An Enbedded Stressor Structure and Process Background of Invention 1) Field
of the Invention This invention relates generally to

devi ces 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

wel | -known that Si Ge can be enbedded into the S/D regions of PFETs to
generate uniaxial stress in the silicon channel. This in turn increases the
carrier nobility and thus enhances the PFET device performance
significantly. However, the integration of enbedded SiGe (eSiCGe) into the
normal CMOS process flowis extrenely chall enging. The extent of

per f ormance enhancenent al so depends strongly on the stress generated by
the SiGe itself, the active dopant concentration in the eSi Ge and the
conpatibility to stress liners overlying the transistor structures.

The i nportance of overcom ng the various deficiencies noted above is

evi denced by the extensive technol ogi cal devel opnment directed to the

subj ect, as docunented by the rel evant patent and technical literature. The

patent 1 teratihl EAnbegREEA SIS Bt SIFMCHIY HAITRE RS

Background of Invention

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 PFETs 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

overlying 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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US6861318: Sem 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 nade of filmmaterial, which is forned to have second lattice
havi ng second spaci ng I nventor: Mirthy, Anand, US6531347:
Met hod of making recessed source drains to reduce fringing capacitance -
Manuf act ure of sem conductor device involves form ng source and drain
regions that are recessed at prescribed depth bel ow sem conductor substrate
surface Inventor: Huster, Carl US20050079692A1: Met hods to
fabricate MOSFET devi ces using sel ective deposition process - Fabrication
of silicon-based device on substrate surface involves depositing first and

second si | pRRBsCAMY 8bpurBatY ﬁ%ﬁé%l‘é\éaﬁ%@@ﬁﬁiﬂiﬂodé?/emﬁt&"Prijtrfei ;ssaﬁémand second

process gases, respectively Inventor: Sanoilov, Arkadii V.; Sunn
US20050104bievature tan he dieastednizinodpgideningiiedobawisg PateNesS t r ansi st or
structure - Manufacture of stressed netal oxide sem conductor transistor
structure conprises creating intentionally recessed region in region of

sem conduct or mat eri al ,USGBE1318aSengcd@ytorararsistdaeing arstesssedharegion to
i nduce tensile stress - |nventor: Shaheed, M Reaz:

US200501366(8HMICOBAUIRF rpBRister faf iptegraledarith SPMRIseasorre A4 48l and a
rethod of faidd el siifscodiBarain RUKUSES reibdifely BOLIBd arldiof @dicbaeg a

deposition rate and naintaining a | ow bias power in a plasm atnoSphere, a
spacer | aymadefaffilroxaaterisl, avhich isdormail te hdee begwd lattivg hayingegrasinded t hat

exhibits t i. t . unt of tensile stress is controll able
within a %%é*@ﬁ&é%f%g@%%ﬁm ng the potential for form ng sidewall
spacer elenents that nyB453134F: Mk of Aakingret®dydd souraadrdilii rebace
conductivity of the channel regjon of a field effect tran

US6902971: MMgisFaRas a8 e MARNUIGEHER O SEMRIndHEa ﬂswsﬁnv_oﬁl 2 Pir"é!;‘gi on of
ol et T ode. S PP ol el | Pl e Spacer
film nodusemioogdsctoessbsitaiesufacesti c of spacer film and etching film -
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



| nventor: G udowski, Paul A.; Austin, TX, United States of Anmerica
US20040142545A1: Sem conductor with tensile strained substrate and net hod
of making the sane - Formation of netal oxide sem conductor field effect
transi stor involves high conpression deposition that increases tensile
strain in silicon layer - Inventor: Ngo, Mnh V.; - shows nitride stress

| ayer over gate. Summary of the Invention The enbodi nents
of the present invention provide a structure and a nmethod of manufacturing
Field Effect Transistors (FETs) having a strained channel which is
characterized as foll ows. Exanpl e enbodi nents are
structures and nethods for formng an FET with Enbedded Stressor SID
regions (e.g., SiCGe), a doped |layer bel ow the enbedded S/ D region adjacent
to the iso i j : o d ; of the
FET gate. | Wde PAn Gh&by o s BORRial foP Kl bk A PR ARERI
provi de a dmtenaedifwihiewrhargy earriar ahdlity maditiouns the erelubivityadfethe Thangglt e
structure is .co%ri%g(? ﬁf qate. ielectric, a gate, and sidewall spacers. W
provi de i sGPHPNGh AT ERECHURANSIIO i r st regi on spaced fromthe gate
structure and a channelysegnmy1i: MrimestsH Biglehvall @pHOstestrdJ3emaadiatisd -uct ur e.
W form S/D recesses in the first region in the substrate adjacent to the
si dewal | spabegationvgl seanigpaduster, e« JBetat eydesenicandustpritransSiter, Pgcesses.
The SID st j j : j nt - : t han
ad; acent "t TR0 FREPoBRE06E Bt Helikic, NbARAadBoAg ARCA THENSPEE
stressor r &@bnonsdalating stress blearautesistiabé spadarilmhandSel@hitg fissor regi ons

adjacent to the isolatign regiong to f uppe tr or .doped regions. The
ol ai s and iRl Caudowskl el A pBustiy 1 dialedSiales & ARBH6R men <.
The above and bel ow advesbagestarslseRisentcomd e wikie Rirdae Rtralneye

enbodi nents only, and are not exhaustive and/or exclusive. They are
present ed 8WPstratg anslgnsthodpf iirldng thensAmg -t hermatigarfiraatal pxidghoul d be

under st OOdsélﬁH?é%r{gﬁgbgr%ﬁj ct E@H%Sﬁﬁ% Ibé/seh@ﬁ ct%hg)r&g@oh '&%@8&iii8ﬁ§1§?e“ ned

by the clalns, consi dere I'mtations rnvention as i ned by
t he cl ai nsjncoeaddsniensite singsin dmsiican layeent hivieatdrhidge) MintsV.; Fehowssitadee, sone

of these adyvant ages
stress %?/er over gate.



may be nutually contradictory, in that they cannot be sinultaneously
present in a single enbodinent. Simlarly, sone advantages are applicable
to one aspect of the invention, and inapplicable to others. Furthernore,
certain aspects of the clainmed invention have not been di scussed herein.
However, no inference should be drawn regardi ng those di scussed herein
relative to those not discussed herein other than for purposes of space and
reduci ng repetition. Thus, this summary of features and advantages shoul d
not be consi dered dispositive in determ ning equival ence. Additional
features and advantages of the invention will becone apparent in the
follow ng description, fromthe drawings, and fromthe clains. Brief
Description of the Draw ngs The features and advant ages of
a sem conductor device according to the present invention and further
details of a process of fabricating such a sem conductor device in
accordance with the present i nsumimarywfltheldlavestiencl early understood from

the foll ow ng descriptipon taken.in conjunction with.the acco nyi n

dr awi ngs 1 uhi ch 11 ke §51 BFERRI AR AN Bt HeBid R e B RoUALAY

cor respondighg £ ireRst 6f m@ﬁgf&ﬂﬁir'@fﬁemﬁe@”ﬁaﬁﬁgtdrélfF@Tsﬁ)fh'av_ing a strained
Figures 1 through 9 are cross sectional views for illustrating a nethod for

manuf act ur iISRgNERleVRICE{S elagratiesizsd f8dPUOWSFETs) having a strai ned channel
according to an exanpl e enbodi nent of the present invention. Detailed
Description of the Exanple Enbodi nents The exanpl e

enbodi nents of the presExamplevanmbodmenits brebstradsmesidnddnethodstfai formirghan

reference h cOo nyling. drawings. The ex e enmbodj nents, provide a
et hod of F& iy EIRRA £ Reab eupa e sbr SERb 7 Rpaniver RV Y

conpri se ORenYddEErSYDofegidicadjatémub tige fMtioraegiohsUARER skesessitier @0ped

regi on that extends bel ow the enbedded S/ D region, reduced wi dth spacers on

the FET gat@dudedmnaeeesobing REE8Rssor 1iner over the spacers of the PET
gate. A NFET gate struciyibga AP RERbIRbMpHsEY Hidfofowing. 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 from 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 limitations 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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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 gate capping |ayer 40, and sidewall| spacers. The spacers can be
conprised of one or nore |ayers. For exanple, the sidewall spacers can be
conprised of NFET first (e.g., L shaped) spacers 44, and NFET second
spacers 50. An exanple of a NFET gate structure 22 is given bel ow.

The NFET gate dielectric 32 can be conprised of Si0),Ny, nitrided Si02
(either by plasma or thernmal neans, or a conbination thereof), HL02,

Hf Si xOy, Hf Al xOy and can have a thickness between 8 and 50 angstrons.

The NFET gaﬁ@y @@nﬁﬁﬂalﬁﬁc&wﬁlf ¢t§ﬁﬂ|rptfhapﬂié§rc%lnn6[ b@%hﬁulﬁir@éuﬁy ﬁf@ééﬂtﬁn%UCh as
Ta, TaN, TaSi'N, TIN Ni Si or conbi nati on thereof and can have

a t hi cknessingie amdﬂoentaﬁdnnazm saﬁ@sadvmﬁages are applicable to org@sppgtofgat e
cappin Ia o) tr i can have
ChF Cknass. N 18nf85 M BORB A oulls: Futfiefihord, SolinUspsbffoahe!, P20 I
shaped spactdi med%mmlohmmrrmtlb@ed difcubbed hateinxioeewsr, i&@Bemmtechoukiay e

t hi ckness et en 20 ﬁ}? stron'g Eg NFET second
spacers 50 @ awa reg ”% Sgdl UtSP?Qi egin fptive ihiloga Mohdipeussati¢kitess
bet ween 20QterdhdQforanIsb &8s spHee ardetidhg regatitiay Fhas khse&dumhéry & t he

NFET regi on.
features and advantages should not be considered dispositive in determining

equivalence. Additional features and advantages of the invention will become

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



The FEET gate structure 20 can be conprised of a PFET gate dielectric 30, a
FEET gate 34, PFET gate capping |ayer 38, and sidewall spacers. The spacers
can be conprised of one or nore | ayers. For exanple, the sidewall spacers
can be conprised of PFET first (L shaped) spacers 42, and FEET second
spacers 52. A PFET channel region 29 is in the substrate bel ow the PFET

gat e. The PFET gate structure can have the sane

correspondi ng conposition and thickness as descri be 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

adj acent to the NFET gate 36. We provide FEET LDD regions

(or SDE regions) 56 adjacent to the FEET gate 34. It is optional to perform
a PFET source/drain or P-type graded or buffer inplant at this point. The
substrate can have a n-well 15 in the PFET region. Ve
provide isol ation regions 18 between the FEET region 14 and the NFET region
16. The isolation regions 1 ref [ abl Ilow trench isolation

regi ons conprised of silico b%f en ng‘l?ff ﬁ5ﬁ WIN on 18 preferably have
a thickness between 100&@@@&@9%@%&%@@@5 o$a sdthigbReldtbcddvadeer over the
substrate Referring gure , Wwe forma dielectric |ayer
64 over th@csoigéia fettbe nfﬁ%%&ﬂjm‘mj\tlpﬁ@f@aftlé et defetlsipba ppocesg of fafyicaliagect ri ¢

| ayer 64 i fer Err&% t rature
process (L%ﬁ@q %fs%rn% gé(%dd:ﬁ%m&%\ﬁ@éj a(chgda eqﬁtﬂifvee Sgb{t&ﬁ\é&@gg \@gg)r%ees C A
reason the nﬁd’r@cmearty&mcmrﬂbeﬁ éronethe fs)llb\hmtg descociptiom éal@asin icpnjuaniivedithn t he

| at er pad t he rocess Al.so, ture IS ferred because the
Lher mal - buddeeCaTramaB sy EichTE P R TaBiA BeSFeRP et The
di el ectri ¢ chavghorRinPERMEERE)] pegltas ahdt purekResAd etvaren 100 and 600
angst r omns.
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.



C. renove the dielectric |layer fromover the PFET region Ve
next forma first NFET mask 68 over the dielectric |layer 64 in the NFET
region 16 and over portions of the isolation regions 18. The mask is
preferably conprised of photoresist. W renove the
dielectric layer 64 fromover the PFET region using an etch process such as
a buffered HF etch. 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
t he 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
hori zontal direction, and some undercutting beneath the spacers 52 is
desi red. The recesses 70 can have a depth between 40 and 160 nm
E.form an enbedded st Dessited BeBcriptionrof the Example Embodiehts ring to figure
5A, preferably we performan epitaxy pre-clean to prepare the substrate
surface for the subsequent epitaxy process. The epitaxy pre-clean
preferably contains HF, TR: ER8MpIIeMBBIBRSRSYE tHY prleksBHi ifvahtwillPe @
conbi nati on of other chem cals and steps that include the gaseous HE or
| i qui d HF. described in detail with reédrene¢ tythecadcoguraay By, drawings: ni evbxaidele
stressor ( . i [ ., egi i i htu
Bor on dope%@%ﬁﬁgﬁofg%y%;?%@eeﬁg%?F@gﬁﬁ%{f]aF?lEﬁl \gfrﬂ@géi%éa%gg?setc |S\9(ESZ%i t axi al
gL ow h occuegioas) that osin bhmpﬁsemeg)rﬁoﬁemftthe lchI’BEITng fgitones: éﬁappbustré‘@bron
the gate styucture 20 so, .the dielectri 64 over the NEET region
16° et cct PR Tren thaGrinnds beiosh e badund Y adion, retucd widh

spacers on the FET gate structures and a stressor liner 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 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,,

HfSixOv, HfAlxOy and can have a thickness between 8 and 50 angstroms.



The enbedded stressor source/drain regions 74 are fornmed to create a
conpressive stress in the channel of the PFET. The Ge content of the Si Ge
can be in the range of 10 to 40 atom c percent. The enbedded stressor
region 74 can have a p-type inpurity concentration between 5E19 and 1E21

at ons/ cnB. The enbedded stressor S/D regions 74 (e.g., a

Si Ge layer) can be in-situ (boron) doped or inplanted with a dopant after
formati on. For exanple, we can forman intrinsic SiGe film followed by ion
inplantation (B or BF2 ). The ion inplantation dose is in the range of
1E15/cn2 and 6E15/cn2, with inplantation 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 abd NAEMgYte®d E@?Be%%ﬁ%@ﬁﬁf poR/-8N6k fdNeSRId o8 as
shown in figure 5A The 10 SiGe S/D regions 74 are thinner near the STI 18

because t h&rdaisssuh asi 13, dal.tleSINoWNs Ve Ry, i HhiSiear a peminatior giaseof Hence,
epi t axi al §h55%faﬂrr%%lb fhﬁ’c@%bgﬁétybé/ed ?0(5 N&d"FIdd SRistihection and limted
al” di fection.

growt h occurs Tromthe later The growt h of
Si Ge agai nst the STl siTdewdFETcmte bappiagds gt 400cart be gorghrisbe ot drere i s

no silicon_t row fromat the STI . region. Henc gromh is primarily in
Lhe ver {1 cSIOdT QESI3h AN el 4REsE OB 200 5K S batastiony

di rection. The NFBE fipbtD. sihd ackts adiAKPY cdhfrisHedhetalcan
have a thickness 74D between 40 and 180 nm and nore preferably between 60

and 140 nneXipeorJiEES gaadaaamaverbickmess Betwmenh(y and 20RiackaEe®s74C bet ween 1

and 80 nmand nore pr efﬂe%#%&%%%&ﬁ%?ag%%@gqoigaaﬂggé 56&1%_ri%8& bPnithad fie

t hi ckness 740 to thickness 7 : For
a PFET devoxide dndecay et a4 diclotessdgitwaen 2001 afice 7ol yingsispnssed of a

sem conduct or materi al ereb fter incorporatiaqn.in e host atonms (in
this case, it is the s%ﬁ"gﬁé??ﬁ/\ﬂ’ﬁ"&HaY%aé’ﬁ‘é’@ﬁﬂVdﬁ|”§)e gi%)é]hr_@ﬂ@"nat eri al
system becomes i nt er nall W“P"g@%@lﬁuctﬁﬂﬁzé 8ah be dq?ﬁﬁds%% dT‘aSF’TaE?baFéEt ween
the stressor and the substrate,” a conpressive strain is created in the

di recti on @gtentlieB0taPrhd gradde PFET gate capping layer 3§ arsigidewalt epdosrs.
conpri sed ] C i j in i | ice
Wik & fir obe SpREE PR IRIEH Bleblngre ista FRE PRI Ehick et
conpri sed gpacers ean bervdnedrizedraftRiTE Bfirst €. ghaseddespdcdss @P, hay iFFER second
|lattice wwth the sane gérﬁtp %er cture and a_second s%aci ng.

second spacers 52. FET 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
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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. F. renpove the first dielectric |ayer over the NFET region
and formisolation recesses in portions the isolation regions

Referring to figure 5B, we performan dielectric (e.g., oxide) etch to
renove the first dielectric |ayer 64 over the NFET region 16 and to form

i solation recesses 76 in the isolation regions in the areas not formally
covered by the first dielectric |ayer 64. The recessed STl helps to
increase the strain on the PFET channel fromthe subsequently fornmed stress
| ayer. The recesses 76 can have a depth 77 between 5 and 80 nm G renpbve
the PFET cap and NFET cap; and reduce overall sidewall spacers w dth

As shown in figure 6, we can efch.and renove the PFET gate _cappi | ayer 38
o neeT giale i foins SyaRed SrifenGdR o e Boinionredol sGEPE v and t he
second NFEhavBar®ickp@ss Befidn 160SRE 7060 AngstrbiRs. 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 redlice t he WQJealriGlayseovestire gubstratpp & 42) width between 5

and 80 percent and nore gfr«(zgrﬁrgé%b#gﬁirgﬁ‘ﬁ%e@g%% &gfec?r(l)c Ig%rcgfgvé:rotﬁga_rrﬁg to

the original total wdt )
reduced W @ubstp@tacRicfuding treagate isheicire 82D 20N ThB&lidIBanb eydr 6aTs phsferably

subsequently fornmed stress | ayer.
comprised of an oxide formed by a low temperature process (LTO), for example at
a temperate between 300 and 500 degrees C. A reason the LTO oxide is preferred
is that it can be easily removed in the later part of the process. Also, low
temperature is preferred because the thermal budget will have negligible impact
on the device architecture. The dielectric layer 64 preferably has a thickness

between 100 and 600 angstroms.

C. remove the dielectric layer from over the PFET region

We next form a first NFET mask 68 over the dielectric layer 64 in
the NFET region 16 and over portions of the isolation regions 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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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 conprised of 02, Ar, CHF3, CH3F, C4F8 or a conbination thereof. The etch
can al so have an "isotropic" conponent to further trimdown the spacer

wi dt h. The first spacer 42 is an L-shaped spacer conprised
of a bottomleg and a vertical spacer. The reduced second spacer 52A is on
the first spacer 42. The bottomleg is preferably |onger than the w dth of
t he second spacer 52A by between 5 and 60% H.form upper siressor doped
regions As shown in figure 7 we forma second NFET nmask 78 over the NFET
regi on 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 t he enbedded B doped Si Ge Source/drains 74 adjacent to the
i solation regions 18 to form upper stressor P-type doped regions (or
Stressor "wap around" TOopestasegs 60 caBlave a depth between 40landi 8650o@hi onal to
performthis B ion inplantati on before the renoval of PFET cap and 38 and

NFET cap 40 The i | npl ant atd An _dose can be in the range
of 5ELS cme and BELS/ cr@rMiR RThgsded Higtol PIRETs “bet ween 0.3 keV and
20 key. Referring to figure 5A, preferably we perform an epitaxy pre-clean

to prepare the substrate surface for the subsequent epitaxy process. The epitaxy
pre-clean preferably contains HF, either in the gaseous or liquid state, or a
combination of other chemicals and steps that include the gaseous HF or liquid
HF.

Referring to figure 5A, we form embedded stressor (e.g., B doped
SiGe) Source/drain regions 74 using 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 6E15/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 STI 18 as shown in figure 5A. The
10



The inplant can have a twist/tilt conponent, but preferably none, i.e. the
inplant 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 tines 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 bel ow the enbedded SID region 74 in to the substrate 10. This
i s because the enbedded S/ D regions 74 are thinner near the isolation

regi ons 18. The additional boron inplant 80 forns 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 surrounding the

Firet port i eoT O Rg by ait h el AaC RS LT oRABA BBy 9Refes T he

external repbataprary fbni HethBFSTT rdgivhcBenée, Sé?pltalxtal S868 gasvthhe pawakiacin
resi stance of the subsequent silicided region On the

ot her hand,the Nertisat@retigpranddimigsdamth W@C@B&f&ﬁaéhe Bterghdisertiont ends int o
the substrate and rei “fﬂ‘ié?gﬁav&th%f% de%@%h?stftﬁ@éw&@ewau %Qﬁbé%cé%,& ot he

N-wel |l near the STI edge enhanced “concentrati on of dopants at the
graded | uncredmed)eacammtrﬁﬂe iseog silicenl trc geow fron aldhadgd Imeglm tiende, wedwthand

Ceol ot1 om b BiRrhaS 5 VEfiEakaRETbh and e HRMRDEAR Hiffe b dPLOV s 1N

i npl ant at i @re8florl so gets i npl ant ed into the PFET poly-Si gate and hence it
i ncreases the dopant concentration at the poly-Si gate. This can reduce the
pol y-depl etion effect at the gate/gate dielectric interface and al so

[ﬁguggioﬁgemﬁ? r es' Stﬁ@@/@ s@B5ddreant ddceMthe 3p%Fer 8% EdrBNAR: 8 thi¥hds§MOVve
74D between 40 and 180 nm and more preferably between 60 and 140 nm. The
SiGe adjacent the STI 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 essentially Si), the material system
becomes internally compressed. Due to the lattice 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.

11



| .perform ng an anneal to formfinal junctions for both NFET and PFET

We preferably performan anneal to formfinal S/ D junctions for both NFET
and PFET. The P-type dopants fromthe enbedded S/D 74 diffuse into the
substrate to forma final P S/ID region 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 between 900 and 1350 C for a duration between 500 m crosec and
5 sec. Typically, a spike RTA anneal is performed for less than 1 sec. 14
The additional B inplant 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 STl edge

18, thus inproving isolation operti by. reducin + | P+ to
P-well (in the f(;j acent rﬂﬁ@ffptﬁggﬁ’ggggeﬁec#'c Byg,‘?ovgr ﬁ'e N%#i’?@(’:%’ﬁ%ngorti on
828 of the extended Rormisolatida icekeedln poReen Btiiensuistionaregionset ween S5E16
lcnB and 1E20 1cnB and portion 82B has a depth below the SID stressor 74

between 1 nmand 20 nm The second portion 82B can have a wi dth (distance)

82D between 1 and 20 n The second tion 828 has,. i.stance 8 at can

be between 5 and 60 pep%%fr?f”%@) ﬁ%ffs%ﬁé‘f% ' ‘B’ép\'ﬁi ‘ﬂ”i 'gn(?xﬁj(z??ﬁg‘%cent

of the averggsmbhé ek@ssdriedielaskr 83906r HRAIPRAT fdgion 16 and to form isolafidre

upper stressor "wrap around” P-type -doped region 82 Pref erably has a final
Y

dept h bel oVigedrsesdip i5iie iokation reRoNStip dag afeas Nop ey YRERLPL I 166t t he
thickness %ﬁelé&ﬁc?é);e‘?%ﬁpﬁ'hé%@ésséﬁ'STl helps to increase the strain on the PFET

channel from the subsequently formed stress layer.

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 O,, Ar, CHF3, CH3F, C4Fs 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



Tabl e: Exanple final concentrations for PFET devices |ow concentration
atons/ cnB hi gh concentration atons/cnB preferred | ow concentration
atons/cnB preferred high concentration atons/cn8 6E19 2E21 1E20

42. The bottom leg 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 form a second NFET mask 78 over the
NFET region 16.

Next we implant P-type dopant ions (boron) 80 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. This is

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



SE20 5E16 1E20 5E17 7E19 5E19 1E21 9E19 3E20 5E17

comprised of a first portion 82A surrounding 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. Also, 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 substrate and reinforces the B dopants that are in contact
with the N-well near the STl edge. The enhanced concentration of B dopants at
the graded junction near the STI edge reduces the leakage of P+ to N-well and P+
to P-well (in the adjacent NFET). Hence, region 82B greatly improves the isolation
properties 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 STl 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



2E20 1E18 1E20 J. suicide regions Referring to figure 9,
we can form suicide regions 72 over the Source and drain regions and the
gates. K. Stress liner Referring to figure 9, we forma
stress liner 76 over the substrate surface. The stress liner creates a
conpressive stress on the FEET 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 liner 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 device performance of the PFET,

The additional B implant helps to tailor the portion 82B of the B
region 82 junction provided below the SiGe embedded S/D region 74 near the ST
edge 18, thus improving isolation properties by reducing P+ to N-well and P+ to P-

well (in the adjacent NFET) leakages.

The second portion 82B of the extended B region 82 preferably
has B concentration between 5E16 /cm® and 1E20 /cm?® and portion 82B has a
depth below the S/D stressor 74 between 1 nm and 20 nm. The second portion
82B can have a width (distance) 82D between 1 and 20 nm. The second 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



we can use a conpressive stress liner with thickness of about 20 to 100 nm

wWth stress in the range of

enbodi nent

S

-1.5 GPato -5 GPa. L.non-limting exanple

The exanpl e enbodi mnents of the present

i nvention show nethods to fabricate PFETs using a novel
(eSi Ge) process schene that greatly enhances the PFET devi ce perfornmance.
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the nitride cap over the poly-S
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NFET

second spacers, but-—can-be fornmed - with-one—or—nore-than-one- _
Sinilarly, firstPosib82irent 6619 educed $p&drs, stred&20iners a?ﬁ%onal | ow
doped regi strie wrap ar dope re S 82) ¢ use
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gg\o/li i;;?ssgtrers%&"? s can be forned to apply the appropriate |stress for

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

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

Source and drain regions and the gates.

K.

Stress liner

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

surface. The stress 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 chann

el.

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

deposit a SiN layer 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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G ven the variety of enbodi nents of the present invention just described,

t he above description and illustrations show not be taken as limting the
scope of the present invention defined by the clains. Wi | e
t he invention has been particularly shown and described with reference to
the preferred enbodi nents thereof, it will be understood by those skilled
inthe art that various changes in formand details nay be made w t hout
departing fromthe spirit and scope of the invention. It is intended to
cover various nodifications and sim |l ar arrangenents and procedures, and
the scope of the appended clains therefore should be accorded the broadest
interpretation so as to enconpass all such nodifications and simlar
arrangenents and procedures. Wiat is clainmed is: 1.A nethod for formng
sem conduct or devi ce conpri Si ng; ) roviding a_substrate prepared with
a first acti%€an UEE 8iF Pﬁavﬁ%frﬁﬁ%{'“%fé‘p'@ tcleners ¢ Abp AL ot G nimp

separ at ed Q%e%&h?ﬁmﬁ%ﬂgékﬁQﬂSQQQSQQQSg@%.a second active region having a
second gate of a second transistor and separated by second isolation

regi ons, wherein the gates conprises sidewall spacers on sidewalls of the
gate; lining only the first active region with a |liner |ayer; form ng
recesses in source/drain (S/D) regions adjacent to the sides of the second
gate in the second active region unprotected by the |iner; form ng
doped S/ D stresdors in ndelinttiagseamplecsrmbadimentsoped S/ D stressors
conprist, dopants of a second polarity type; and i npl anti ng dopants
of the second pol arity thgexample emeoditests of the sreseydnentionfsbem upper
doped regqi j / reqi ce the
dopant cong'g%{]?g fcg%bgf:%eﬁliﬁgi%%ﬁ]gi%s #%ﬁ?ﬁerdggaﬁgregg§ﬂ?%ﬁﬁg% doped

regi ons corphémse thistegreatip endagapettte R Ddsvibaperfgrrhansd. ngh searaplé wr ap
i i ons bei | acent

around doped supregjons,.the first wa.p.araound sub-r ng, ad

to the gat @"éﬁ?dﬁmﬁgtié EBHHS'W%?{O&&%’R@ eg%éécﬁt}@uﬁiquéd? E‘%F%”'&(g}% ht to
second i solygbf PR ﬁcﬁ)?r*s@géﬁe WherRVBd ! Teerbhftst t RPETT QM@ SHOBLstredsdr r egi ons
are di nmsed wthin the "doped STD stressors and the second wrap around doped

sub- r egi onse@ian s wbjenied freadegddiogndB énplest by lormtnsiregaes wrap peelindegi ons
reduce ext %BB@JJ rég%j‘n.sb%g%%sorgd&aﬁg ‘?ﬁézgﬂgrr]iefl %'S?ét%ﬁ%,' the additional B implant
also helps to tailor the junction profile below the SiGe active regions near the STI
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 NFETSs.

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



The method clained | wherein formng the stressors conprises grow ng
stressars in the recesses by epitaxial growh. 3. The nethod claim|
wherein fanning the stressors conprises growing stressors in the recesses
by epitaxial growth, the stressors conpiise first portions adjacent to the
gate having planar surfaces arid second portions adjacent to the isolation
regions having slanted surfaces. 4. the ethod claim| wherein the
stressors conprise SiGe stressors. 5. The nethod claim| wherein form ng
the stressors conprises growing stressors in the recesses having top
surfaces above a surface of the substrate. 6. The nmethod claim| wherein
form ng recesses conprises: masking the first activen; and

isotropically etching the second active region selective to the isolation

<1 Gewal kot NEE 2GS LBk SusSsaP S BY WM e RE VB R he

first active thieBIFET SMHd &8bohidobag sillkenf(BIGH Tﬁétsltl‘é%sﬂlﬁéisfﬁhd/\é;tié)ss@r
dielectric liner. 8. The nethod claim!|l wherein |lining the first active

regi on conpPoioas canbeforranhie aPB'Néh%%PH'EﬁH”@FP pireeelos NFET devices.
Given the variety of embodiments of the present invention just

described, the above description and illustrations show not 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. 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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9. The method of claimconprises recessing at |east portions of the second
i solation region adjacent to the second active region; wherein recessed
portio recessed top surfaces above bottons of the stressors. 10. The

met hod of claim9 conprises formng a stress |liner over the second active
regi on coyering.t.he second transistor; wherein recessing the isolation
regions e BHAIGEALSs of the stress liner on a channel of the second
transistor. 11. The nethod of claim 10 conprises reducing w dths of second
spacers on sidewal k of the second gate to enhance stress of the stress
liner on the channel of the second transistor. 12. The method claim1l
conpri sesi. r edAcheodvfattbrnaihg séreicordana depaeepmpasingi: dewal k of the second
gate; and formng a stress |liner over the second active region

covering the sgeAfng & ailtralePrepaiEw Bh B fir@duGid@glonehaMingtafienfanses stress
of the stress liner on a channel of the second transistor. 13. The nethod

claiml WhRE b istor and sepdlGtell by FrstS31hYSh feEBNO An 2 RO 6SivR Baiby Pe
th ¥

transi stor an ) e Seco act v_e regi on conprises a p-type transi stor; and
E :1 Sn:} ;te zﬁz?vrir?g !clggclcj)%g ggte%?g%[eceosn%llt}la%si%{[& aad se%g.ra e(f:bhyasr}aggrlld gg)lahgr? reogi(;[r%,pe
wherein the gates comprises sidewall spacers on sidewalls of the gate;
lining only the first active region with a liner layer;
forming recesses in source/drain (S/D) regions adjacent to the sides of the
second gate in the second active region unprotected by the liner;
forming doped S/D stressors in the recesses, wherein the doped S/D stressors
comprise dopants of a second polarity type; and
implanting dopants of the second polarity type into the doped S/D stressors to
form upper doped regions in the S/D stressors, the upper doped regions enhance the
dopant concentration of the doped S/D stressors, wherein the upper doped regions
comprise wrap around doped regions having first and second wrap around doped sub-
regions, the first wrap around sub-regions being adjacent to the gate and the second
wrap around doped sub-regions being adjacent to second isolation regions, wherein
the first wrap around doped sub-regions are disposed within the doped S/D stressors

and the second wrap around doped sub-regions extend below the doped S/D stressors,

the upper doped regions reduce external resistance of the second transistor.

2, The method claimed 1 wherein forming the stressors comprises growing

stressors in the recesses by epitaxial growth.
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14. The method of claim 1l wherein formng the doped S/ D stressors conpri ses
i nsitu doped epitaxy, formng the S/D stressors conprises grow ng
stressots in the recesses by instu doped epitaxy, the stressors conprise
first portions adjacent to the gate having planar surfaces and second
portions adjacent to the solation regions having slanted surfaces; and

the ppe Tap ar biarcthop chimdgybesin{Papng e HEPSIfie CUPPATeS BB N8n of the doped
S/D sties 16. The nmethod of claim| wherein the upper doped regions conprise
a hi gher sossenirthtiraesss by epitaxdal godwth; the stiggserscopanmiss firfigartismier porti ons
of the doped & D stressors. A nethod for form ng sem conductor device

conpr i si ngjacent to th@ @ haViRg plndtisfaces mdpconrl @ativstddjazeiitito stie acti ve region
separated by first 1solation regions, the first active region includes a

first gatgoﬁﬁmgﬁj}ﬁngp%%gﬁhﬁhqhﬂh&gerein the first gate conprises a gate
di el ectric over the substrate, a gate el ectrode over the gate dielectric

and sidewal|l spacers on the first gate; formng recesses in S/ D regions
adj acent to sides of the first gate; Form ng doped SiD stressors in

t he recesses, wherein the doped Si P stressors conprjse dopants of a first
pol arity ‘f‘-ype' Thgpethod cla?m 1 \Q/herem tEe stressors compﬁsengl e stressors.

5. The method claim 1 wherein forming the stressors comprises growing

stressors in the recesses having top surfaces above a surface of the substrate.

6. The method claim 1 wherein forming recesses comprises:

masking the first active region; and

isotropically etching the second active region selective to the isolation regions
and the gate to form recess having an undercut below spacers on sidewalls of the

second gate.

7. The method claim 1 wherein lining the first active region comprises lining the

first active region with a dielectric liner.

8. The method claim 1 wherein lining the first active region comprises a low

temperature oxidation process.

9. The method of claim 1 comprises recessing at least portions of the second
isolation region adjacent to the second active region; wherein recessed portions have

recessed top surfaces above bottoms of the stressors.
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i npl anti ng dopants of the first polarity type into doped S/D stressors to
form upper doped regions in the doped S/D stressors, wherein the upper
doped regjons conprise wap around doped regi ons havi ng first wap
around doped sub-regions, the first wap around sub-regi ons being adjacent
to the gate, wherein the first wap around doped sub-region is disposed
within the doped S/D stressand second wrap around doped regions,

t he second vvraﬁ around doped sub-regi ons being adjacent to second isolation
regions, Wher ellhe methoded sim compriseuRamingobeirest bnereyeoihs sesandrgtiveel ow t he
doped S/ D stressors, wherein the wap around doped regi ons reduce
ext ernal regiinsdoandrg tic sebndftransistolaingeiatrecessiig the isdatwodrefions f or m ng

sem conduct or devi ce conpri sing: provi ding a substrate prepared with
a first agiHales'sBQsBY (REPRIALIRL dWa c}fahﬁéltof'tﬁé)ie%ﬁ@ﬂaﬂs%rons the first
active region having a first gate of a first transistor, wherein the first
gate conprises a gate dielectric over the ubstrate, a gate el ectrode over
the gate dielectric, a cap over the gate el ectrode and si dewal | spacers on

t he gate; or ] recesses.in . S/D regions.adjacent.to des of the tint
gaer o 1% R s R o OFomre G oving PG eEeelRBLRRRRPRI -t he doped
S/ D stressors conprise dopants of a first polarity type; reducing a width
of spacessidewalls of the second gate to enhance stress of the stress liner on the channel of the

second transistor.

12. The method claim 1 comprises:
reducing a width of the second spacers on sidewalls of the second gate; and
forming a stress liner over the second active region covering the second
transistor, wherein reducing the width enhances stress of the stress liner on a channel

of the second transistor.

13.  The method claim 1 wherein:
the first active region comprises a n-type transistor and the second active
region comprises a p-type transistor; and

the stressors induce a compressive stress on a channel of the p-type transistor.

14.  The method of claim 1 wherein forming the doped S/D stressors comprises
insitu doped epitaxy.
15.  The method of claim 1 wherein:
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i npl anting departs of the first polarity type into the S/D stressors to
form upper doped regions in the doped S/D stressors, wherein the upper
doped regi ons conprise wap around doped regions having first and second
wrap around doped subregions, the first wap around_sub-rogi ons being

adjacent to th ate and the second wap around doped, sub--regions being
adj acent to sef%'ﬁ’dng @SISZIPiSHF'FSP@@OH@,SC%&BW&WWGH%”QM@? TCRPSSES Y B doped
sub-region is disposed within the doped S/D stress ors and the second w ap
around dogerbdspisaxy dhaoviesseors eoraprins! fush nonéonsadiagers/tdtha gatshaing plepe wr ap
around doped regions reduce external resistance of he first transistor; and
form ng aswfacessnd deperid poreiond difadent ttth@blavien r@dmrhacmgatanteg suhfacdsi r st
transi stor, wherein reducing the width of the spacers enhances stress f the

stress liggy on a channel of the first transistor 19. The nethod claim 17
wherein formng the stressors conprises gro stressors in the recesses by

epitaxial gro , r r : | L i I to the
gate havi ng p}l\{e{l%e{lrp bgﬁvrwfsagcag@ﬁlgn%pg%@%gﬁa% ?%)ﬁ]lgggﬁdﬁt lg’g)gﬁP&ﬁgﬂtg ﬁ{ehtei on regi ons
havi ng sl:)gnteﬁgt‘)urfaces. 20. The nethod of claim 17 wherein formng the
doped S/ D'¥ oFESO6hpri ses insitu doped epitaxy. 71.' The method of claim
17 wherein the doped S/D stressors conprises doped Si Ge. 22. The net hod
claim 17 wherein form ng recesses conprises: nasking the first active
regi on; and

16.  The method of claim 1 wherein the upper doped regions comprise a higher

concentration of second polarity type dopants than other portions of the doped S/D

stressors.

17. A method for forming semiconductor device comprising:

providing a substrate prepared with a first active region separated by first
isolation regions, the first active region includes a first gate of a first transistor,
wherein the first gate comprises a gate dielectric over the substrate, a gate electrode
over the gate dielectric and sidewall spacers on the first gate;

forming recesses in S/D regions adjacent to sides of the first gate;

forming doped S/D stressors in the recesses, wherein the doped S/D stressors
comprise dopants of a first polarity type; and

implanting dopants of the first polarity type into doped S/D stressors to form
upper doped regions in the doped S/D stressors, wherein the upper doped regions
comprise wrap around doped regions having

first wrap around doped sub-regions, the first wrap around sub-regions
being adjacent to the gate, wherein the first wrap around doped sub-region is

disposed within the doped S/D stressors; and
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i sotropicaHy etching the first active region selective to the isolation
regions and the gate to formrecess having an undercut bel ow spacers on
sidewal | s of the first gate. 73. The nethod of claim1-7 conprises recessing
at | east portions of the second isolation region adjacent to the second

active region, wherein recessed rti,ons have recessed ton surfaces above
bottons of the stre%eé’BP‘i."Vrapz%F"’ﬂ‘fg&?Pé’fiﬁB%O% the sgf WPi%‘é@df‘ﬁ?Pﬁ‘?ng a stress

l'iner over the second active region covering the second transistor, wherein
recessi ng the p@otegionsheinggilivnent s, brenaé solatioa segiors, wherest thesecondner on a
channel of the second transistor. 15, The nmethod of claim24 conprises

reduci ng w dt hsraf ars@abduped pals-e¢cgomrexsind deiiw thealopths/IBeonmids,gate to
enhance stress of the stress liner on the channel of the second transistor.

The met hod cl ai m 18whBRIEHE wrRp Flobfd HBSedSEBAS RIS cSHIRNAISBSsEAQMMY
stressors in the recesses by epitaxial th, the stressors conprise first

portions adjac ate having planar surfaces and second portions
adj acent to thgﬁﬁg%ﬁg%gg%gTegions havi ng sl anted surfaces. The nethod claim
18 wherein:

18. A method for forming semiconductor device comprising:

providing a substrate prepared with a first active region separated by first
isolation regions, the first active region having a first gate of a first transistor, wherein
the first gate comprises a gate dielectric over the substrate, a gate electrode over the
gate dielectric, a cap over the gate electrode and sidewall spacers on the gate;

forming recesses in S/D regions adjacent to sides of the first gate;

forming doped S/D stressors in the recesses, wherein the doped S/D stressors
comprise dopants of a first polarity type;

reducing a width of spaces;

implanting dopants of the first polarity type into the S/D stressors to form
upper doped regions in the doped S/D stressors, wherein the upper doped regions
comprise wrap around doped regions having first and second wrap around doped sub-
regions, the first wrap around sub-regions being adjacent to the gate and the second
wrap around doped sub-regions being adjacent to second isolation regions, wherein
the first wrap around doped sub-region is disposed within the doped S/D stressors and
the second wrap around doped sub-regions_extend below the doped S/D stressors, the

wrap around doped regions reduce external resistance of the first transistor; and
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the first transistor conprises a p-type transistor; and the stressors
i nduce a conpressive stress on a channel of the p-type transistor,
forming a stress liner over the first active region covering the first transistor,
wherein reducing the width of the spacers enhances stress of the stress liner on a

channel of the first transistor.

19.  The method claim 17 wherein forming the stressors comprises growing
stressors in the recesses by epitaxial growth, the stressors comprise first portions
adjacent to the gate having planar surfaces and second portions adjacent to the

isolation regions having slanted surfaces.

20.  The method of claim 17 wherein forming the doped S/D stressors comprises

insitu doped epitaxy.

21.  The method of claim 17 wherein the doped S/D stressors comprises doped

SiGe.

22.  The method claim 17 wherein forming recesses comprises:

masking the first active region; and

isotropically etching the first active region selective to the isolation regions
and the gate to form recess having an undercut below spacers on sidewalls of the first

gate.

23.  The method of claim 17 comprises recessing at least portions of the second
isolation region adjacent to the second active region, wherein recessed portions have

recessed top surfaces above bottoms of the stressors.
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24.  The method of claim 23 comprises forming a stress liner over the second
active region covering the second transistor, wherein recessing the isolation regions

enhances stress of the stress liner on a channel of the second transistor.

25.  The method of claim 24 comprises reducing widths of second spacers on
sidewalls of the second gate to enhance stress of the stress liner on the channel of the

second transistor.

26.  The method claim 18 wherein forming the stressors comprises growing
stressors in the recesses by epitaxial growth, the stressors comprise first portions
adjacent to the gate having planar surfaces and second portions adjacent to the

isolation regions having slanted surfaces.

217. The method claim 18 wherein:

the first transistor comprises a p-type transistor; and

the stressors induce a compressive stress on a channel of the p-type transistor.
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