Formati on O Rai sed Source/Drain Structures in NFET

w th Enbedded Si Ge in PFET Background of Invention

1) Field of the Invention This invention relates
generally to devices and nethods for the fabrication
of sem conductor devices and nore particularly to the
fabrication of Field Effect Transistors (FETs) having
enbedded Source/Drain regions and FETs having raised
S/D regions. 2) Description of the Prior Art It is now
wel | -established that raised source/drain (S/ D)
structures and enbedded Si Ge (eSi Ge) are useful

techni ques to enhance device performance. However,
bot h techni ques invol ve conplicated processes conpared
to a normal CMOS process flow. Especially for eSiCe,
besi des the additional process needed for Si recess
and epitaxial gromh in the PFET S/ D region, the

eSi Ge schene needs additional process to protect the
poly-Si gate as well. It is also extrenely difficult
to integrate eSiGe in the PFET while having raised S/D
sFowmatiore OfiRaiséé Stirde/DFam $1Mmetires (8 NFE Pwethd®fbedded SiGe
the various deficiencies noted _above is evidenced by
t he extensive technological"U%ﬁETopnent directed to
the 1 subject, as docunented by the rel evant patent
and technical literature. The closest and apparently
nore rel evant technical devel opnents in the patent

:oiai :L?tsyre can be gl %%?(%rgé’n&%??ﬁ\?eel{tionrg the foll ow ng
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
Field Effect Transistors (FETs) having embedded Source/Drain regions and FETs
having raised S/D regions.

2) Description of the Prior Art

It is now well-established that raised source/drain (S/D) structures
and embedded SiGe (eSiGe) are useful techniques to enhance device
performance. However, both techniques involve complicated processes compared
to a normal CMOS process flow. Especially for eSiGe, besides the additional
process needed for Sirecess and epitaxial growth in the PFET S/D region, the
eSiGe scheme needs additional process to protect the poly-Si gate as well. it is
also extremely difficult to integrate eSiGe in the PFET while having raised S/D
structures in the NFET.

The importance of overcoming the various deficiencies noted

above is evidenced by the extensive technologicat development directed to the



US20050035409A1: Structure and nethod of a strained
channel transistor and a second sem conduct or
conmponent in an integrated circuit - Sem conductor
chip for use in sem conductor integrated circuit,
conpri ses sem conductor substrate having first and
second active regions, resistor forned in first
active region, and strai ned channel transistor forned
in second active region . [Inventor: Ko, Chih-Hsin;
Kaohsi ung, Tai wan US20050079692A1: Methods to
fabricate MOSFET devices using selective deposition
process - Fabrication of silicon-based device on
substrate surface involves depositing first and second

subiesbscinsumanteryby Heereievant patandan geqmicfab&t?erammtd The
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of n-type field effect transistor involves removing
silicon germanide material outside transistor body

and bel ow st WZ@’@O@EBH@@Q?:'W@tU@%d 8o 2sthdiSed channel

renmoved material with epitaxial silicon. Inventor:

thangiskas ang fosecongrsesricendUSEB aLBUINEBE ifi @@hrﬂemgmd circuit -

i i enm.conduct or.
R T R e
aachicimdiiotor Bobsieate ihavimgUirstarahsbabngi avtive e€is s resistor formed in

respegctivel sour.ce and/ or ain bein made of film
T BE 1S R s iias! ranas e ihed AGEre 2CHVG region
eveinb: KECON®-HsiiPREGIMGUAGIVIRIVER - Mirthy, Anand; The
pat ent shows a process for recessed S/D SiCGe regions.
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 fayers by
exposing to specified first and second process gases, respectively  Inventor:

Samoilov, Arkadii V.; Sunn

US6881635: Strained silicon NMOS devices with embedded
source/drain - Formation of n-type field effect transistor involves removing silicon
germanide material outside transistor body and below strained silicon layer and
replacing the removed material with epitaxial silicon. Inventor: Chidambarrao,
Dureseti

US6861318: Semiconductor transistor having a stressed channel
- Semiconductor transistor for integrated circuits, comprises source and drain
formed in source and drain recesses, respectively, source and/or drain being

made of film material, which is formed to have second lattice having second



US6531347: Met hod of meki ng recessed source drains to
reduce fringing capacitance - Manufacture of

sem conduct or device involves form ng source and
drain regions that are recessed at prescribed depth
bel ow sem conductor substrate surface |Inventor:
Huster, Carl US6849883: Strained SO MOSFET devi ce and
nmet hod of fabricating sane - MOSFET device as e.g.

| arge-scal e integration circuit conprises first
MOSFET with silicon layer in first region serving as
strained silicon channel and second MOSFET with
silicon epitaxial l|ayer serving as silicon channel

I nventor: ki hara, Masao; Tokyo, Japan Gene Fitzgerald
spaginguinyrnter Murthy rArandaThe datentisbews a proress for recessed S/D
?gg ééw eeti nes. conif showArticle.jht m ?articlel D=181
d 6 23/ 2004 12:00 PM EST) discusses boron doped
Si Ge epitaxy processes. 3 Summary of the Invention

Sonme exanpl e n t he present invention
provi d)e( g’p lﬁﬁ%@ﬂf@e"‘? %t drf%{rﬂa ngfeﬁlﬁ Z?é’PCFIfq ¢ging to reduce
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second FET device with enb Si Ge source/drain
SedfeeraNd dialt ragiansrtbabarg rﬁ@ew Ftdresasibedrttpptiabelow

Eq&ﬁ@ge t in NFET wth enbedded SiGe in
%,% QJIF%\L/HBE g SIqu%%%egate structure over a NFET

Hrgander: Hus@r,s@blsttrate and PFET gate structure over a
PFET region. W provide NFET SDE regi ons adj acent to
the NFET gate and provi de PFET SDE regi ons adjacent

It 0 : E: PFET 4786349683 9irBine@ GIINAOSFET H&VikE Bld hRgh&of
fabricating same - MOSFET device as e.g. large-scale integration circuit
comprises first MOSFET with silicon layer in first region serving as strained silicon
channel and second MOSFET with silicon epitaxial layer serving as silicon channel
- Inventor: Okihara, Masao; Tokyo, Japan

Gene Fitzgerald , “A quick primer on strained silicon” , URL:

http://www.eetimes.com/showArticle.jhtmi?articlelD=18100036  (02/23/2004

12:00 PM EST) discusses boron doped SiGe epitaxy processes.



substrate adjacent to the PFET second spacers. W form
a PFET enbedded Source/drain stressor in the
recesses. W forma NFET S/D epitaxial Si |ayer over
the NFET SDE regions and a PFET S/D epitaxial Si |ayer
over PFET enbedded Source/drain stressor. W perform
a NFET S/D inplant by inplanting N-type ions into
NFET regi on adjacent to the NFET gate structure and
into the NFET S/D epitaxial Si layer to formthe

rai sed NFET Source/drains. In another aspect, silicide
regions are forned and a stressor layer is forned
over the structures. The epitaxial Si |ayer over the
PFET enbedded Source/drain stressor helps to form
stable and low resistivity silicides over the PFET
enbedded Source/ dr ai | 0. anat her aspect,
reduced si ze spacersga?'é&'gg‘?rgrégleoﬁvﬁﬂgoaate

structures and a stressor | ayer is formed over the
structures. di tional Edl ments and aspects are

shown in t he %% fxagele %‘D AYiMests ghibedrsriddnyritipp grovide a
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features are of representative enbodi nents on

Strechiegs axha sseeNk el djayiceexith egibedded BiGe Saueze/draln regions.
presented only to assist in understanding the

invention. It should be understood that they are not

r epr esent at i Vestodctald arichesttodefor fgrntnglefisatbsolrge/Orgin structures
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advant age may be nut ual Ié contradictory, in tha
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one
substrate adjacent to the PFET second spacers. We form a PFET embedded

Source/drain stressor in the recesses. We form a NFET S/D epitaxial Si layer over
the NFET SDE regions and a PFET S/D epitaxial Si layer over PFET embedded
Source/drain stressor. We perform a NFET S/D implant by implanting N-type ions
into NFET region adjacent to the NFET gate structure and into the NFET S/D
epitaxial Silayer to form the raised NFET Source/drains.

In another aspect, silicide regions are formed and a stressor layer
is formed over the structures. The epitaxial Si layer over the PFET embedded
Source/drain stressor helps to form stable and low resistivity silicides over the
PFET embedded Source/drain stressor.

In another aspect, reduced size spacers are formed on the gate
structures and a stressor layer is formed over the structures.

Additional embodiments and aspects are shown in the claims as
submitted and amended during prosecution. -



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
summary of features and advantages shoul d not be
consi dered dispositive in determning equival ence.
Addi tional features and advantages of the invention
w Il becone apparent in the follow ng description,
fromthe drawi ngs, and fromthe clainms. 5 Brief
Description of the Drawi ngs The features and
advant ages of ¢ akevecaiftibelowradyentages and Jeatdresyanenft he
?E) SBhtatiy %mﬂoﬂﬂné’rﬂg ot taIFlngrar %P%if?au%{iv@a%&: gﬁgu&(/e. They
abricating such a sem-‘¢conductor device in accordance
wire pradeatqt edlgihd assisentunderstahding éhe ineectiotl. éaghoyld be

under st o frromthe foll ow .descrj ption taken [.n
CBRBIRAE i K Are ot e BN A PRI RSUET S Chfeshby the
ldi@s! &f 18 enestddtedBiratiofe h dalrRestidH AfHefied by the claims, or
correspondi ng el ements, regions and portions and I n

Wimitgkonspg gabyalenthiciigielaisaFer pigese swnpe ghitlespiasingntages
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invention will be described in detail with reference

{8 drawndegaREPag discaarerhRererielalivaip those not discussed herein
other than for purposes of space and reducing repetition. Thus, this summary of
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.



enbodi nents provide a nethod of formng a PFET wth
enbedded S/ D stressor regions, and raised S/Ds in the
NFET. In addition, a stress liner can be forned over
reduced spacers of the FET gate. A Provide a NFET
gate structure over a NFET region in a substrate and
PFET gate structure over a PFET region 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. The NFET gate
structure 22 is conprised of a NFET gate dielectric
32, a NFET gate 36, NFET gate cap |ayer 40 over the
NFET gate 36, NFET first (L-shaped) spacers 44, and
NFET second spacers 50. The gate cap |ayer 40 can be
conprised of silicon nitride. The NFET second spacers
50 can be conprised of silicon nitride. The PFET gate
structure 20 is pBeieéDasskriptionpfithe@rafviag®#FET gate
dielectric 3 PFET e 34, PFET. gate.cap |ayer 38
conpri sed of q‘&eﬂ’p@@ﬁ %“{ ??@taw%ﬁf?gﬁ?@tcooﬁu tﬂﬁ@@‘&fe

apes e t62he drsbeRtRlcaRSPA8 ﬁﬂ@fé@@%teﬁlg of ?érlﬁ‘oce?d:s%? fabrtcatmg
second spacers 52 can be conprised of silicon nitride

Pecth A setieondeetor Seivicedn aperrdapse witsiten p(%@ﬂ) !rkyantlon will be

hﬁ%%%g@aétﬂgqgggrst% ?rg\(/t!'lg% ‘9’@\@ E%%cr?)%oﬂq@%ﬂ ?Jﬁclﬁgn with

663 mqoamtyirtgadrahmg%ﬁliw#grm ike3rbferénté npmevald eiemgnate similar or

L T R PR T e
preferably STI regl ons conpri sed of

Figures 1 through 10 are cross sectional views for illustrating a
structure and method for manufacturing a first FET with raised Source/Drain
structures and a second FET with embedded SiGe in PFET according to an

example embodiment of the present invention.



silicon oxide. The structure can have a Pwell 17 in
the NFET region 16 and a Nwell 15 in the PFET region
14. PFET devices are forned in the PFET region. NFET
devices are formed in the NFET region. B. Formrecess
for PFET SID stressor Figures 2 and 3 show an exanpl e
process for formng the recesses 70. Referring to
figure 2 we forma dielectric |ayer 64 over the
substrate surface. The dielectric layer is preferably
conformal in nature and conprised of a | ow
tenperature oxide |ayer. The thickness of the
dielectric layer 64 can be between 80 to 350
Angstrons. The dielectric |ayer will be used as an
etch mask for the subsequent S/ D recess etch. W form

a first NFEJof3ReH PRI in
the NFET re%'{égn 16. V\ﬁﬁroé{ngetﬁﬁkﬁ‘gﬁ n{” C g@ser
fromover the PFET region wusing the first NFET mask

68 as an etch mask. A wet etch process is preferred;
the wet etch can be conprised of a buffered HF etch.

As shown in fwmmrﬁplewwwmﬁtstdmhé bfesdentNrEEniES il be
Referrin gure 3, we formrecesses 70 in the

ﬁﬁﬁﬁr“be&gm&@ta'ﬁwﬂh ﬁef?f?é‘C@G%'W aceompanyingdEnings Thiegeexample
eFr%Bo%ﬁSr"?t@. réﬂ&@%rrﬁe%d%'f&%:ﬁ? B e %ﬂ bed-la%% %tressor

can be conpri sed an isotroprc or ani so rop
oegians @mndi raseddiDefin ghe NFET. [n addition, a stress liner can be formed

over reduced spacers of the FET gate.

A. Provide a NFET gate structure over a NFET region in a substrate

and PFET gate structure over a PFET region

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.

The NFET gate structure 22 is comprised of a NFET gate
dielectric 32, a NFET gate 36, NFET gate cap fayer 40 over the NFET gate 36,
NFET first (L-shaped) spacers 44, and NFET second spacers 50. The gate cap
layer 40 can be comprised of silicon nitride. The NFET second spacers 50 can be
comprised of silicon nitride.

The PFET gate structure 20 is preferably comprised of a PFET
gate dielectric 30, a PFET gate 34, PFET gate cap layer 38 comprised of silicon
nitride, PFET first (L-shaped) spacers 42, and PFET second spacers 52. The
PFET second spacers 52 can be comprised of silicon nitride.

We provide NFET Source/drain extension (SDE) or lightly doped
drain (LDD) regions 58 adjacent to the NFET gate 36; and provide PFET LDD (or
SDE) regions 56 adjacent to the PFET gate 34.

7



both. A typical isotropic dry etch process is carried

out in a plasma etching chanber using a gas chem stry
conprising Cl2, He and/or SF6, and process conditions
that favor isotropic (or lateral) etch. In addition,
the etch chem stry is chosen such that it is highly
selective to the materials surrounding the gate
structures 22 and 20. In this way, the oxide and
nitride spacers surrounding the gate structures 22
and 20 are not etched or are etched to a m ni mum
extent. The recesses 70 preferably have a depth
between 30 and 150 nm C. form an PFET enbedded
Source/drain stressor Referring to figure 4, we
preferably performan epitaxy pre-clean of the recess
surface. The [ I bI rised
of 1, el t hor VoY e Mol EinR0igR iitiedp e PPEY 53Bh 14 and
tloerbliFEAt regivrof6. S'l’tmpsolaﬂoh catfensCalesprifeasbly 91 vel§lons bemprised of
gﬁgeous HF or liquid HF. W selectively forma PFET

gagxige (e.g., B doped SiGe) stressor in the

sour ce/ drain Vl’%tﬂfbtlzr@ cahlfavéid P%P‘ig% 'ERH‘NF g@ﬁ 16 and a
forms a lattice-m smatched region with the a

Swallybsinrthe £FEO regien 1 4 EFHMeﬂaraufwmecblrﬁée PFET region.
Th
lt\{ﬁtﬁ‘ BSﬁcéé”aFehf%Hﬁgé“Wﬂe ﬁ#ﬁ?ég’gﬁﬁE d €

i cé-mshatc region 1s using an
epi taxial grow h process such as chenical vapor
deposition, ultra-high vacuum cherri cal vapor

d Th t
CeoS e B g R G PERT ABIRERA Y, Ih oP Ly

exposed Si regions and not on the oxide or nitride
protected gate. The SiGe stressor is preferably

i n-situ dopedrigwes 2 ahd 3 shewmanpreseie peodasd iforfotminghie
Ce concen: tration in the SiGe alloy is between 10 and
O gy percent. The boron concentration in the SiGe

alloy is Referring to figure 2 we form a dielectric layer 64 over the
substrate surface. The dielectric layer is preferably conformal in nature and
comprised of a low temperature oxide layer. The thickness of the dielectric layer
64 can be between 80 to 350 Angstroms.

The dielectric layer will be used as an etch mask for the
subsequent S/D recess etch.

We form a first NFET mask 68 over the dielectric layer 64 in the
NFET region 16.

We remove the dielectric layer 64 from over the PFET region
using the first NFET mask 68 as an etch mask. A wet etch process is preferred:;
the wet etch can be comprised of a buffered HF etch.

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

Referring to figure 3, we form recesses 70 in the PFET region 14
in the substrate 10 adjacent to the PFET second spacers 52 using a RIE process.

The RIE can be comprised of an isotropic or anisotropic etch, or a combination of
8



between 8E19 /cnB to 1E21 /cnB. ‘9 Alternately, we can
first grow undoped Si Ge, followed by ion inplantation
and anneal to activate the dopants (e.g., B). The PFET
enbedded Source/drain stressor 74 is fornmed to put a
stress on the PFET channel region to inprove device
performance. The dielectric |ayer 64 over the NFET
region 16 protects the NFET from Si Ge epitaxia
growh. If the dielectric |ayer 64 over the gate
structures is not adequate to protect the NFET gate
36, for exanple, it may be thinned down or renoved
during the epitaxial preclean step, the NFET gate cap
| ayer 40 prevents Si Ge epitaxial growh in the NFET
é&m ﬁsa/plcah SOPPET @ateé:rt@rpcewgrcamaecamﬁ iRRETasinasttching

epl ?1%8 %%ﬁi&ﬁ@?ﬁy ﬁiﬁ* 'tsglgf§I dfq,\gpﬁe?r%pmcgss

ghoaltimohs treat l@‘aecg |soé?pllci(e)) mﬁrdn éthr} ih%mebntl g% %tbhf%hemlstry is
ielectric er over fhe region , orma
ﬁﬁé@%ﬁ@%%ﬁ? 3 hiohiy; sq %Bﬁléfﬁ la e mapizts gﬁr@l@?ﬁlm@meawate

@g 22 r | I
Subayes o Grb o o ol A1 | BB L g e

Sate slrygtees Y 2Breh2f arg adt @ph¢<1ayeare7acbacéto PREFIMUM extent.
enbedded (B e ) I | n st r or 74.
NFET S/D epi BB 7@&&%{’@; B HTB e a0 Bha 150

i@t of PFET S/D epitaxial Si |ayer 75 because t he
epitaxial Si grows faster over the Si substrate than
over the enbedded (SiGe) S/D 74. The reason is that
when Si  grows over a Si surface, hono-epitaxy occurs,

as opERFean ap FFEDeMbetH Jource/Trsn Stvédstie
(hetero-epitaxy occurs). The growth rate can al so be

control |l ed by

Referring to figure 4, we preferably perform an epitaxy pre-clean
of the recess surface. The epitaxy pre-clean preferably is comprised of HF, either
in the gaseous or liquid state, or a combination of steps and chemicals that include
the gaseous HF or liquid HF.

We selectively form a PFET embedded (e.g., B doped SiGe)
stressor in the source/drain region 74. The silicon-germanium alloy forms a
lattice-mismatched region with the adjacent Si substrate 70, and this causes strain
to be imparted in the channel direction. The lattice-mismatched region is formed
using an epitaxial growth process such as chemical vapor deposition, ultra-high
vacuum chemical vapor deposition, or molecular beam epitaxy. The epitaxy
process is selective because SiGe only grows on exposed Si regions and not on
the oxide or nitride protected gate. The SiGe stressor is preferably in-situ doped
with B. In the present embodiment, the Ge concentration in the SiGe alloy is
between 10 and 40 atomic percent. The boron concentration in the SiGe alloy is
between 8E19 /cm3 to 1E21 /em3.



t he epitaxy process conditions. The NFET gate cap

| ayer 40 and PFET gate cap |ayer 38 protects the
poly-Si gate fromthe Si epitaxial growth. 10 For
exanple the epitaxial Si grows between 5 % and 20 %
thicker over the Si Substrate than over the SiGe S/D
74. For exanple, the NFET S/ID epitaxial Si |ayer 79
has a thi ckness between 50 and 500 angstrons and the
PFET S/ D epitaxial Si layer 75 can have a thickness
bet ween 40 and 400 angstrons. It is a benefit that the
NFET S/D epitaxial Si layer 79 is thicker than that
PFET S/D epitaxial Si |layer 75 (e.g., between 5 % and
20 %thicker). This is because typically, when we
grow Si Ge st Adlesratelyawercsafissharpw unslogad SiGer fpllowet by ion

BPHEIENOE T HERL® SRy opBlP B F B TS it
not rai Sﬁd By being ?bl e to grow ? t hi cl;e(r:hSit hIaayer
Ku%EITnanfj E’FE&Eﬁa{:’s& fﬁs I nﬁ8§$ gﬂ'n‘éce @%’égﬁf%%ljséﬂr 78fis %Q&Ubeéido put a

S Sb wig PFET chahBelRegvhds SmprdieSfdvide ﬁér?&ﬁfaﬁcgaf o6 Bzelectrlc
for the su selguent contact opening/ R E ste Par t
P

taver Rtpyeihe MbET ssgian 1§iprotepts: thedNBRE friepr 8i em@mﬂgyowth If
EHEedIEI%ngc%%:r%T E&ep tﬁ@h%@%t ctotes! I@M?( age?q.%é hﬁ%%teg the NFET

consuned i n’a subsequée era
gpﬁetiﬁklfad exaimplayie maXzQaeadhdwnléEElmef or @md\wdl d@lringithé @piaxial

eS8 oI e o5, BEETSh. 200 408 PEEL R i o

[ 8136, $AbIPFEIeyMEQepIsyer B MFEEE%PS a‘i:@?@@i h
IaEg(rijb%g and PFET_S 9D g%?t a&?ral al | ayer gﬁ? pr%tectt ©

B?"éfaﬁ'@attﬁé“ fr&”%gﬁ%ﬁit@%'l%@‘u%s t hus reduci ng t he
ext ernal Referring to figure 4, we perform a dielectric (e.g., oxide) etch to

remove the first dielectric layer 64 over the NFET region 16.

D. form a NFET S/D epitaxial Si layer and a PFET S/D epitaxial Si layer

Referring to figure 5, we form a NFET S/D epitaxial Si layer 79
over the NFET SDE regions 58 and a PFET S/D epitaxial Si layer 75 over PFET
embedded (B doped SiGe) source/drain stressor 74.

The NFET S/D epitaxial Si layer 79 can be thicker than that of
PFET S/D epitaxial Si layer 75 because the epitaxial Si grows faster over the Si
substrate than over the embedded (SiGe) S/D 74. The reason is that when Si
grows over a Si surface, homo-epitaxy occurs, as opposed to Si growing over a
SiGe surface (hetero-epitaxy occurs). The growth rate can also be controlied by
the epitaxy process conditions.

The NFET gate cap layer 40 and PFET gate cap layer 38
protects the poly-Si gate from the Si epitaxial growth.

10



resi stance and S/ D sheet resistance, which in turn

wi Il inprove device performnce of both NFET and
PFET. The PFET S/D epitaxial Si layer 75 is doped by
outdi ffusing of B fromthe enbedded S/ D stressor
region 74 during a subsequent anneal. Since the PFET
S/ID epitaxial Si layer (Si cap layer) 75 over the
enbedded Source/drain stressor 74 will be consuned in
a subsequent salicide step, it acts as a sacrificial

| ayer for the PFET enbedded Source/drain stressor 74
to forma stable and low resistivity silicide. This is
because Si Ge al one usually does not forma | ow
resistivity silicide with the typical netallic

mat eri al s (e.F@r egampieithy epitgxiabbt glioms) betwren &r%tanel 20 % thicker

Skt (et é‘ﬁifﬁ% fas Rt SSidA8R ?Edﬁ‘gPtgﬁé % the NEET S/D

rotighness SVELIERY age o
RBEIxialnBidayke ¢ erhaﬁa HlicknegSe weteésl 80 mnd5b00Rangsesmsaaridte PFET

S0 ARl Saira nf a i Plesass Hefiveo P g 400, angstroms.
form ng the naducesheatit BRA theSRFETE/APAGRIl St ﬂag% r 70 iSthicker

option, we can renove PFET and NFET caps 38

mfm thehBYETtHD enitewinh SPiager €p4ear. Hebreemt % ked é’@c%r’(hlcker)

Vs 3RRELS DR U8 A0 B BB 6] e on
ogemvevthhebdvERfe csabst%e&ndhatt:h&mNEEaTrm ) amttur@nmlﬂus point
R el e B S RSB SR ko BTy 70
HERFEANtHREinal structure is such that both NFET and PFET has the almost the
same level of raised S/D structure. This provides a greater process margin for the
subsequent contact opening/ RIE step.

Part of the NFET S/D epitaxial Silayer 79 and more preferably
the entire PFET S/D epitaxial Si layer 75 will be consumed in a subsequent
salicide step. The NFET S/D epitaxial Si layer 79 and PFET S/D epitaxial Si layer
75 reduce or prevent the NFET S/D and the PFET S/D junctions from being
thinned and consumed in the subsequent salicide process.

The NFET S/D epitaxial Silayer 79 and PFET S/D epitaxial Si
layer 75 help to create the raised S/D structures, thus reducing the external
resistance and S/D sheet resistance, which in turn will improve device
performance of both NFET and PFET. The PFET S/D epitaxial Si layer 75 is
doped by outdiffusing of B from the embedded S/D stressor region 74 during a
subsequent anneal,

Since the PFET S/D epitaxial Si layer (Si cap layer) 75 over the
embedded Source/drain stressor 74 will be consumed in a subsequent salicide
step, it acts as a sacrificial layer for the PFET embedded Source/drain stressor 74
to form a stable and low resistivity silicide. This is because SiGe alone usually

does not form a low resistivity silicide with the typical metallic materials (e.g. Co,
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conprised of a hot phosphoric acid etch. Preferably-
the second PFET spacers 52 and the second NFET spacer
50 are conpletely renoved. Then, we formreduced
second PFET spacers 53 and reduced second NFET spacer
51. The reduced second PFET spacers 53 and reduced
second NFET spacer 51 are preferably conprised of
nitride. The spacer are called reduced because the
have a reduce height and wi dth conpared to the
original second spacer. This is an advantage because
the reduced spacers allow the stress froma
subsequently fornmed overlying stress liner to be
transmtted to the channel. The second reduced spacers
darNime NBt)t and/@oMessitidideforined thasmmoo sutiatg hnd intdrface

width compared to,the origjnal. se d r. 12 |
ERSSoTAS o Bovalfiadt phing) PBRU astti CmtiAged shessor
Sapecad®ragnE4 40 and renove only a top portion of the

second PFET spacers 52 and the second NFET spacers 50

to create the (reduced) second spacers 51 53. F. form
the NFET Source/drains Referring to figure 7, we form

a PFEE. panbv8heYrET &0 E’EE-Ehe WTOEaﬁﬁnon‘eHe the (reduced)

referring to figure 7, 'we inplant 61 N-type ions int
NFET regi 8¢cQ Spaﬂeltshe NFET Sour ce/ drai ns 60. Next

as shown in ﬁj%ure 8, we renpve the PFET nask 83.
perform an anh&m akeAtgashtvpeptions s fprmiag the redvsed Sized

@gégﬁygﬁég@ﬁgnneal to formfinal junctions.

In a first option, we can remove PFET and NFET caps 38 and 40
and remove the second PFET spacers 52 and the second NFET spacers 50. Then
we can reform the (reduced) second spacers.

Referring to figure 6, we etch and remove the PFET cap 38 and
the NFET cap 40 and remove the second PFET spacers 52 and the second NFET
spacer 50. The etch is preferably a nitride wet etch. The wet etch can be
comprised of a hot phosphoric acid etch. Preferably the second PFET spacers 52
and the second NFET spacer 50 are completely removed.

Then, we form reduced second PFET spacers 53 and reduced
second NFET spacer 51. The reduced second PFET spacers 53 and reduced
second NFET spacer 51 are preferably comprised of nitride.

The spacer are called reduced because the have a reduce height
and width compared to the original second spacer. This is an advantage because
the reduced spacers allow the stress from a subsequently formed overlying stress
liner to be transmitted to the channel. The second reduced spacers can be 30 to
70% smaller in terms of height and/or width compared to the original second

spacer.
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The PFET S/D epitaxial- Si layer 75 is doped by the
outdiffusion of inpurities (boron) fromthe enbedded
S/D 74. The anneal is preferably perfornmed at a
tenperature between 900 C and 1350 C for a tine
between 10 microsec and 5 sec. The anneal is
preferably a spike anneal. The P-type dopant fromthe
enbedded S/D 74 diffuses down into the substrate to
formfinal PFET S/D junctions 74A. H Silicide process
As shown in figure 9, silicide can be formed over the
gates and source/drain regions. On the NFET, gate
silicide layer 84 and raised S/D silicide |ayer 86
are fornmed over NFET gate 36 and NFET raised S/D 60
79. On the PRETset@nd opiiom vielcamgetah wid eriale PR EandNFET

I dnl Cl | ayer .90 .is farne ver PF te 34
e 26 Pl 40l i Sty b8 pefiolit ¢ Bheond T B T papfs 52 anc
thet séooindNBE T epacere 40hy dréitte thé |redlicsd)Wee6RE Shacdr 51 53,
formsilicide, we first deposit a netal |ayer such as

e . Pt NP or e, el

Cher ebt 7o e NFET SpUFRMAIRE o%ver the “substrate
face, th ¢ egion. 1 PEET regign 14

Then: e annaterip §9080e 7 APE T EFET wast BBt e rET

tegjioveti4) -silicides. We renove the unreacted netal
| ayer with a i@l ectjve tal _etch process (preferabl

wet etch). APUBFEIPHING tod{ahe 7apyedmpiash il Nrbme fons into NFET

tIieH ERImithe RFETOS oM elRainglon et al -si | i ci des of
desired silicide phases wth | ow sheet resistance

val ues. 1. fexh&s shovtdsdignie 8, we remove the PFET mask 83.

G. perform an anneal to form final junctions.

We then perform an anneal to form final junctions.

The PFET S/D epitaxial Silayer 75 is doped by the outdiffusion of
impurities (boron) from the embedded S/D 74.

The anneal is preferably performed at a temperature between
900 C and 1350 C for a time between 10 microsec and 5 sec. The anneal is
preferably a spike anneal.

The P-type dopant from the embedded S/D 74 diffuses down into
the substrate to form final PFET S/D junctions 74A.

H. Silicide process

As shown in figure 9, silicide can be formed over the gates and
source/drain regions. On the NFET, gate silicide layer 84 and raised S/D silicide
fayer 86 are formed over NFET gate 36 and NFET raised S/D 60 79. On the PFET
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Subsequent processing can continue, (see figure 10)
such as the formation: of a stress liner (e.g., SIN
92 over the substrate and FET devices. The stress
liner can create a conpressive stress on the PFET
channel . The reduced w dth PFET spacers 53 on the
PFET gate can increase the conpressive stress to the
PFET channel. Al so, we can forman interl evel
dielectric |ayer, contacts, and overlying dielectric
| ayers and interconnects. J. non-limting exanple
enbodi nents I n the above description the order of the
steps can be changed. 1In the above description
nunerous specific details are set forth such as fl

fegiQry 14, %teﬁlﬂ@ layer §hard S{RisHicidedavay, 90e+§éorm¢d10wrd%rfET gate
S8 RS i MR Sy AR 1Y) g rsumed oy
sidaitle procdns). povver settl ngs resi dence tines, gas

fl t f d '

1w 12t oo 20 AR RRS) ottt gl By 6 Bbentty

RO VRIRE, NcpcpaeCé%ﬁd@mbuﬁétuaﬁs mbﬁeoarahd it pFéf@réHl)@Nﬂ-ﬂ:tover the
i nvention may be practiced without these details.

pRirate ﬁgffa%éae 1) registp aﬂééfe%EFEE\f@glﬁaﬂ%éF@ﬁn w8 annal
@'%%UHSE‘%%]II@ t518E @At thB rREEPl mfe%l Eﬁhd\ég r\?fé%ﬁﬂv'e tﬁ? unreacted

obscure resent 1nvention hi's 1 nven
netal ey w:it’ﬂs@ selective mietal iebeh pr@ceﬂemréﬁecably m&ttllemh) n@fter this

b0 Bplgrdte e Ebakoal ™ Re@rind o RRER A 7&ern B desired

$ilicfie pHhabes With Ispenbét resikbdre\@ligesOr appar at uses but
only to their specific characteristics, such as

conformal and nonconformal, and capabilities, such as
depositing and etching, and other materials and

appar g¥i&her processing

Subsequent processing can continue, (see figure 10) such as the
formation: of a stress liner (e.g., SiN} 92 over the substrate and FET devices. The
stress liner can create a compressive stress on the PFET channel. The reduced
width PFET spacers 53 on the PFET gate can increase the compressive stress to
the PFET channel.

Also, we can form an interlevel dielectric layer, contacts, and

overlying dielectric layers and interconnects.

J. non-limiting example embodiments

In the above description the order of the steps can be changed.
In the above description numerous specific details are set forth such as flow rates,
pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. Those skilled in the art will realize that
power settings, residence times, gas flow rates are equipment specific and will

vary from one brand of equipment to another. It will be obvious, however, o one
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can be substituted as is well understood by those
skilled in the mcroelectronics arts after
appreciating the present invention Gven the variety
of enbodi ments of the present invention just

descri bed, the above description and illustrations
show not be taken as limting the scope of the
present invention defined by the clains. While the

i nvention has been particularly shown and descri bed
with reference to the preferred enbodi nents thereof,
it wll be understood by those skilled in the art
that various changes in formand details nay be nade
wi thout departing fromthe spirit and scope of the
iskilledtin §1e art that he prassobidvestiovinay bearadiced without these details.

TRtar IR, BB P B N BB AP A RE R i orcer
e nat cometedsiiig obsomdahé prederit prvehfidn.on so as to
enconpass all, such npdificatiogons and sim]lar

arrangenent s A Uﬁ%'&'@d%‘feég'.on S\RESD qe§c@% FrRiafivesto specific
%é@éth%fa&rriafsﬁ)E%Mti@e%ﬁé@eﬁgl‘%%tagfpa%%&ef& Bbiﬁhggnd

the steps of: a) providing a NFET gate structure ove

2o thesgireaterialsait &unst linites tarttle speefic prwterials ouepparatuses but

) egion. : vi di NEET region
S omnbh SRodP htelphsRbS Sulh Y soblplmr g GRBhCaEprmal, anc
ragabititesa djiele astgeggsi_!i'_agi; dneléﬁihi@taﬁm athed @atEriags zér_]d apparatus
recesses [.n, said. regi on in e substrate adjacent
€8N8 tbs el aciondl updraland Q!’)tt}‘P%‘?‘ 3HligH i pemcrosiectronics
ereeddedpSitingdhabRestint BReAtion N the recesses; e)
formng a NFET S/D epitaxial Si |ayer over the NFET

SDE regi ons dpigen 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 wilt 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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a PFET S/D epitaxial Si |layer over PFET enbedded
Source/drain stressor; f) performng a NFET S/D
i mplant by inplanting N-type ions into NFET region
adj acent to the NFET gate structure and into the NFET
S/ID epitaxial Si layer to formthe raised NFET
source/drains. 2. The nmethod of claim 1l wherein said
NFET gate structure is conprised of a NFET gate
dielectric, a NFET gate, NFET gate cap conprised of
nitride, NFET first spacers, NFET second spacers;
said PFET gate structure is conprised of a PFET gate
dielectric, a PFET gate, PFET gate cap conprised of
nitride, PFET first spacers, and PFET second 16
spacers and providing isolation regions between said
PFET region and said NFET region. 3. The nethod of
claim1 wherein the step of : formng recesses further
iWbahtidessimedfior mi ng a dielectric |ayer over the NFET
region; formng the recesses in the PFET region;
removing the dielectric layer. 4. The nmethod of claim

(}1 MWR@K&hAd ¥dFohfiRd as\!%i‘é&i}(%%ra& e_l\_f%g %&éﬁﬁ%ﬁg Fgéi%tgﬁg B2

%% and 20 % thicker than the PFE
| ayer. 5. The nethod of claim1 wherein after the NFET
S/ D epi

o Do) B B Bl e S E R 555 st an
renmovi ng $HEET gate structure over a PFET region;
b) providing NFET SDE regions adjacent to said NFET gate;
and providing PFET SDE regions adjacent to said PFET gate;
c) forming recesses in said PFET region in the substrate adjacent to said
PFET second spacers;
d) forming a PFET embedded Source/drain stressor in the recesses:
e) forming a NFET S/D epitaxial Si layer over the NFET SDE regions and
a PFET S/D epitaxial Si layer over PFET embedded Source/drain
stressor;
f) performing a NFET S/D implant by implanting N-type ions into NFET
region adjacent to the NFET gate structure and into the NFET S/D

epitaxial Si layer to form the raised NFET source/drains.

2. The method of claim 1 wherein
said NFET gate structure is comprised of a NFET gate dielectric, a NFET gate,
NFET gate cap comprised of nitride, NFET first spacers, NFET second
spacers;
said PFET gate structure is comprised of a PFET gate dielectric, a PFET gate,
PFET gate cap comprised of nitride, PFET first spacers, and PFET second
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second PFET spacers and said second NFET spacer;
form ng reduced second PFET spacers and reduced second
NFET spacer. 6. The nmethod of claim 1l wherein the
NFET S/D inplant is perforned by form ng a PFET mask
over the PFET region; inplanting N-type ions into
NFET regi on adjacent to the NFET gate structure and
into the NFET S/D epitaxial Si layer to formthe

rai sed NFET Source/drains; renoving the PFET mask. 7.
The method of claim1 which further includes: formng
silicide regions over the NFET SDE regions and the
PFET enbedded Source/drain stressor. 8. The nethod of
claim1 which further includes: 17 formng silicide
r eGPaBRISEEr t he NFET SDE regi ons and the PFET

C [ ; ' t .
e Rt YL ABRIR 1RO ERT Sk PG B SEREPE R osion
Rr-Ehe gadthod of vkl riewh&reinTihe si@d BPdfofrhingl rabeasksvibithér includes:
further includes: formng the PFET enbedded

sodr cfQFBWSi%d@lch%léifei@f%éh%hlﬁﬂ@igt'qm; Bor on doped
Si Ge fsprg@gwe%&%%%mﬂq%pﬁﬁ%@gﬁ- for formng a

sem con tor device conprisin ‘e steps of : a)

pr evi@muyiray iNEEdielgattie isfaruct ure over a NFET region in

a substrate and

4. The method of claim 1 wherein the NFET S/D epitaxial Si layer is between 5 %

and 20 % thicker than the PFET S/D Si epitaxial layer.

5. The method of claim 1 wherein after the NFET S/D epitaxial tayer is formed,
further comprises:

+ etching and removing the PFET cap and the NFET cap and removing said
second PFET spacers and said second NFET spacer;

» forming reduced second PFET spacers and reduced second NFET spacer.

6. The method of claim 1 wherein
e the NFET S/D implant is performed by forming a PFET mask over the PFET
region;
implanting N-type ions into NFET region adjacent to the NFET gate

structure and into the NFET S/D epitaxial Si layer to form the raised NFET
Source/drains;

removing the PFET mask.
7. The method of claim 1 which further includes:
« forming silicide regions over the NFET SDE regions and the PFET
embedded Source/drain stressor.

8. The method of claim 1 which further includes:
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PFET gate structure over a PFET region; (1) said NFET
gate structure is conprised of a NFET gate dielectric,
a NFET gate, NFET gate cap , NFET first spacers, NFET
second spacers; (2) said PFET gate structure is
conprised of a PFET gate dielectric, a PFET gate,
PFET gate cap, PFET first spacers, and PFET second
spacers; b) providing NFET SDE regions adjacent to
sai d NFET gate; and providing PFET SDE regi ons

adj acent to said PFET gate; c) form ng recesses in
said PFET region in the substrate adjacent to said
PFET second spacers; d) form ng a PFET enbedded
Source/drain stressor using an in-situ Boron doped

Si Ge epi tf@xmiqgsibt&dsregl@wsec)ve‘rmln@NF@TaSEﬁégﬁ’n@ and the PFET
epi t axi al b @g{g% over the NFET SIDE regions and a
PFET S/ D ¥PPed 0%‘1’09 %{9'&8 $$&PT PFET embedded

sour cg/ dffoﬁ'nﬁw E{r@ e(-lévetr S%F@Tra% Dné FNFIE"P(PQﬂe sthucture

| ayer |sth|c ert he PFE epitaxial S
| ayer ; fgn(bPEEﬂ'r@taﬁt]‘uctermw ng the PFET gate cap and

t F i.d d PFET
S DO E o o O R B3IE 55 Tor mi ng
reduced sfeanmg tREPFEPaseesdad dolpstigeth sessad UG Tan in-situ

spacers; . .
Boron doped SiGe epitaxy process.

10. A method for forming a 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 , NFET first spacers, NFET second
spacers;
(2) said PFET gate structure is comprised of a PFET gate dielectric
a PFET gate, PFET gate cap, PFET first spacers, and PFET
second spacers;
b) providing NFET SDE regions adjacent to said NFET gate;
and providing PFET SDE regions adjacent to said PFET gate;

L]

¢) forming recesses in said PFET region in the substrate adjacent to said
PFET second spacers;
d) forming a PFET embedded Source/drain stressor using an in-situ

Boron doped SiGe epitaxy process;
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h) performing a NFET S/D inplant by inplanting N-type
ions into NFET region adjacent to the NFET gate
structure and into the NFET S/ID epitaxial Si layer to
formthe NFET raised Source/drains; i) formng
silicide regions over the NFET raised source/drain
regions and the PFET enbedded source/drain stressor.
11. The nmethod of claim 10 which further includes:
formng a stressor |ayer over the substrate and NFET
gate structure and PFET gate structure. 12. A

sem conduct or device conprised of : a) a NFET gate
structure over a NFET region in a substrate and a PFET
gate structure over a PFET region in the substrate; b)
NFET SBE foregingrsNFRT s DdpMEEERI Belgiyonoeat] the 8IRET 8D&aiedions and

NFET gat e; REET.. S .egi ons adj nt to said PFET .
gate; c) pggjﬁ@ggﬁ feﬂ't%Dgoéig’%Eef P%ﬂ%ﬁfﬁ%%&dgaﬁw&@am
adj acent &@essard PFET second spacers; 19 d) PFET
enbedded soqurce/drain stressor in the recesses;

h
PrET onbiaden NERT S gpikal i avps iy ickes tegnibe T 60

doped Si Ge; | o/ D epitaxial Si |ayer over the
NFET SDE reaﬁ%)arﬁa al\éﬁﬁe) NFET Source/drains regions

adj acefit etcbingaindl nFEVinpthe REETligate eap and ¢ NFEFEhte cap and
regi on and ext.ending int i-d_NFET SDE regi ons;

wher ey TSR AasPE £F B asHcets anE S IRR HF f apacer
NFET  gpufor@irdf reid0sed SgtaHiSPPRT sbceFRE BUBcePséeHdaNFET
Si layer. 13. The sem conductor device of claim 12

whi ch fur 8P&E$:ncl udes:
h) performing a NFET S/D implant by implanting N-type ions into NFET

region adjacent to the NFET gate structure and into the NFET S/D
epitaxial Si layer to form the NFET raised Source/drains;
i} forming silicide regions over the NFET raised source/drain regions and

the PFET embedded source/drain stressor.

11. The method of claim 10 which further includes: forming a stressor layer over

the substrate and NFET gate structure and PFET gate structure.

12. A semiconductor device comprised of :

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

b) NFET SDE regions in said NFET region adjacent to said NFET gate;
and PFET SDE regions adjacent to said PFET gate;

c) recesses in said PFET region in the substrate adjacent to said PFET

second spacers;
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silicide regi-ons over the NFET raised source/drain
regions and the PFET enbedded source/drain stressor.
14. The sem conductor device of claim 12 which further
includes: silicide regions over the NFET raised
source/drain regions and the PFET enbedded
source/drain stressor; a stressor |ayer over the
substrate and NFET gate structure and PFET gate
structure. 15. The sem conductor device of claim12
whi ch further includes: said NFET gate structure is
conprised of a NFET gate dielectric, a NFET gate, and
NFET first spacers and reduced second NFET spacer 51
over the NFET first spacers; said PFET gate structure
i s comdd PE&d erhbeddRi<EBogededdrdinedtasstor i, tha reé¥dsEsgiiedRFET

23 gr P{: E l fgiﬁ_ﬁ{l:t)?atdf:lgﬁ %ﬁﬁé}%&%@ﬁgsrtre%gggdarg%%?nnp% 525 %-F d%ng %riée;

e) a NFET S/D epitaxial Si fayer over the NFET SDE regions and

f} NFET Source/drains regions adjacent to said NFET gate structure in
said NFET region and extending into said NFET SDE regions;
whereby raised NFET Source/drains are comprised of the NFET

Source/drains regions and the NFET S/D epitaxial Si layer.

13. The semiconductor device of claim 12 which further includes:
» silicide regions over the NFET raised source/drain regions and the
PFET embedded source/drain stressor .
14. The semiconductor device of claim 12 which further includes:
+ silicide regions over the NFET raised source/drain regions and the
PFET embedded source/drain stressor;

* astressor layer over the substrate and NFET gate structure and PFET
gate structure.

15. The semiconductor device of claim 12 which further includes:
» said NFET gate structure is comprised of a NFET gate dielectric, a
NFET gate, and NFET first spacers and reduced second NFET spacer
51 over the NFET first spacers;
said PFET gate structure is comprised of a PFET gate dielectric, a
PFET gate, and PFET first spacers and reduced second PFET spacers
over the PFET first spacers.
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