie §tru@tslg%¢om prised

regions C%?Brda?galelectnc layer, a gate, L.-shaped spacers on the sidewalls

of said gate dielectric layer, a gate, and over portions of the
substrate surface adjacent the gate;

providing isolation regions spaced from said L shaped spacers;

forming recesses in substrate adjacent to the L-shaped spacers and
adjacent to said isolation regions;

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

forming stressor spacers on the sidewalls of said stressor regions and

forming second spacers on the L-shaped spacers.
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1) forming a dielectric |layer over the substrate
surface, the gate structure, the pit, and the
stressor regions; 2) anisotropically etching said
dielectric layer to formstressor spacers on the
sidewal | s of said stressor regions. 20 13. A

sem conduct or device conprising: a gate structure
over a substrate; isolation regions in said substrate;
said isolation regions spaced fromsaid gate
structure; recesses in substrate adjacent to the gate

72 A A BT P BE GO B oo

r egj@dernauR! Gatpistruatliradresdid strbésdrs'e@@ht on r eg| ons,
said pit has si de‘galls on said stressor re

on and
sai d i sol dergigr g§rigrdedisps Qg‘éro?a"éﬁ%'"&fe§q rtaHbrleOt”Son

the sidewalls of said stressor regions. 14. The
sem conductor device of claim 13 which further
8i nﬁmmdmsh@bu&@aiﬁaﬁdvhﬁfathrsaid Big ham@ deptmbetiecsd).01 gade?0 nm

stru re i S silicide regions
Fologrido BRledlo AR 20 B8t one
9. The method of claim 6 wherein said stressor regions are formed using an
epitaxial process; said stressor region is comprised of SiGe or SiC.
10. The method of claim 6 wherein the stressor regions are comprised of a

stressor material; said stressor spacers are comprised of a dielectric material.

11. The method of claim 6 wherein the stressor spacers are comprised of silicon
nitride; whereby the stressor spacers inhibit the formation of silicide at the active
edge during the subsequent silicidation process, thus preventing silicide strapping of
the Source/Drain to Body.
12. The method of claim 6 wherein the step of forming stressor spacers on the
sidewalls of said stressor regions comprises:
1) forming a dielectric layer over the substrate surface, the gate structure, the
pit, and the stressor regions;
2) anisotropically etching said dielectric layer to form stressor spacers on the

sidewalls of said stressor regions.
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15. The sem conductor device of claim 13 which said
gate structure is conprised of a gate dielectric

| ayer, a gate, L-shaped spacers on the sidewalls of
said gate dielectric layer, a gate, and over portions
of the substrate surface adjacent the gate. 21 16.
The sem conductor device of claim 13 wherein said pit
has a depth between 0.01 and 20 nmand a top width
between 0.1 and 20 nm 17. The seni conductor device of

16! @ BehdcotRicRir HevReEobiprdspr regions are formed
using an epitaxial process; said stressor region

corrpﬁigé’é%ls \G‘Ctgfec%‘{e"f’Bﬁ’UbﬁV@@em conduct or devi ce of
cl ai @o?ﬁio‘?ﬂ%{;%h@ ir Q&d%hb@ﬁ"é%f; 5895880 rRFRiorfOSRIdeaedm said

of a stressor material; sald stressor spacers are
conpri sedgete sirudtwbectric material. 19. The

SpacEreegre  ubnpprCadesthabid gt A e 4t RN seic

stressor ppRGBhJegiBAsLit the formation of silicide in
the pit during the subsequent silicidation proce

, SS,, ;
t hus giressentaoins fling tbedecessesppiif §ireps e BaYP iRl pgiacent

Body. 22 ihe jsolation regions; said pit has sidewalls on said stressor region
and said isolation regions;
stressor spacers in the pit on the sidewalls of said stressor regions.

14. The semiconductor device of claim 13 which further includes source and drain
regions adjacent said gate structure in said stressor region;

silicide regions over said source and drain regions.

15. The semiconductor device of claim 13 which said gate structure is comprised
of a gate dielectric layer, a gate, L-shaped spacers on the sidewalls of said
gate dielectric layer, a gate, and over portions of the substrate surface
adjacent

the gate.
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16.

17.

18.

19.

The semiconductor device of claim 13 wherein said pit has a depth between
0.01 and 20 nm and a top width between 0.1 and 20 nm.

The semiconductor device of claim 13 wherein said stressor regions are

formed using an epitaxial process; said stressor region comprised of SiGe.

The semiconductor device of claim 13 wherein the stressor regions are
comprised of a stressor material,

said stressor spacers are comprised of a dielectric material.

The semiconductor device of claim 13 wherein the stressor spacers are
comprised of silicon nitride; whereby the stressor spacers inhibit the formation
of silicide in the pit during the subsequent silicidation process, thus preventing

silicide strapping of Source/Drain to Body.
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