An Enbedded Stressor Structure and Process Background
of Invention 1) Field of the Invention This invention
rel ates generally to devices and nethods for the
fabrication of sem conductor devices and nore
particularly to the fabrication of FET s having
enbedded Source/Drain regions. 2) Description of the
Prior Art It is now well-known that Si Ge can be
enbedded into the S/D regions of PFETs to generate
uni axi al stress in the silicon channel. This in turn

i ncreases the carrier nobility and thus enhances the
PFET devi ce performance significantly. However, the

i ntegration of enbedded SiGe (eSiGe) into the nornma
CMOS process flowis extrenely chal l engi ng. The extent
of performance enhancenent al so depends strongly on
the stress generated by the SiGe itself, the active
dopant concentration in the eSi Ge and the

conmpat i Wﬁfi ners _overlying the

t r andiRt messmro&mmeturevampdnﬂmcess
t he various def|C|enC|es noted above is evidenced by
t he extensive technol ogi cal devel opnent directed to
the subject, as docunmented by the rel evant patent and
technical literature. The 1 cl osest and apparently
nore rel evant technical devel opnents in the patent
literature can be gl eaned by considering the foll ow ng
patents. US6861318: Sawkgooud obinverdion st or having a
stressed channel

1) Field of the Invention
This invention relates generally to devices and methods for the
fabrication of semiconductor devices and more particularly to the fabrication of

FET's having embedded Source/Drain regions.
2) Description of the Prior Art

it is now well-known that SiGe can be embedded into the S/D
regions of PFETSs to generate uniaxial stress in the silicon channel. This in turn
increases the carrier mobility and thus enhances the PFET device performance
significantly. However, the integration of embedded SiGe (eSiGe) into the normal
CMOS process flow is extremely challenging. The extent of performance
enhancement also depends strongly on the stress generated by the SiGe itself,
the active dopant concentration in the eSiGe and the compatibility to stress liners

overiying the transistor structures.

The importance of overcoming the various deficiencies noted
above is evidenced by the extensive technological development directed to the

subject, as documented by the relevant patent and technical literature. The
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" - Sem conductor transistor for integrated circuits,

conprises source and drain forned in source and drain
recesses, respectively, source and/or drain being
made of filmmaterial, which is fornmed to have second
| atti ce having second spacing Inventor: Mirthy,
Anand; US6531347: Method of making recessed source
drains to reduce fringing capacitance - Mnufacture
of sem conductor device involves formng source and
drain regions that are recessed at prescribed depth
bel ow sem conductor substrate surface |nventor
Huster, Carl US20050079692A1: Methods to fabricate
MOSFET devi ces using sel ective deposition process -

rlgspsictd appasenill MoEd FRiewE dedwisat dewrlopmgnst indhe patent
REfdEREcATBOLkER AR ik he BT aeRe.

I con-cont dl ni ng y~ ‘exposi n 0 spécified
first and second process gases, respectively Inventor:

S il , ArkadiJj US20050104057A1:. Met hod f
ot ot ur R 8 S RO g PEREPEEIOF DYt Hiessed channel
Meguthia6hdli®oof arsisto ff tnteBiAbd exbie, SENhESEYSI8E and drain

transistor structure conprises creating intentionally
Fesdagorisgi K drain wgrsreorespastvelpniuse angdar raipbeing

Ao TPt P LAY Fhic s AL Bl ERERE B4l g pBoone

$182005 0038606 Murtigpdcandf or a gate el ectrode havi ng

Lo Rk RS Tl et o f g g recuce
Rindirpéaparitihcd- MaaSuRS oPSRIEohduclord Agd8involves forming
source and drain regions that are recessed at prescribed depth below
semiconductor substrate surface
inventor: Huster, Carl

US20050079692A1: Methods to fabricate MOSFET devices
using selective deposition process - Fabrication of silicon-based device on
substrate surface involves depositing first and second silicon-containing layers by
exposing to specified first and second process gases, respectively Inventor:
Samoilov, Arkadii V.; Sunn

US20050104057A1: Methods of manufacturing a stressed MOS
transistor structure - Manufacture of stressed metal oxide semiconductor
transistor structure comprises creating intentionally recessed region in region of
semiconductor material, and creating layer on surface of recessed region to
induce tensile stress - Inventor: Shaheed, M. Reaz;

US20050136606A1: Spacer for a gate electrode having tensile

.stress and a method of forming the same - Inventor: Rulke, Hartmut

By reducing a deposition rate and maintaining a low bias power in a plasma
atmosphere, a spacer layer, for example a silicon nitride layer, may be deposited

that exhibits tensile stress. The amount of tensile stress is controllable within a



at nosphere, a spacer |ayer, for exanple a silicon
nitride |ayer, nmay be deposited that exhibits tensile
stress. The anount of tensile stress is controllable
within a 2 wide range, thereby providing the potenti al
for form ng sidewall spacer elenents that nodify the
charge carrier nobility and thus the conductivity of
the channel region of a field effect transistor.
US6902971: Transistor sidewall spacer stress
nodul ati on - Fabrication of sem conductor, e.g. netal
oxi de sem conductor transistor, by formng gate

el ectrode on gate dielectric, thermally depositing

SI licon nitride spacer film nodulating stress
iR BHIGS: thareley providing:the patentjal ferdoenipnisidpwall spacer elements

T A TN T

regisn béadietdheffexd tragsibirr at e and met hod of naki ng the
sanme - Fornmati oxide, s conductor field
ef f ect tran3|%§@%gﬁgef'@@§ Fﬂ@’@"é’l’ﬂiﬁ%@é’?f siesRpReation -
Fb@hcaﬂdﬁﬁcﬁi%‘hﬂéoﬁcﬁféﬁjﬂ 8. gsme@alrmdb SdrhiceRAudtdy Ransistor, by
I nventor: Ngo, - shows nitride stress |ayer

fRrering gete elsctsaﬂﬁm%n gaf@fdl@!ﬁétﬂpnmﬁmatbmdwmw@u¢crmnrtrsie spacer
B! t -

B o R e BB  SoliBe P, DY g -

(VENY)r: Bavdovesks Faut Al n%ﬂstmclﬁﬁn@elted\ﬁltalbs B America

characteri zed nbod ,
structures anld@ﬁg{:%d@‘@?é@?% 'alﬁtor wilh terisif? strained
substrate and method of making the same - Formatlon of metal oxide
semiconductor field effect transistor involves high compression deposition that
increases tensile strain in silicon layer - inventor: Ngo, Minh V.; - shows nitride

stress layer over gate.



FET with Enbedded Stressor S/D regions (e.g., SiGe), a
doped | ayer below the enbedded S/ D regi on adjacent to
the isolation regions, and a stressor liner over
reduced spacers of the FET gate. An exanpl e nethod
conprises the following. W provide a gate structure
over a first region in a substrate. The gate structure
is conprised of gate dielectric, a gate, and sidewal |
spacers. W provide isolation regions in the first
region spaced fromthe gate structure and a channe
region in the substrate under the gate structure. W
formS/D recesses in the first region in the substrate
adj acent to the sidewall spacers. W form S/ D stressor
regions filling the SSD recesses. The S/ D stressor

regi ons can be thi Ckgbrr?rﬂiaﬁfgmhetﬁwtenﬁ gate. struct ure
a

than adjacent to the 1 Oh reglions.” W inpla
dopant I ons iTiiecerhbedifidnts eittlhesm%erﬁ@g!enmn@ﬁﬂ/ldélta%tructure

substrate bel.o the S/ sor ns adj acent
B39 2 Mt as dp e SR Re I EMeGT Tiatsistre L E et b pstrained

%ﬁghrﬁm%\{hlaﬂ‘% éhla@ééfénfé@ﬁa@p%wfsl cation describe
addi ti onal exanpl e nbodi nents. The above and bel ow

advant ages and features are of represent ative

embodi ment s @a%pl@%ﬂlb%ﬁﬁfngﬁts ﬂgé&hg a%ricrgkeﬂgqgs for forming an

excl usi ve. They "are presente
IEIE(T ewitt BEnmticadet] [BtrdssueBiD myiond (esdjto 8iGk)ha dopsd dﬁ@‘r@;@(bw the

t th re not repr etatlve of all the inventio
G0 /B Ra adid it T Berso ot restensy ol A SasSGHger over

eéudcl@e JpRKEMRtdfaRe FETARitened by the claims, or
limtations on equivalents to the clains. For

i nstance, sorf¥ dfanplesecthad senraprisesshe following. We provide a gate
structure over a first region in a substrate. The gate structure is comprised of

gate dielectric, a gate, and sidewall spacers. We provide isolation regions in the
first region spaced fro'm the gate structure and a channel region in the substrate
under the gate structure. We form S/D recesses in the first region in the substrate
adjacent to the sidewall spacers. We form S/D stressor regions filling the S/D
recesses. The S/D stressor regions can be thicker adjacent to the gate structure
than adjacent to the isolation regions. We implant dopant ions into the S/D
stressor regions and into the substrate below the S/D stressor regions adjacent to
the isolation regions to form upper stressor doped regions.

The claims and specification describe additional example
embodiments.

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 fimitations on the invention as defined by the claims, or

limitations on equivalents to the claims. For instance, some of these advantages
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may be nutually contradictory, in that they cannot be

simul taneously present in a single enbodinent.
Simlarly, some advantages are applicable to one
aspect of the invention, and inapplicable to others.
Furthernore, certain aspects of the «clained invention
have not been di scussed herein. However, no inference
should be drawn regardi ng those discussed herein
relative to those not discussed herein other than for
pur poses of space and reducing repetition. Thus, this
sunmmary of features and advantages shoul d not be
consi dered di spositive in determ ning equival ence.
Addi ti onal features and advantages of the invention
may bepagbiadly captadietory.iin that dhevoransiit hg siredléangsiistyrpresent in a

f
HEE e o e O oL R one st o
tvianeretpes aodl irapptialde holutiteos. Figthecroray cedniti axpetts dftthe
&resgggwlnven i on d f ur.t her taLIs of a process of

ZEPEE VPR Bads ”8 SFHRset SereiByiiewersr. se dyptRtceshould
%H%Wﬁ%@’r@ﬁ@ﬂhoéé‘ﬂ[@&ﬁés@ﬂ Hedrdih rBRitivaes &o%b%‘t H¥cussed herein
understood fromthe follow ng description_taken in
ebwr thestfiop AuoskS of ﬁ@%@@@ﬁymgeaewwm d&up rthigrswnmary of
b Grel GhE ﬁ@%ﬁt#@%g%ﬁ?hlﬁ rﬁ)?ﬁb%ﬂ&%egédﬁl ?(SSI{?\FG in determining
correspondi ng elenents rons an i'ons” an
a@uluﬁene‘e dhdditiorial fdatoneglang aiventages&f!;tm:mwenmm willdveome

f [ t nmet hod f act d .
epraet! WA B0 oo Rl i 40F Brahis sk ram S gteims.
according to an exanpl e enbodi nent of the present

invention. 6 Detailed Description of the Exanple
Enbodi nent s



The exanpl e enbodi nents of the present invention wll
be described in detail with reference to the
acconmpanyi ng drawi ngs. The exanple enbodi nents
provide a nmethod of form ng a FET with Enbedded
Stressor S/D regions, that can conprise one or nore
of the follow ng features: a upper stressor doped
regi on that extends bel ow t he enbedded S/ D region,
reduced wi dth spacers on the FET gate structures and
a stressor |iner over the spacers of the FET gate. A
NFET gate structure and PFET gate structure Referring
to figure 1, we provide a NFET gate structure 22 over
a NFET region 16 in a substrate 10 and PFET gate
structure 20 over a PFET region 14 in a substrate 10.
The NFET gate structure 22 can be conprised of a NFET
gate dielectric 32, NFET Channel region 31, a NFET
gate 36, NFET gat BriehPesngplianef thé @ramnidgsi dewal

spacers. The cers can, be c rised of .one or re

| ayers. For Tzngﬁ%t'uges ?%a@f%ﬂa&ﬁ os?)ggrgfcgng%t%gg\nce
eecgrtingad tied phdsbht inveatior 8ndfurtHer SBBNISDY a (TBAER SF f4¥ricating
and NFET second spacers 50. An exanpl e of a NFET gate

Sty a SaMiconglUCor gevish ibapendaner WilritiTe geasentirupeiiar wil be

or€ 21baRg HABREOPAOA theHERMng BeSiIBA ik (}gﬁ;&&ﬁg’m with
yplas or thernmm neans, or-a CoO I nati on thereo ,

Hfe02;conkifaBiyin@ydrawingsx Owhactdlikearefdranee autridralk nlesignate similar or

BE TR Soh RATAH B phalhs T i 30 can be

Figures 1 through 9 are cross sectional views for illustrating a
method for manufacturing Field Effect Transistors (FETs) having a strained

channel according to an example embodiment of the present invention.



nmetals such as Ta, TaN, TaSiN, TiN, My, Ru, Ni, N §

or a conbination thereof and can have a thickness

bet ween 500 and 1200 angstrons The NFET gate cappi ng

| ayer 40 can be conprised of nitride or Si OxNy or

Si @2 and can have thi ckness between 200 and 600
angstrons The NFET first L shaped spacers 44 can be
conprised of thermal oxide or TEGS and can have

t hi ckness between 20 and 200 angstrons The NFET second
spacers 50 can be conprised of nitride or oxide and
can have a thickness between 200 and 700 angstrons.
The substrate can have a p-well 17 in the NFET region.
The PFET gate structure 20 can be conprised of a PFET
gate dielectric 30, a PFET gate 34, PFET gate capping

I 38, ' [ . ~Th b
conpri sed areuned e eaRRLGtfe effnRlE ok
sidewal | spacers can be conprised of PFET fi rst (L

shaped) spacers 42, and PFET secaond spacers
PFET channel YEg@singlg anbgdimenis of i praseat H@BBWQ Wil be

T L P I
@B&ﬁ@lmentsmgvmlﬁvngﬁuod of tfonming ed-ET w&h;ﬁmbethd\EEassor S/D
BRSSP R BB LA BY KPR BB s

ﬁbpew@g'on gaitexBhds\Welow tvé debBEEId EMPrégigh aRauced wWRIdE
|ons ?: F?F_gJacent to the PFET gate 34. It is
8 Fser

?fa"ﬁzsan SERAIChIERT 288 driEsapaliner oveptheygracers of the
@Eafdé‘é{

A. NFET gate structure and PFET gate structure

Referring to figure 1, we provide a NFET gate structure 22 over a
NFET region 16 in a substrate 10 and PFET gate structure 20 over a PFET region
14 in a substrate 10,

The NFET gate structure 22 can be comprised of a NFET gate
dielectric 32, NFET Channel region 31, a NFET gate 36, NFET gate capping layer
40, and sidewall spacers. The spacers can be comprised of one or more layers.
For example, the sidewall spacers can be comprised of NFET first (e.g., L shaped)
spacers 44, and NFET second spacers 50.

An example of a NFET gate structure 22 is given below.

The NFET gate dielectric 32 can be comprised of SiO,Ny, nitrided
SiO; {either by plasma or thermal means, or a combination thereof), HfO.,

HfSixOy, HfAIxOy and can have a thickness between 8 and 50 angstroms.



or buffer inplant at this point. The substrate can
have a n-well 15 in the PFET regi on. W provide

i sol ation regions 18 between the PFET region 14 and
the NFET region 16. The isolation regions 18 are
preferably shallow trench 8 isolation regions
conprised of silicon oxide. The isolation region 18
preferably have a thickness between 1000 and 7000
angstronms. B. dielectric |ayer over the substrate
Referring to figure 2, we forma dielectric |ayer 64
over the substrate, including the gate structures 22
20. The dielectric layer 64 is preferably conprised

f id t ture process 0)
Cor oxanpie dhe HFEDsie SBAapt PSS! GhpIEG of POy SiGe or
ﬁ%l@%ﬁc@asﬁar ?Qﬁ!o‘FaSW@ mq\@x tNhle@i §f 8 Bﬁfﬂ)lndti?n tla%reof

that it can be easily renove [ater part
pnd can Havaadbickness lneéWpenﬁO@r end g 2@@ ehgstremsbecause

the ther mal ngﬁ*@"‘b% é%\bzngg%g' Elgg? Qpn%%érlseg b hitfide or

devi ce architectur
Br@Nar abByOZh and @ah hiagk Iﬂlﬁieﬁnesheﬂemeén 200 amgle6O@ngstroms

angstrons. electrlc | ayer from over
the PFET regit Bﬁ%@ﬁ’@ fROPREA SPAGErs e Rowgrisekpf thermal
bhige S gicent bhe cbﬁ}ﬁgoe ﬁﬂckr{bsstd?e%wégﬁo ra%% SébbT%g;s%ﬂk

nas is

over portions of the isolation regions
pref erably cdhpMNFeldsegonshepasess 58 can e qoampisedtdiamitride or

BuBLEH L RUS R ELOBLONE A0 4REETo SHcRfomtS! "9

Nocess SUCHC3E 3
The substrate can have a p-well 17 in the NFET region.

The PFET gate structure 20 can be comprised of a PFET gate
dielectric 30, a PFET gate 34, PFET gate capping layer 38, and sidewall spacers.
The spacers can be comprised of one or more layers. For example, the sidewall
spacers can be comprised of PFET first (L shaped) spacers 42, and PFET
second spacers 52. A PFET channel region 29 is in the substrate below the PFET
gate.

The PFET gate structure can have the same corresponding
composition and thickness as describe above for the NFET gate structure.

We provide NFET Source/drain 60 and NFET Source/drain
extension (SDE) or lightly doped drain (LDD) regions 58 adjacent to the NFET
gate 36.

We provide PFET LDD regions (or SDE regions) 56 adjacent to
the PFET gate 34. it is optional to perform a PFET source/drain or P-type graded
or buffer implant at this point.

The substrate can have a n-well 15 in the PFET region.

We provide isolation regions 18 between the PFET region 14 and
the NFET region 16. The isolation regions 18 are preferably shallow trench

8



As shown in figure 3, we renove the first NFET mask
68. D. formrecesses in the PFET region Referring to
figure 4, we can formrecesses 70 in the PFET region
14 in the substrate adjacent to the PFET second
spacers using isotropic or anisotropic dry etch, or a
conbi nation thereof, preferably using isotropic dry
etch. The isotropic dry etch not only etches in the
vertical direction, but also etches in the horizontal
di rection, and sonme undercutting beneath the spacers
52 is desired. 9 The recesses 70 can have a depth
between 40 and 160 nm E. form an enbedded stressor
SID region Referring to figure 5A, preferably we

el dtimnmegione gionprisep oé siicemnxideo The tpbatntragionutdsprctérably

f . th b t it . Th
B BifickFes BN IPCP et O CAMSURR® 1. i ther i n
the gaseous or liquid state, or a conbination of

ot her Bcheni cabifelédtticIapasotdrothel SifstfRet he gaseous HF
or liquid HE Referring to figure 5A, we form enbedded

stressor (e. dilgfe@ingdpdigureSk Gee f@aua dirlettas lmyee §4 onsr thée

SR BN 90 55 T S0 B B5 B Boreray
eoinprited of A ofiRI6RAedbhy BNow!t8RpBRtlre! RELORS(LTH), Rilexample at
not on the gate structure 20. so, the dielectric

pdg@peesie en $e0 argP0p slgueres1@. Hreasentthe i nrEF is preferred

i r i ' d or
e P e PR R (BE M parl B RTIBESRE A3
tsonperatise e peferess becausedhe liiaarmel batigethvell RBES neghgibleampact
R %5 H(tevigé atrcm?lecture. The dielectric layer 64 preferably has a thickness
between 100 and 600 angstroms.

C. remove the dielectric fayer from over the PFET region

We next formi a first NFET mask 68 over the dielectric layer 64 in
the NFET region 16 and over portions of the isolation regidns 18. The mask is
preferably comprised of photoresist.

We remove the dielectric layer 64 from over the PFET region
using an etch process such as a buffered HF etch.

As shown in figure 3, we remove the first NFET mask 68.

D. form recesses in the PFET region

Referring to figure 4, we can form recesses 70 in the PFET
region 14 in the substrate adjacent to the PFET second spacers using isotropic or
anisotropic dry etch, or a combination thereof, preferably using isotropic dry etch.
The isotropic dry etch not only etches in the vertical direction, but also etches in

the horizontal direction, and some undercutting beneath the spacers 52 is desired.
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SiGe can be in the range of 10 to 40 atom c percent.

The enbedded stressor region 74 can have a p-type

i mpurity concentration between 5E19 and 1E21
atons/cnB. The enbedded stressor S/D regions 74 (e.qg.,
a SiGe layer) can be in-situ (boron) doped or
inplanted with a dopant after formation. For exanpl e,
we can forman intrinsic SiGe film followed by ion
implantation (B or BF2 ). The ion inplantation dose
is in the range of 1 E15/cn?2 and 6E15/cn2, wth

i nplantation energies of between 0.6 keV and 50 keV.
The enbedded stressor S/ D regions 74 can have a
faceted edge 74A (or a recess 74A) between the spacer
52 and the isolation 18. The facet starts about

T T1gure Sa MEceSndte Ry 2 Rfnbem gD ah I o

near the STI 18 because there is no silicon to grow

epi t aky fromfatmtdreersbeddedi siness®mSA regpiohaxi al Si Ge
growmh is primarily in the vertical direction and

l'imted growRefeciogre fighendAHueferaldy ate penferon anepitahepre-clean

' ' t 1] . Si |1 .can _be faceted .
e e AR B S R
ate—tlben?f%feraiﬂj/ oontah'lsr}difi,eimeoiévt the g'asﬁpné; mﬂﬁdnlxi? stdle} (ﬂ&a
vertic i.rection an imte row h occurs fromthe
FGmbirafion & pIE CBRMIcAR Bebe HiaUBFUa theiparase Hiner liquid
sfpacer 52 can have a thickness 74D between 40 and 180
nm and nore pref e.rabl%/‘ between 60 and 140 nm The
Si Ge adj acenfRafefEing o figgrecsh Walsmemhedderbsisessoc(e.g., B doped

BEEYPSrteARSn $0giBAS #8%sing an in-situ Boron doped SiGe Epitaxy process

or an implant process. Selective epitaxial growth occurs only for the exposed Si in
the PFET regions 14, but not on the gate structure 20. Also, the dielectric layer 64
over the NFET region 16 protects the NFET region 16 from epitaxial growth.

The embedded stressor source/drain regions 74 are formed to
create a compressive stress in the channel of the PFET. The Ge content of the
SiGe can be in the range of 10 to 40 atomic percent. The embedded stressor
region 74 can have a p-type impurity concentration between 5E19 and 1E21

atoms/cm®.

The embedded stressor S/D regions 74 (e.g., a SiGe layer) can
be in-situ {(boron) doped or implanted with a dopant after formation. For example,
we can form an intrinsic SiGe film, followed by ion implantation (B or BF; ). The ion
implantation dose is in the range of 1E15/cm?® and 6E 15/cm?, with implantation

energies of between 0.6 keV and 50 keV.

The embedded stressor S/D regions 74 can have a faceted edge
74A (or arecess 74A) between the spacer 52 and the isolation 18. The facet starts

about midway between the spacer 52 and the ST! 18 as shown in figure 5A. The
10



nore preferably between 5 and 40 nm The ratio of the
t hi ckness 74D to thickness 74C is between 5:1 and
20:1. For a PFET device, the S/D stressor region is
preferably conprised of a sem conductor materi al
whereby after incorporation into the host atons (in
this case, it is the substrate, which is essentially
Si), the material system becones internally
conpressed. Due to the lattice m smatch between the
stressor and the substrate, a conpressive strain is
created in the direction parallel to the channel. The
substrate is conprised of a sem conductor materi al
gz.g., Si) having a first lattice with a first
iGe&/ldregiansl 74 are thinnepmsirtioe SThés decessothere i ransifiicon to

' f_a.sem.conduct mat eri al. ( S or. . .
S kB B A REEREP . Elenty Bl ehorpivds Primariy in
s verticl elirebtiordage iaitdd IPAQInEEcurOfrom tRETRef® viregtiort he
second spacing is larger than the first spaci ng)é_ For

i

a NFET devi cd Ngidrawh ehdbergaing, the $d | sisewiad capleifageted (or
[ he fd: ' E. ;
1B e R o i B RREM Ty AT e STIFERR. fEfice. arown
ispiraliyin thecestieal dirmcior and imitet growidl aicuonfroredhe feral
E Yri ng to figure 5B, we performan dielectric
?@ ‘g‘.o,”- oxide) etch to renove the first dielectric
| ayer 64 over the NFET region 16 and to formi sol ation

recesses 76 in the isolation regions in the areas not
formal Iy coveP&d’ §y5t'feﬁéo'f 14 adiacanilhesparer dagan have a thickness

th;ETﬁe%%r%sé andl1 BENR Bk InbrRCS R Sbil MR nFLeRbH 2R 14BHm. The
SiGe adjacent the ST! 18 can have a thickness 74C between 1 and 80 nm and
more preferably between 5 and 40 nm. The ratio of the thickness 74D to
thickness 74C is between 5:1 and 20:1.

For a PFET device, the S/D stressor region is preferably
comprised of a semiconductor material whereby after incorporation into the host
atoms (in this case, it is the substrate, which is essentiaily Si), the material system
becomes internally compressed. Due to the fattice mismatch between the stressor
and the substrate, a compressive strain is created in the direction parallel to the
channel.

The substrate is comprised of a semiconductor material (e.g., Si)
having a first lattice with a first structure and a first spacing. The stressor region is
comprised of a semiconductor material (e.g, SiGe or SiC) having a second lattice
with the same first structure and a second spacing.

For a PFET device, the second spacing is larger than the first
spacing. For a NFET device with n-type doping, the second spacing is smaller
than the first spacing. |
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channel fromthe subsequently formed stress |ayer. The
recesses 76 can have a depth 77 between 5 and 80 nm

G renove the PFET cap and NFET cap; and reduce

overall sidewall spacers wdth As shown in figure 6,

we can etch and renove the PFET gate capping |ayer 38
and NFET gate capping |ayer 40 and etch the second

PFET spacers 52 and the second NFET spacer 50 to form
reduced second PFET spacers 52A and reduced second

NFET spacers 50A. The reduced second PFET and NFET
spacers 52A 50A can have w dth between 20 and 300
angstrons. The step can reduce the total spacer (50A &
44, 52A & 42) wdth between 5 and 80 percent and nore
pref eFabl y beewasre 8@ first didleptrickayer oventire NEETaregian and
original tptal.wdth (e.g., 50 & 44 & 42). The .
Feduceq wi R sition Hiagbses da Abrons fhs fealgtion dsaions
channel fromthe subsequently forned stress | ayer.

The etch is preferably an anisotropic RIRE wth a high

sel ectivity 6&Referningto gutedsBivwe perforamdn klieddctric (e.g., oxide) etch

grlrcﬁgrﬁvlg\ét. te)ﬁaﬁfdéfgcl’aéth{:?fyéq ’oo)%ag]-_e'i ﬂgﬁggéigng%nanbf to form isolation
FRRBEERTE NtheNSs1880n rebfiénseihthe GAThsH G FodME @ered by the first
"isotropic" conponent to further trimdown the spacer

dietaciic feier §4-ridie repasead 33! hadpale inciaspdie spiaivean the PFET
ERAe 138[41 fk r?gbg%%%ég{r{py géﬁge@gﬁie&% %Z&I i cal spacer. The

reduced seco Is ont first spacer 12
The recesses 76 can have a depth 77 between 5 and 80 nm.

G. remove the PFET cap and NFET cap; and reduce overall

sidewall spacers width

As shown in figure 6, we can etch and remove the PFET gate
capping layer 38 and NFET gate capping layer 40 and etch the second PFET
spacers 52 and the second NFET spacer 50 to form reduced second PFET
spacers 52A and reduced second NFET spacers 50A.

The reduced second PFET and NFET spacers 52A 50A can have
width between 20 and 300 angstroms.

The step can reduce the total spacer (50A & 44, 52A & 42) width
between 5 and 80 percent and more preferably between 20 and 60 percent
compared to the original total width (e.g., 50 & 44, 52 & 42)

The reduced width spacers increase the strain on the channel
from the subsequently formed stress layer.

The etch is preferably an anisotropic RIE with a high selectivity of
nitride to silicon and high selectivity of nitride to oxide. The etch can be comprised
of Oz, Ar, CHF3, CHsF, C4F3 or a combination thereof. The etch can also have an
“isotropic” component to further trim down the spacer width.

The first spacer 42 is an L-shaped spacer comprised of a bottom

leg and a vertical spacer. The reduced second spacer 52A is on the first spacer
12



42. The bottomleg is preferably |longer than the width
of the second spacer 52A by between 5 and 60% H.
form upper stressor doped regions As shown in figure 7
we forma second NFET mask 78 over the NFET region
16. Next we inplant P-type dopant ions (boron) 80 into
the (PFET) enbedded B doped Si Ge Source/drains 74 and
into the substrate bel ow the enbedded B doped Si Ge
Source/drains 74 adjacent to the isolation regions 18
to formupper stressor P-type doped regions (or
Stressor "wap around"” doped region) 82. It is
optional to performthis B ion inplantation before the
removal of PFET cap and 38 and NFET cap 40 The ion
i4%p Thettmitioonled s prefenabbelongert than tiaegidthfof Biel Séamd spader 52A by

E15/cnR, w i npl antati on energi es of between 0.3
bebiadh Sspdias.

The inplant can have a twist/tilt
conponent, but preferably none, i.e. the inplant is

done pfrpendi fsinpuppek etre8gobtiopeisbging 10. The upper
stressor P-type doped regions 82 have a dopant

concentration preferably between 0.2 and 5 tines

hi gher than the stressor regio 74. Pre th B
regi ons) upp S§Q9“@%%ffg%??3ﬁ%?%8b%§ei3@'§¥ @EEQJ %Q%%é"’erthe
NFET sdgigonéi on 82A within the stressor region 74 and

a second portion 82B that extend bel ow t he enbedded

S/ D regi on 7§ weompiantdthigerdanant wnsthpeon) S0 into the (PFET)
embedded B doped SiGe Source/drains 74 and into the substrate below the

embedded B doped SiGe Source/drains 74 adjacent to the isolation regions 18 to
form upper stressor P-type doped regions (or Stressor “wrap around” doped
region) 82.
It is optional to perform this B ion implantation before the removal
of PFET cap and 38 and NFET cap 40

The ion implantation dose can be in the range of 5E13/cm? and
4E15/cm?, with implantation energies of between 0.3 keV and 20 keV.
The implant can have a twist/tilt component, but preferably none, i.e. the implant is
done perpendicularly to the Si substrate 10.

The upper stressor P-type doped regions 82 have a dopant
concentration preferably between 0.2 and 5 times higher than the stressor region
74,

Preferably the (B regions) upper stressor P-type doped regions
82 have a first portion 82A within the stressor region 74 and a second portion 82B
that extend below the embedded S/D region 74 in to the substrate 10. Thisis

because the embedded S/D regions 74 are thinner near the isolation regions 18.

The additional boron implant 80 forms an upper stressor “wrap

around” P-type doped region 82. The upper stressor P-type doped region 82 is
13



because the enbedded S/ D regions 74 are thinner near
the isolation regions 18. The additional boron inplant
80 forms an upper stressor "wap around" P-type doped
region 82. The upper stressor P-type doped region 82
is 13 conprised of a first portion 82A surroundi ng
the stressor 74 and a second portion 82B extending
into the substrate. The first portion of the upper
stressor doped region 82A greatly reduces the
external resistance of the PFET device. A so, it
reduces the contact resistance of the subsequent
silicided regions. On the other hand, the second
portion 82B of the extended B region extends into the
scmbstissat ef aficst pertivhad2fesuirdiendihgl ﬁrmsttessbhm aada savond portion

N he STI
fengntbhib bl rsublite, TS frsh Aeoniat e viap g Siigsor doped
tég"tﬁ*f 8@@ QP% Aty kg kﬁﬁc&“he@@&nbﬁ@é%@%m the ?’l@edé\flce? Also, it

P-well (in the adjacent NFET
'F%iﬁ@és th%@@'ﬁﬁCtnglSQﬁ*‘@ﬁtqwh@ RpPIRaLeNt ﬁ&ld%@r@lq)mm
properties of the PFET. This additional B ion
i npl antation 80 also gets inplanted into the PFET
pol y- Si gat e Canttheldinerehartd, thec semselspdrtien 82B afithe extended B

concentratlo t e | y- i . gate., This can reduce.
TN it e SRR B dteinRac Ging M dowds B drs incontact
Witk € RoRell ﬁéé’r tAb BT | Qg8 CPRe bhﬁaﬂ@d%drﬁéhﬁé@&?@f B dopants at
significantly. As shown in figure 8, we renove the

Yesadeditmrtina srarthe 3T q&@err@f:lhw@tr@deafﬁg@mf Ffbtq Arwiell and P+
eSO R RN IR o ATl B 5281 ctator
properttes of the PFET.

This additional B ion implantation 80 also gets implanted into the
PFET poly-Si gate and hence it increases the dopant concentration at the poly-Si
gate. This can reduce the poly-depletion effect at the gate/gate dielectric interface
and also reduces the gate resistance significantly.

As shown in figure 8, we remove the second NFET mask 78.

L performing an anneal to form final junctions for both NFET
and PFET

We preferably perform an anneal to form final S/D junctions for
both NFET and PFET. The P-type dopants from the embedded S/D 74 diffuse into
the substrate to form a final P S/D region 75. After the anneal, the second portion
82B of the B region 82 that extends below the embedded S/D region 74 diffuses
slightly into the substrate. (graded junction near the ST! edge 82B)

The anneal is preferably a RTA process with a temperature
between 900 and 1350 C for a duration between 500 microsec and 5 sec.

Typically, a spike RTA anneal is performed for less than 1 sec.
14



bot h NFET and PFET. The P-type dopants fromthe

enbedded S/D 74 diffuse into the substrate to forma

final P S/Dregion 75. After the anneal, the second

portion 82B of the B region 82 that extends bel ow the

enbedded S/D region 74 diffuses slightly into the

substrate. (graded junction near the STl edge 82B) The

anneal is preferably a RTA process with a tenperature

bet ween 900 and 1350 C for a duration between 500

m crosec and 5 sec. Typically, a spike RTA anneal is

perfornmed for less than 1 sec. 14 The additional B

i mpl ant helps to tailor the portion 82B of the B

region 82 junction provided bel ow the Si Ge enbedded

S/D region 74 near the STI edge 18, thus inproving

i sol ati on pr erti b red Ci P+ to. Nwell and P+

to P vl (1 e sderal Sl s toRigdbS porbTees ol the B

PEGibh @2 Jaa&o@lfprbb@e%bﬁmdﬁ% @G@&hﬁ@d@@d BI@F@&@W near the ST

has B concentration between 5E16 /cnB and 0 /cnB

&ge g thusnimpravingisoiationdjsepeies by retcisy BrdoMevetirandP+ to P-
second portion 82B can

Q‘gﬁl\é&g{hﬁ%ﬁ#%&%& é%kaég% between I and 20 nm The

second portion 828 has a di stance 82D that can be

bet ween 5 an 60 ent_an ly betwe
10 and 40 per tF}?ét'%g%gtéEw’g 6?9'Pﬁé32 preferab!y

%&@é&fcen‘t@ﬂb@%e%eﬁbgwma :—,’a‘-‘rfdr 890 cmMaAl p%Ft%"P@ZB has a
ion 82 preferably has a final

@@pé\mfﬁw tg@ S8 siesee oF betweestr eusand Z(Mnmet'mkeefﬁﬁ@%i portion
W AWhLSe 4 %d{mdﬁm 895 6&\?{9% e3R8 r20' iftH € r1'hy§econd portion

82B has a distance 82D that can be between 5 and 60 percent and more

preferably between 10 and 40 percent of the average thickness of the stressor
region 74.

The upper stressor “wrap around” P-type -doped region 82
preferably has a final depth below the top surface of the Stressor 74 between 5%
and 50% of the thickness of the stressor layer 74.

15



devi ces | ayer

15 Tabl e: Exarrrprlre final concentrations for PFET
| ow high preferred | ow preferred

concentration concentration concentration high
atons/cnB atons/cnB at ons/cnB concentration atons/cnB
first portion 82A 6E19 2E21 1 E20 5E20 8213-second

5E16 1E20 5E17 7E19 portion bel ow Stressor
region 74 5E19 1E21 9E19 3E20 (not including 82B)

74 stress

final P S/D region 5E17 2E20 1E18 1E20 75 (part that

diffused into the

substrate) J.

silicide regions

Referring to figure 9, we can formsilicide regions 72

over the
Stress |iner

Source and drain regions and the gates.
Referring to figure 9, we forma stress

Mabkey: ExBmplefindl wensetedtiont ¢or PFET devices

K.

layer low high preferred low | preferred
concentration | concentration | concentration | high
atoms/cm?® atoms/cm® atoms/cm® | concentration

atoms/cm®

first portion 82A | 6E19 2E21 1E20 S5E20

82B- second 5E16 1E20 5E17 7E19

portion below

Stressor 74

stress region 74 | 5E19 1E21 9E19 3E20

(not including

82B)

final P S/D region | 5E17 2E20 1E18 1E20

75 (part that

diffused into the

substrate)

J. silicide regions

Source and drain regions and the gates.

K. Stress liner

Referring to figure 9, we can form silicide regions 72 over the

Referring to figure 9, we form a stress liner 76 over the substrate

surface. The siress liner creates a compressive stress on the PFET channel 29.

The reduced width PFET spacers on the PFET gate 34 increase the compressive

stress to the channel.

An example of a stress liner process is as follows. We can

deposit a SiN fayer over the gate structures. This SiN layer is also used as a

contact etch stop layer. To further enhance the device performance of the PFET,
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surface. The stress liner creates a conpressive stress
on the PFET channel 29. The reduced w dth PFET
spacers on the PFET gate 34 increase the conpressive
stress to the channel. An exanple of a stress I|iner
process is as follows. W can deposit a SiN |ayer
over the gate structures. This SiN |layer is also used
as a contact etch stop layer. To further enhance the
devi ce performance of the PFET, 16 we can use a
conpressive stress liner with thickness of about 20 to
100, nm with stress in the range of -1.5 GPa to -5
GPa. L. non-linmting exanple enbodi ments The exanpl e
enbodi nents of the present invention show nethods to

ivelanosiees Bbipsegsbiengreasiioeewite iieidusd obiabeul BBtd3p)0 nm, with
schene enhances the PFET devi ce

ocess t reat|
g@??%ﬁnr{ﬁﬁ@nng é?éﬁ%ﬁﬁl'@ Ffbodi ment, after in-situ
boron doped eSiGe S/D stress is forned, the nitride
cap over the poly-Si gate is renoved. Thereafter, the
PFET S/D (eSi Ge) stressor region was subjected to an
additional B inplant to forma stressor wap around

doped; r egi onnoﬁeﬁ gﬁ[:q %ﬁ%ﬁggmb%%"ﬁéh?ﬁ[ nal

reS|stance so helps to

tailor the | trﬁ@telx@rhavé @mbb@m%@{t@m {rRSprek&s |ﬁ§érlt\5ﬁ show
q%|1ons near the STI ge, thus |ncPrOV| ng P+ to Pwell

Qs tQéé*PﬂCaKFEF)ETSsQﬂIm 2 OAvelrasplee deélsSlC&(@ﬁuaa) process
%@%@2% Bhe DA M goE Tle e S PRVeG e Ens B prmpre
embotiynerd, after itisita $)losdr0d0m¢ eIt 85 stifdws ie Cﬁmmiets $tey Ritride cap

318 anhL 05 BB ThIRhusR TR R 5B PREEY) stessor
region was subjected to an additional B implant to form a stressor wrap around
doped region. Besides reducing the external resistance, the additional B implant
also helps to tailor the junction profile below the SiGe active regions near the STl
edge, thus improving P+ to Pwell (in adjacent NFET) isolation properties. Such an
integration scheme greatly simplifies the eSiGe process flow, and is compatible
with the stress liner overlying the transistor structures. The compressive stress
from the stress liner can be efficiently transferred to the PFET channel due to the

smaller final spacers formed.

The embodiments of the invention could be used in NFETs.

In the above example embodiments, example structures are
shown but are not intended to limit the embodiments. For example, the gate
structures are shown with first and second spacers, but can be formed with one or
more than one spacers.

Similarly, the embodiment’s reduced spacers, stress liners and

shallow doped regions (e.g., stressor wrap around dope regions 82) can be used
17



smal l er final spacers fornmed. The enbodi nents of the

i nvention could be used in NFETs. In the above

exanpl e enbodi nents, exanple structures are shown but
are not intended to limt the enbodi nents. For
exanple, the gate structures are showmn with first and
second spacers, but can be formed with one or nore
than one spacers. Simlarly, the enbodi nent's reduced
spacers, stress liners and shallow doped regions
(e.g., stressor wap around dope regions 82) can be
used 17 on NFET devices. The Stressor can be in the
formof a material that is advantage to the NFET such
as carbon doped silicon (SiC). The stress liners and
sh NFEShdevicegiThrsSteaysobeafh derim thd formpgflaymiateial that is advantage

Bt st &5 EboRdoneduifon (Nfe Therpteginers and sirdssor
ARG @é‘rﬂbe Fd??he@h@‘é%pﬂﬁt%%@p%%&[bté‘@ﬁeéé fdr‘NFf HQ\ﬂées.

shiow not be taken as I'imting t Q&
present |nvelﬁilv€t§hth§e/farlﬁéd0ftf§mb¢rhmntﬂ heme$@tnmntlonjust

Al Bl BB AL S R SR RE B3 it e
stopd ofl thb@resathe rventioh bgfitidibsethesdaintsed in the art

that various, changes in formand details y be nmde
wi t hout depM\? Eeﬂre\t%tlpﬂé’a§gaeﬁﬂtpaéﬁwl%r% V4t apg described

VitH @Bk &tibe thithéd §réfé‘|tr€@@%otdﬂn§r§’c¥%er¥é6f 'itq}o’ifﬁ be understood by those
modi fications and simlar arrangements and procedures,

akitled inthg @ptpbabarione chapges inciorl atidrietaiemalyheematie witiout
ngfrﬁﬁg'frgﬁg hltehsgtrnra%ﬁdsg:%ﬁje o@tﬂ% ﬂ(/gﬁt%d{ OI@ rﬁ ﬁge?‘%eh% cover various

enco SS a I'cat’i ons an
araddm:g&omalsd aindlaparardameats 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 What is clainmed is: 1. A nethod for form ng

sem conduct or device conprising the steps of : a)
providing a gate structure over a first regionin a
substrate; said gate structure conprised of gate
dielectric, a gate, and sidewal|l spacers; b)
providing isolation regions in said first region
spaced fromsaid gate structure; and a channel region
in said substrate under said gate structure; c)
formng S/D recesses in said first region in the
substrate adjacent to said sidewall spacers; (1)
formng S/D stressor regions filling said S/D
recesses; the S/D stressor regions are thicker

adj acent to said gate structure than adjacent to said
i solation regions; d) inplanting dopant ions into the
S/ D stressor regions and into the substrate bel ow the

WHASE Le6R&d it €9i ons adj acent to the isolation
regions to formupper stressor doped regions. 2. The

met hod of claim 1 which further includes formng a
stress liner over said gate structure; said stress
liner putting strain on the channel region. 3. The

et AekktRbd Edrabimihg Wahfitoriductdielevidac boifgasing Sh@ERps of :
form ng the upper stressor doped regions, formng

i solation recesses in said isolation regions. 19
a) providing a gate structure over a first region in a substrate; said gate

structure comprised of gate dielectric, a gate, and sidewall spacers;
b) providing isolation regions in said first region spaced from said gate
structure; and a channel region in said substrate under said gate
structure;
c) forming S/D recesses in said first region in the substrate adjacent to
said sidewall spacers;

{1) forming S/D stressor regions filling said S/D recesses; the S/D
stressor regions are thicker adjacent to said gate structure than
adjacent to said isolation regions;

d) implanting dopant ions into the S/D stressor regions and into the
substrate below the S/ stressor regions adjacent to the isolation

regions to form upper stressor doped regions.

2. The method of claim 1 which further includes
forming a stress liner over said gate structure; said stress liner putting strain
on the channel region.

3. The method of claim 1 which further includes, before forming the upper stressor

doped regions, forming isolation recesses in said isolation regions.
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4. The method of claim 1l which further includes prior

to formng the stress liner: reducing the w dth of

said sidewal | spacers. 5. The nethod of claim1

wherein said gate structure is further conprised of a
cappi ng |l ayer over said gate, and sai d spacers are
conprised of first spacers and second spacers; and

prior to formng the stress liner, further conprises

the step of : etching and renoving the cap and

etching said second spacers and to form reduced

second spacers. 6. The nethod of claim1 which further

i ncl udes providing LDD regions adjacent to said gate.

7. The method of claim1 which further includes: said
MPPRE nthes sPElafeRashice dirdidr iftAsded SRS fd?ﬁ%irngrxéﬁﬁré&niner:
surface of the S/D Stressor regions between 5% and

50% of the t hfewGes hegridithef Sidsidlewalispacersgi ons. 8.
Ehendridifdy 8f ciglidh %Ji'erm! &l G4t QflchirRC sjgﬁlsfer Sised of a
upper stressor doped region “I's conmprised of a 'St
pocapping éner aveesaid dai rhid sal] spduers acooamprdsdd offirst spacers
extends below said S/ D stressor region adjacent to
saPAdPEGPH PRIFFBgi on. 9. A nethod form forning

sem candpeibPlo FAAMINGEhE SFBsd Phdtdfuriter %b@lﬁﬁsé’i the §tbp of : etching
providing a NFET gate structure over a NFET region in

a subdfd d¢moving theoparagdtelcking geidsecopdspagersrm to form
regi op, ' ate structure is conprised of a
NFET %&“&%i%?%’g‘% %{F{c}r&a NFET gate, NFET gate cap

| ayer, NFET first spacers, and NFET second spacers;

6. The method of claim 1 which further includes providing L.DD regions adjacent to

said gate.

7. The method of claim 1 which further includes: said upper stressor doped region
has a depth below the top surface of the S/D Stressor regions between 5% and

50% of the thickness of the S/D Stressor regions.

8. The method of claim 1 which further includes: said upper stressor doped region
is comprised of a first portion and a second portions; the second portion

extends below said S/D stressor region adjacent to said isolation region.

8. A method form forming semiconductor device comprising the steps of :

a) providing a NFET gate structure over a NFET region in a substrate and
PFET gate structure over a PFET region;

(1) said NFET gate structure is comprised of a NFET gate dielectric,

a NFET gate, NFET gate cap layer, NFET first spacers, and NFET

second spacers;
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20 (2) said PFET gate structure is conprised of a PFET
gate dielectric, a PFET gate, PFET gate cap | ayer,
PFET first spacers, and PFET second spacers. b)

provi ding isolation regi ons between said PFET region
and said NFET region; c) formng S/D recesses in said
PFET region in the substrate adjacent to said PFET
second spacers; (1) formng S/D stressor regions
filing said SID recesses; the S/D stressor regions
are thicker adjacent to said gate structure than

adj acent to said isolation regions; d) formng

i solation recesses in said isolation regions. e)

i mpl anting P-type ions into the S/D stressor regions

and into {ﬂ)%aioGPP§Trg’étt§slk?§ét9?’é ﬁé‘@orﬁ?ﬂ%efﬁi 665 PRET R Qlfectric, a

adj acent to the isolation regions or m upper

stressor doeBTrgade.disET gete qarelayer, ik ofirst spagere and PFET
whi ch furth I nC . providing NFET source/drain

and NFET L%ﬁoggiég%ggédj acent to said NFET gate; and
provi dbhgroRferky isblativegegioas bdiveaansaitl ®RET @gkirEdnd)edie NFET
11. The nmethod of claim9 which further includes: said
SID reces$¥¥have a depth between 40 and 160 rim 12.

The mephefnkly SiRiddeSsadinGhid PFERSEgioRGh wiesubst@itd adjacent to
upper stressor doped

said PFET second spacers;

(1) forming S/D stressor regions filing said S/D recesses; the S/D
stressor regions are thicker adjacent o said gate structure than
adjacent to said isolation regions;

d) forming isolation recesses in said isolation regions.
e) implanting P-type ions into the S/D stressor regions and into the
substrate below the S/D stressor regions adjacent to the isolation

regions to form upper stressor doped regions.

10. The method of claim 9 which further inciudes:
providing NFET source/drain and NFET LDD regions adjacent to said NFET
gate;

and providing PFET LDD regions adjacent to said PFET gate;

11. The method of claim 9 which further includes: said S/D recesses have a depth
between 40 and 160 nm.

12. The method of claim 9 which further includes: said upper stressor doped

regions have a depth below the top surface of the S/D Stressor regions

between 5% and 50% of the thickness of the S/D Stressor regions.
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regi ons have a depth below the top surface of the S/D

Stressor regions between 5% and 50% of the thickness
of the S/D Stressor regions. 21 13. The nethod of
claim9 which further includes: etching and renoving
the PFET gate cap |ayer and NFET gate cap | ayer and
et ching said second PFET spacers and said second NFET
spacer to formreduced second PFET spacers and
reduced second NFET spacer. 14. The nethod of claim?9
whi ch further includes: formng silicide regions over
said S/D stressor regions and said NFET source/drain
regions; formng a stress liner over at |east said
PFET gate structure. 15. A nethod for form ng

8N O AEHIRABf dalh OavieRTRIrtHer Nldde: SERRMgAnd refoving the
providing a NFET gate structure over a NFET region in

a &kt 9aie captaverpndNGaT gata cartaype agdatchingsan second PFET
Cealon: . - . )

24 G 5 R N S A BT RERFET G
| ayed redNRET fdcoatd NffaCepagerand NFET second spacers;

(2) said PFET gate structure is conprised of a PFET

gate dielectric, a PFET gate, PFET gate cap |ayer,

REEThé intethod BREIAINS O vaHich RirfREr ifkfkRRd spacers. b)
provi di ng NFET source/drain _and NFET LDD regions

adj acERMIngsitigifg regiprsroyertsaid S/D stressor regions and said NFET
source/drain regions;

forming a stress liner over at least said PFET gate structure.

15. A method for forming semiconductor device comprising the steps of :

a) providing a NFET gate structure over a NFET region in a substrate and

PFET gate structure over a PFET region;

(1) said NFET gate structure is comprised of a NFET gate dielectric,
a NFET gate, NFET gate cap layer, NFET first spacers, and NFET
second spacers;

(2) said PFET gate structure is comprised of a PFET gate dielectric, a
PFET gate, PFET gate cap layer, PFET first spacers, and PFET
second spacers.

b} providing NFET source/drain and NFET LDD regions adjacent to said

NFET gate;

and providing PFET LDD regions adjacent to said PFET gate;

¢} providing isolation regions between said PFET region and said NFET
region;

d) forming a dielectric tayer over the substrate;
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and providi ng- PFET LDD regi ons adjacent to said PFET
gate; c) providing isolation regions between said PFET
region and said NFET region; d) formng a dielectric
| ayer over the substrate; 22 e) formng a first NFET
mask over said dielectric layer in said NFET region;
f) renoving said dielectric |layer fromover the PFET
region; @) renoving the first NFET mask; h) form ng
S/ D recesses in said PFET region in the substrate

adj acent to said PTFE second spacers using a RIE
isotropic or anisotropic etch; i) formng S/D
stressor regions filling said S/D recesses; (1) S/D
stressor regions have a depression near the isolation

r egi ong) folmhinB e firef RFEY MRBsiebEdt daitd RETBMPictd\Rr in said NFET
dielectric |ayer over the NFET region and form ng

i sol ati onfeg@esses in said isolation regions in the

f: I el iCo: ;
oo oL T e e Rl ot T L
NFET ggitrenmoapng thafiest NiFET edacth; ng sai d second PFET

SRR D BESS NS REEE5S a0 T K LH Sacent o
I') form ngi@Pyeco@oNtEpasBsksties RIPgsIWIBlc beshifftiogid etch;
inplanting P-type ions into the S/D stressor regions
and i nip &pritieg Sy stressor regions filling said S/D recesses;

(1) S/D stressor regions have a depression near the isolation region;

i) performing an etch to remove the dielectric layer over the NFET region
and forming isolation recesses in said isolation regions in the areas
not formally covered by the dielectric layer;

k) etching and removing the PFET gate cap layer and NFET gate cap
tayer and efching said second PFET spacers and said second NFET
spacer to form reduced second PFET spacers and reduced second
NFET spacer;

I} forming a second NFET mask over the NFET region;

m) implanting P-type ions into the S/D stressor regions and into the
substrate below the S/D stressor regions adjacent to the isolation
regions to form upper stress doped regions;

n) removing the second NFET mask;

0) forming silicide regions over said S/D stressor regions and said NFET
source/drain regions;

p) forming a stress liner over said PFET gate structure.

16. A semiconductor device comprised of :
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substrate below the S/ D stressor regions adjacent to
the isolation regions to form upper stress doped
regions; n) renoving the second NFET mask; o) form ng
silicide regions over said S/D stressor regions and
said NFET source/drain regions; p) formng a stress
liner over said PFET gate structure. 16. A

sem conduct or device conprised of : 23 a) a gate
structure over a first region in a substrate; said
gate structure conprised of gate dielectric, a gate,
and sidewal | spacers; b) isolation regions in said
first region spaced fromsaid gate structure; a
channel region in said substrate under said gate

" ) ; > o . . ot
subst rks 9503 SBT3 8hin b LBLaRELaR, g dtoture
stressor goegireaesl dfidatandiclect®s, 2 gaepswksidetvhl sPaers;

stressar. gi ons. are thicker adjacent to sai, te

st vorih olain PadioRE dn b T SraBlohaPss B Faif ik Stragtures a
upper st r@esael RORAOINIREH Silsstidle spHEr SAidPgsld SARMre;

regions and in substrate below the S/ D stressor ]

regi on® HAB)j reeesfestip seiskfifstsigian orihe sebstonis adigeent tesaid

sem conduyg ' .of claim 16 which further
i ncl udesuézj\a%{’?lggas/écl%?asﬁer over said gate structure; said

stress | i(nerS/pudttassgr sgiassfilng ia S/D recesses; the S/D stressor
regions are thicker adjacent to said gate structure than adjacent to
said isolation regions;
d} upper stressor doped regions in said S/D stressor regions and in
substrate below the S/D stressor regions adjacent to the isolation

regions.

17. The semiconductor device of claim 16 which further includes
a stress liner over said gate structure; said stress liner putting stress on a

channel region under said gate structure.

18. The semiconductor device of claim 16 wherein said spacers are comprised of
first spacers, and second spacers; said first spacer is an L-shaped spacer
comprised of a bottom leg and a vertical spacer; said second spacer is on said

first spacer; said bottom leg is longer than the width of said second spacer. .

19. The semiconductor device of claim 16 wherein LDD regions are adjacent to
said gate.

20. The semiconductor device of claim 16 wherein said upper stressor doped
region has a depth below the top surface of the S/D Sfressor regions between
5% and 50% of the thickness of the S/D stressor regions.
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channel region under said gate structure. 18. The
sem conduct or device of claim 16 wherein said spacers
are conprised of first spacers, and second spacers;
said first spacer is an L-shaped spacer conprised of
a bottomleg and a vertical spacer; said second spacer
is on said first spacer; said bottomleg is |onger
than the width of said second spacer. . 19. The
sem conduct or device of claim 16 wherein LDD regions
are adjacent to said gate. 20. The sem conduct or
device of claim 16 wherein said upper stressor doped
region has a depth below the top surface of the S/D
Stressor regions between 5% and 50% of the thickness
of the S/D stressor regions. 24 21. The sem conduct or
device of claim 16 wherein said upper stressor doped
region is conprised of a first portion and a second
r e | ow sai.d S/ D
By e BamicoRuSRE ABoB R bl o Y HERST 2R AP &G Grsobopes
region is comprlsed of a first portion and a second portions; the second portion

extends below said S/D stressor region adjacent to said isolation region.
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