Formati on O Rai sed Source/Drain Structures in NFET with Enbedded Si Ge in
PFET Background of Invention 1) Field of the Invention Thi s
invention relates generally to devices and nethods for the fabrication of
sem conductor devices and nore particularly to the fabrication of Field

Ef fect Transistors (FETs) having enbedded Source/Drain regions and FETs
havi ng raised S/D regions. 2) Description of the Prior Art

It is now well-established that rai sed source/drain (S/D) structures and
enbedded Si Ge (eSi Ge) are useful techniques to enhance device perfornmance.
However, both techni ques involve conplicated processes conpared to a nornal
CMOS process flow. Especially for eSi Ge, besides the additional process
needed for Si recess and epitaxial growth in the PFET S/D region, the eSi Ge

schenme needs additional process to protect the poly-Si gate as well. It is
al so extrenely difficult to integrate eSiGe in the PFET while having raised
S/ D structures in the NFET. The i nportance of overcom ng the

vari ous deficiencies noted above is evidenced by the extensive
t echnol ogi cal devel opnent directed to the subject, as docunented by the

rel evant patent and technical liter ature The cl osest and apparently nore
rel evant te hni ¢ | op ts i the nt It b I ed by
consi deri ng 9ﬂga?8p%gfv\lﬁﬁ|§e§e§%qﬁc§l rain ruc ures in ﬁ[:Etl' '?h%a egdeqd %%e

in PFET

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
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 technological development directed to the



US20050035409A1: Structure and met hod of a strained channel transistor and
a second sem conduct or conponent in an integrated circuit - Sem conduct or
chip for use in sem conductor integrated circuit, conprises senm conductor
substrate having first and second active regions, resistor formed in first
active region, and strained channel transistor fornmed in second active
region . Inventor: Ko, Chih-Hsin; Kaohsiung, Taiwan

US20050079692A1: Methods to fabricate MOSFET devi ces using sel ective
deposition process - Fabrication of silicon-based device on substrate
surface invol ves depositing first and second silicon-containing |ayers by
exposing to specified first and second process gases, respectively

| nventor: Sanvil ov, Awkadii V.; Sunn US6881635: Strai ned
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Sem conductor transistor for integrated circuits, conprises source and
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integrati orin¥enteriko, &?H'%‘Hséré ENOVDBIEEN wi th silicon layer in first
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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

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



Summary of the Invention Sone exanpl e enbodi ments of the
present invention provide a structure and a nethod of manufacturing a FET
device with raised Source/Drain structures and a second FET device with
enbedded Si Ge source/drain regions. A structure and net hod
for formng raised source/Drain structures in NFET with enbedded SiGe in
PFET. We provide a NFET gate structure over a NFET region in a substrate
and PFET gate structure over a PFET region. W provide NFET SDE regions

adj acent to the NFET gate and provi de FEET SDE regi ons adjacent to the PFET
gate. W formrecesses in the PFET region in the substrate adjacent to the
FEET 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 regi ons

and a PFET [ ' ' ) ﬁﬁ?g QUL j essor.
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adj acent t Sit3eereylElES. gate structure and into the NFET S/ D epitaxial Si

| ayer to formthe rai sed NFET Source/drai ns. I n anot her
aspect, silicide regions are formed and a stressor layer is formed over the
structures. The epitaxi 85658154y aNetbva of niekii Fotbee 8¢ ddadeIPHINS €6 fEdide
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prosecuti o?. ) The above and bel ow advant ages and features
are of reprB¢IHPLHUE efldi ments onl'y, and are not exhaustive and/or
exclusive. They are presented only to assist in understanding the
invention. It should be understood that thSX are_not representative of all
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shoul d be drawn regardi ng those discussed herein relative to those not
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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 invention will be nore clearly understood from
the follow ng description taken in conjunction with the acconpanying
drawings in which like reference nunerals designate simlar or

correspondi ng el ements, regions and portions and in which:

Figures 1 through 10 are cross sectional views for illustrating a structure
and nmethod for manufacturing a first FET with raised Source/Drain
structures and a second FET with enbedded Si Ge in PFET according to an
exanpl e enbodi nent of the present invention. Detailed Description of the
Exanpl e Enbodi nent s The exanpl e enbodi nents of the present
invention will be described in detail with reference to the acconpanying
drawi ngs. The exanpl e enbodi nerfempmayiafdhe Ingehtidnof fornmng a PFET with
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 086meae>diiﬁﬁiereﬂmdﬁ'mleﬁtsaofﬁthb§)¥éﬁrﬂw@@ﬁtld?rhzﬁf‘bvﬂﬁ@
structure over a PFET region Referring to figure 1,

provi de a NtEEtyg@Eads Qs @f mangiastur E‘QI\GFEETr%'%W'ﬂG ralﬁecasgum.@r@tre 10
and PFET gaétﬁlcﬁ}rgé'%hblraes&%ne ?e\lf Eﬁ&gfpe&hBQd FlGe sourc /éjraln rﬁgg@@e NFET
i e

gate structure 22 is corrprlse gate ectric gate
36, NFET gate cap |ayer 40 over the NFET gate 36, NFET first (L-shaped)

spacers 44, and NFET se K0 acers 5 te ca 0.can be
conprised of silicon ni trSPHgslpﬁ'ﬁEd %Ogl A g]@aré‘@%g %%’ eéﬁ"ﬂ@ s@HWHF?
of silicon iniNAET®ith embedded SiGe in PFETE. R graaicea SIFRTCYateastr@turs over a
preferably con1‘gr| sed of a PFET gate dielectric 30, a PEET gate 34, PFET

gate cap | dYer! s0iedifpasyBsrae 3§1q PEbh gste siraelurepyer 3 PFST regiosh¥ised)
spacers 423){9\’/]9 NG §9@0r'ég1 icHA3EESem o tHORFETHats S frRRCBEE TIhEan be

conpri sed icon nitri
regions adjacent to the PFET gate. We form recesses in the PFET region in the

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 Si layer 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.



We provide NFET Source/drain extension (SDE) or lightly doped drain (LDD)
regi ons 58 adjacent to the NFET gate 36; and provide PFET LDD (or SDE)

regi ons 56 adjacent to the PFET gate 34. 7 W provi de

i sol ation regions 18 between the PFET region 14 and the NFET region 16. The
i solation regions are preferably STl regions conprised of 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 fornmed in the PFET regi on. NFET
devices are fornmed in the NFET region. B. Formrecess for PFET SID stressor
Figures 2 and 3 show an exanple process for form ng 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

compri sed of a | ow t eDerabypee BRI AHSIantIles i Ridkass b ofhe diel ectric
| ayer 64 can be between 80 to 350 Angstrons. The dielectric

| ayer will rbpreseethtiss eambcailmﬁntea@rny,fand aleena ixbadsidietarsl/or excdusive. dthen
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
may be mutually contradictory, in that they cannot be simultaneously present in a
single embodiment. Similarly, some advantages are applicable to one aspect of
the invention, and inapplicable to others. Furthermore, certain aspects of the
claimed invention have not been discussed herein. However, no inference should
be drawn regarding those discussed herein relative to 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.



W forma first NFET nmask 68 over the dielectric layer 64 in the NFET
regi on 16. We renove the dielectric |ayer 64 fromover the
PFET region using the first NFET nask 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 figure 3, we renove the first NFET nmask 68.

Referring to figure 3, we formrecesses 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 conprised of an isotropic or anisotropic etch, or a
conbination of 8 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
S F6, 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
gteg[‘ﬁdbg[ oo ggcgﬁg 1002 MBSt DS Shion of tfie DFSRIRGS 70 preferably have a

The features and advantages of a semiconductor device
according to the present invention and further details of a process of fabricating
such a semiconductor device in accordance with the present invention will be
more clearly understood from the following description taken in conjunction with
the accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

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.



C. forman PFET enbedded Source/drain stressor Referring
to figure 4, we preferably performan epitaxy pre-clean of the recess
surface. The epitaxy pre-clean preferably is conprised of HF, either in the
gaseous or liquid state, or a conbination of steps and chem cal s that

i ncl ude the gaseous HF or liquid HF. W selectively forma
PFET enbedded (e.g., B doped Si Ge) stressor in the source/drain region 74.
The silicon-germaniumalloy forms a lattice-m smatched region with the

adj acent Si substrate 70, and this causes strain to be inparted in the
channel direction. The lattice-m smatched region is formed using an

epi taxial growt h process such as chem cal vapor deposition, ultra-high
vacuum cheni cal vapor deposition, or nol ecul ar 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 Si Ge stressor is preferably
in-situ doped with B.DetaitddeDpseription @fftbeibxampletErobodiroentsent rati on in
the SiGe alloy is between 10 and 40 atom c percent. The boron concentration
inthe SiGe alloy is between 8E19 /cnB to 1E21 /cnB.

Alternately, we can first grow undoped Si Ge, followed by ion inplantation
and anneal to activate the dopants The PFET

e.g., B), : .
enbedded Source/drain SW%%%'PPWGWgO?“G?%%OfB‘GpFeﬁesﬁms'f‘Y%%@“d’W”tW?e PFET

channel regj ; i ; ! i I | 4 over
Cha NEET ¢ eRBibey IR ST EndPlo PETRRERpal BRSS! The RURDIER, ©

di el ectri c dnalyatimeatsopreridere mpghed st forming @ PHET with emhegidad &/Pstigsserect t he

NFET gate 36,. for_exanpl it. in . do r._h i t he
epi t axi al 6?%'8[133?{](&%%08?{%5 N&Eé %t‘%ﬁé@e%&%s’gtj'ﬁ\g}e)éﬁgb%?@g{%pi t axi al
growt h in tdhver Ndutegapacst ofthe FRAEJatgat e cap | ayer 38 and PFET first
spacers 42 protect the poly-Si gate 34 from Si Ge epitaxial growth.

Referring to figure 4, we performa dielectric (e.g., oxide) etch to renove
the first dielectric layer 64 over the NF ET region 16. D. forma NFET SID

epi taxial Si | ayprppfuea NEET ghte SRutfireddver a NF¥ITregion in a substrate
Referring to figure 5, we forma NFET S/D epitaxial S |ayer 79 over the

NFET SDE regi ons 58 and BFEFmRtgsrushiireqyes a SFOTKesHons over PFET enbedded
(B doped Si Ge) source/drain stressor 74.

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 layer 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.
Fi



The NFET S/D epitaxial Si layer 79 can be thicker than that of PFET S/D
epitaxial Si |ayer 75 because the 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, honp-epitaxy occurs, as opposed to Si grow ng over
a Si Ge surface (hetero-epitaxy occurs). The growh rate can al so be

controlled by the epitaxy process conditions. The NFET gate
cap layer 40 and PFET gate cap | ayer 38 protects the poly-Si gate fromthe
Si epitaxial grow h. For exanple the epitaxial Si grows

between 5 % and 20 %t hicker over the Si Substrate than over the SiGe SID
74. For exanple, the NFET S/D epitaxial Si |ayer 79 has a thickness between
50 and 500 angstrons and the PFET S/D epitaxial Si layer 75 can have a

t hi ckness between 40 and 400 angstrons. It is a benefit
that the NFET S/D epitaxial Si layer 79 is thicker than that PFET SID

epi tax: ial Si/vhl ayer 75 (Wegpr,ovhmiﬁeleﬁoﬁrégienﬂﬁm%e%eléefﬁ tHeePFET Thgionilg émi:zguse
typical ly, grow, Si stressor 74, there w an over gr owt ove
t he substréb%?\gﬂéﬂf F%&'C’ri‘ﬂgf ‘?rfssoé?t}oé‘i@@@“éﬁfﬁﬁ‘?fﬁﬁw§%ﬁ9'?ﬂﬁ%0 Bﬁ'?ﬁéq?fﬁe
NFET surfacgidop &ddd ! not raised. By being able to grow a thicker Si |ayer
79 in the NFET, the final structure is such that both NFET and PFET has the
al rost the same | evel ofhe airgelrescan baveiatRwell 17 theglbkT degion 1§ranst 2r

process ”arpﬂkétﬁgg-’ %&??gi?g@ﬁg% ﬁg@%f%%gﬁeg%'ré]%m%dﬁn%g PrET reﬁion.

I
Part of the and hore preferably thHe éntire
PFET S/ D epNFEEKidalicts ar@femetbinthé NHET egieunmed in a subsequent salicide
step. The NFET S/D epitaxial Si layer 79 and PFET S/D epitaxial Si |ayer 75
reduce or prevent the NFET SID and the PFET S/ D junctions from being
t hi nned and consuned in the subsequent salicide process.

The NFET S/ D epig. &Fdra réteds2ss PFET 8ol sbkeEEopl D epitaxial Si |ayer 75 help
to create the raised SID structures, thus reducing the external resistance

and S/ D sheet resistance, which in turn will inprove device performance of
both NFET and PFET. The_PFET S/ D epitaxial Si layer 75 is doped by
Ut di 11 usi ng of B T om FIHU b a0 PSS praelst Pobgro forTarats s
subsequent ragerak.70. Since the PFET S/D epitaxial Si |ayer
(Si cap layer) 75 over the enbedded Source/drain stressor 74 wll be
consuned i n a subsequerfiRefenling taifiguse @ove fermyatdielaelrig layes GAtaver #1e | ayer for

the PELT e r k - f ow
resistivi t%ﬁg?fﬁgisﬁggcgﬁfgé ?ﬁsé?%@,éé@épg %éféar?tgl’){géoﬂ%gﬁl %h@é‘g@%’é forma
| ow resi st icentpyised lof ailde tenriperathes vxipe taler nEtathicknesaibétheadisleclicgay€o, Ti,
Ni or NiPt), and/ oy the suici formed has poor surface and interface
roughness. Offidd %B%W%\/%d]foaggo 6NIPEAMS cap 75 over PFET enbedded
stressor Source/drain 7fe 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



E. renove the PFET cap and the NFET cap and create the (reduced) second
spacers There are at |least two options for formng the reduced sized second
spacers. In a first option, we can renove PFET and NFET
caps 38 and 40 and renove the second PFET spacers 52 and the second NFET
spacers 50. Then we can reformthe (reduced) second spacers.

Referring to figure 6, we etch and renove the PFET cap 38 and the NFET cap
40 and renove the second PFET spacers 52 and the second NFET spacer 50. The
etch is preferably a nitride wet etch. The wet etch can be conprised of a
hot phosphoric acid etch. Preferably the second PFET spacers 52 and the
second NFET spacer 50 are conpletely renoved. Then, we form
reduced second PFET spacers 53 and reduced second NFET spacer 51. The

reduced se o . n ET C 51 are

pr ef er abl bec ﬂp’&%’lﬁ g:%%(fr ﬁ?g quﬁjp c%gg?sdcgrﬁga Oq”fwga ?ﬂ)a}g@? gg?pg'gcal | ed
reduced bectmaaeadrmsurigae/ga@ch@:dmw d@heisingal, Neoudd/@:osparaeﬂ grocédse ori gi nal
second spacer. This is an advantage because the reduced spacers allow the

stress frorfiPAME9ns &atdRYIrySeERRIEEOTIRIaraly Fify- §1 Addton; theelehchrmisiyif i t t ed
to the chamisen Sen R AS hgHYGEEARAGANE ARIAR sthdupdrPfhalald er i n

ternms of height and/or w dth conpared he original sec pacer.
In a secondstr@lptureﬁZZ\mdc%hIretmﬁmaiydtheemm@@anﬁmrlaaépm sciapendidgdinel 40 and

pacer s 50 SflaPEA2A0f 20 B AT TERRGHG ala RAEES 2 et GeRCT Neer
Sour ce/ drai ns The recesses 70 preferably have a depth between 30 and 150

nm.

C. form an PFET embedded Source/drain stressor

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 /cm3.



Referring to figure 7, we forma PFET mask 83 over the PFET region 14.

Still referring to flgure 7, we inplant 61 N-type ions into NFET region to
formthe NFET Source/drains 60. Next, as shown in figure 8 we renove the
PFET mask 83. G perform an anneal to formfinal junctions. W then perform

an anneal to formfinal junctions. The FEET SI 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 mcrosec and 5
sec. The anneal is preferably a spi ke anneal. The P-type
dopant fromthe enbedded S/D 74 diffuses down into the substrate to form
final FEET S/D junctions 74A. H Silicide process As shown

in figure 9, suicide c%d&ﬁ?{e Wéjcéwﬁ,rt@al Seg&@%@g%é%r&%ye@d&r egi ons.

On the NFET, gate silici ér 84 an suicid are
f or med ovenleéEiEt@atacheﬁhrmailtd\lEEﬂVatatImdb;ﬂr[DSGéngSB).On t he PFET

The PFET embedded Source/drain stressor 74 is formed to put a
stress on the PFET channel region to improve device performance. The dielectric
layer 64 over the NFET region 16 protects the NFET from SiGe epitaxial growth. If
the dielectric layer 64 over the gate structures is not adequate to protect the NFET
gate 36, for example, it may be thinned down or removed during the epitaxial
preclean step, the NFET gate cap layer 40 prevents SiGe epitaxial growth in the
NFET gate 36. The PFET gate cap layer 38 and PFET first spacers 42 protect the
poly-Si gate 34 from SiGe epitaxial growth.

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 Silayer 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 controlled 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.
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region 14, gate suicide layer 88 and S/D suicide |ayer 90 is forned over
PFET gate 34 and stressor regions 74 (and Si epitaxial layer 75 if not
totally consuned by the suicide process). To form sui ci de,
we first deposit a nmetal l|ayer such as essentially Ni, Pt, NiPt, N Pd or
Co, or conbinations thereof and nost preferably Ni Pt over the substrate
surface, the NFET region 16 and the PFET region 14. Then, we anneal the
substrate 10 to convert the metal to netal-silicides. W renove the
unreacted netal layer with a selective nmetal etch process (preferably wet
etch). After this step, an optional heat treatnent is perfornmed to form
netal -silicides of desired silicide phases with | ow sheet resistance

val ues. L further processing Subsequent processing can
continue, (see figure 1 é%ﬁ it o I r
SiN) 92 over the substrg% an plggtfé%gl\}%)gél;@ glssb%&\gg%ﬁ |/ﬁ20‘r$]dczgr:%ctp(g§?g a

conpr essi veover thesSi Subdtiate BidTocdratha 8iGe 1D 74 dbhceexample htheMHE § flber s 53

on the PFET qate n in ase th ressive str he PFET, c | .

A sor e Pl SElyehia FAS aehitinereRetieaen 53 b B30 Andst s Znd BEEHES ny
di el ectri c 4/ayaiiexpinsi idyef76ARGHS a thickh@Bs bbfWéérﬂ@O @hamb%r?@b@msrre nts

In the above description the order of the StelBS can be changg In the

above description nunerlbifsa bpeefitthat et E SdPeritaxial 5 lewes (R is thicker ow
e PO PP, o191y b b

thorough un rese I on. ose ski he art
w |l reali Zigid h;aﬁeqaumertypsmltyl m@en wegraﬂeﬁc@e streesor Gashdreovill batees ar e

equi prent specifi¢c and w |l vary fro ne brand_ of nme nothe I t
w1 "he obohgtaony Ao e stige s oS BraRec B Seiire' & BESROR

i nvention ARY NFE TP§@eddeCie Gtininbh eided. MRASeiAg bBid . groW DtHieKer 'Snﬁiy@ﬁ(lgﬁ‘m wel |
known process have not been described in detail in order to not

unnecessar ithg N&igc the finalestipcigens suelyhat beth 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 Si layer 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 Silayer 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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Al t hough this invention has been described relative to specific insulating
mat erials, conductive materials and apparatuses for depositing and etching
these materials, it is not limted to the specific materials or apparatuses
but only to their specific characteristics, such as conformal and
nonconformal, and capabilities, such as depositing and etching, and ot her
mat eri al s and apparatus can be substituted as is well understood by those
skilled in the mcroelectronics arts after appreciating the present

i nvention G ven the variety of enbodi nents of the present
i nvention just described, the above description and illustrations show not
be taken as limting the scope of the present invention defined by the

cl ai ns. Wil e the invention has been particularly shown

and descri bed\w t4.d:€ef i eof , it will
be- under st adc byt VG anufE e gef8TRRAE] st BePTRRELEN RBEET ¢ or m and
det ai | s mayobghmede Thistib antadieptadd ofghé ISheap 16 sfeir ARE Taachbedded sésddre
invention. [t is intended to cover various nodifications and simlar

ar r angenent Lﬁﬁ%l'dfﬁ'ngdur es, and the scope of the appended clains therefore
shoul d be accorded the broadest interpretation so as to enconpass all such
nodi fi cations and simlar arrangenents and procedures. Wat is clained is:
1. A nethod for fanning a sem conductor device cortiprising the steps of:
provi di ng a N ddpdamave etk lcapraidtha NFET\gaprang sreats; Gdt’%ﬁ’léCQSBer NFET

region in a substrat $egggdasﬁé\%ﬁged field effect transistor (FFET) gate
structure over a PFET region, erein a gate structure conprises first and

second spacers on sal :FakaraR|hst o bpidis for forming@tiey fediuaed Nl sour ce
drain extension (SDE) regions adjacent to said NEET gate; and providing

PEET SDE r 8§rond seageeent to said PMgate; Formng recesses in said PEET
region in the substratquagdsacghfiod e ke rdribve BRETUhFRRAES Sips 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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form ng a PEET enbedded Source/drain stressor in the recesses;

formng a NETT source drain (SiD) epitaxial Si |ayer over the NFET SDE
regions and a FEET S/D epitaxial Si |ayer over PEET enbedded source/drain
stressor, wherein the NEET SID epitaxial |ayer conprises a faster growth
rate than the FEET S/D epitaxial Si |ayer; renoving the cap | ayer on
the PEET and NEFF gate structures and reduci ng second spacers of the gate
structures to formreduced second PEET spacers and reduced second NFET
spacers: and performng a NEET til/D inplant by inplanting N-type
ions into NTET region adjacent to the NTET gate structure and into the MEET
S/D epitaxial Si layer to formthe rai sed NEET source/drains. 2. A nethod
for form ng a sem conductor device conprising the steps of; ' a) providing

a -NETT gate structure IRVaeéec%ngg\%:aﬁoh,eweowpﬁ Sgpggé{&g%@@'ﬁ ahfNFegat €

structure over a PEET region; ructure 1's conprised
of a NFET gapse 38iaridetd and reraoW-biflygatap pdibd of dieesemmd INFET shacers 52pacer s.

NTET second spacers; 2) said PEET gate structure is conpris f a. PEET
gate di el eﬂﬁ g%gorgis I&EE% s)pacers 50 to create the (reduced) seconcf sggcers %(‘ij 5%.
F. form the NFET Source/drains

Referring to figure 7, we form a PFET mask 83 over the PFET
region 14.

Still referring to figure 7, we implant 61 N-type ions into NFET
region to form the NFET Source/drains 60.

Next, as shown in figure 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
layer 86 are formed over NFET gate 36 and NFET raised S/D 60 79. On the PFET
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gate, PEET gate cap, FEET first spacers, and FEET second spacers; b)
provi ding NETT SDE regions adjacent to said NEET gate; and provid FEET SDE
regi ons adjacent to said PEET gate; c) formng recesses in. said
FEET region in the substrate adjacent to said FEET second spacers;

d) form ng a PEET enbedded Source/drain stressor using an in-situ Boron
doped SI Ge epitaxy process; e) formng a NETT S/D epitaxiai Si |ayer
over the NEET SDE regions and a FEET Si!) epitaxial Si |ayer over PEET
enbedded source/drain stressor; (1) the MEET S/D cpitaxial Si l|ayer is
(lueker than the FEET -SID epitaxial Si |ayer; 0 etching and
renmovi ng the FEET gate cap and the NFET gate cap and renovi ng said second
PEET spacers and said second MEET spacer; g) form ng reduced second FEET

spacers angdigdygedResnide NyEF s8RAGRS A silicide layer 90 is formed over PFET gate
34 and stressor regions 74 (and Si epitaxial layer 75 if not totally consumed by the
silicide process).

To form silicide, we first deposit a metal layer such as essentially

Ni, Pt, NiPt, NiPd or Co, or combinations thereof and most preferably NiPt over the
substrate surface, the NFET region 16 and the PFET region 14. Then, we anneal
the substrate 10 to convert the metal to metal-silicides. We remove the unreacted
metal layer with a selective metal etch process (preferably wet etch). After this
step, an optional heat treatment is performed to form metal-silicides of desired

silicide phases with low sheet resistance values.

I. further 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, to one
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11) petit:in NFET SIL) inplant by inplanting N-type ions into NETT region
adj acent to the NEET gate structure and into the -NFET epitaxial Si |ayer
to formthe MEET rai sed Source/drains; i) fram ng suicide regions
over the NW raised source/drain regions and the PEET enbedded source/drain
stressor. 3. The nethod of :aim2 which further includes; formng a stressor
| ayer over the substrate and NFET gate structure and PEET gate structrure.
A nmet hod for fonning a sem conductor device conprising: providing a
subsirate having first and. second active regions, wherein the first and
second active regions are prepared wth fi Est and second transistor gate
strndures of first and 7 second transistors, wherein a gate structure
conprises first and second spacers and a cap | ayer;

skilled in the art that the present invention may be practiced without these details.
In other instances, well known process have not been described in detail in order
to not unnecessarily obscure the present invention.

Although this invention has been described relative to specific
insulating materials, conductive materials and apparatuses for depositing and
etching these materials, it is not limited to the specific materials or apparatuses but
only to their specific characteristics, such as conformal and nonconformal, and
capabilities, such as depositing and etching, and other materials and apparatus
can be substituted as is well understood by those skilled in the microelectronics
arts after appreciating the present invention

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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form ng recesses in the second active region adjacent to the second
transistor gate structure; filling the recesses with a fill layer;

Ib:mng first source/dram (ski) layers in the first active region. adjacent
to the first gate structure and second sld | ayers over the recesses in the
econd active region, wherein the first sid |ayers conprise a faster growth
rate than the second slit |layers; and renmovi ng caps over the first
and second gate stnctures and reduci ng second sidewal | spacers on the first
and seconWhgs elaigiediggt ures. 5. The nethod of claim4 wherein the first
transi stor conprises a n-type transistor and the second transistor

conpri sesla p- fyprthodrenfeinings semiconductorfecheomtpoigingthesicas 9 4 wherein the
fill layer conprises a SiC e |ayer and the sid |ayers conprise a Si |ayer.
7. The met hod pPvidingiaN-donse fipidicted tramppstaa (NFIRD seiestucterg geeriadid Tirpgion t he
first active region, wherein the first t ge ions corriptise n-type ions,

8. The neinligubsbtcehdp ﬁ'rdx!PWfal@ffﬁcttW@SiﬁPt&/’ Ebygste toppicioyerq ESiregien. | ayer
doped with second type ions. The nmethod of CA ai DA 8 whereinfill |ayer is

f or med, uwherginamgate atragitrg cg@ris%(first and second spacers on sidewalls and a cap layer;

providing NFET source drain extension (SDE) regions adjacent to said NFET gate;
and providing PFET SDE regions adjacent to said PFET gate;

forming recesses in said PFET region in the substrate adjacent to said PFET second
spacers;

forming a PFET embedded Source/drain stressor in the recesses;

forming a NFET source drain (S/D) epitaxial Si layer over the NFET SDE regions
and a PFET S/D epitaxial Si layer over PFET embedded source/drain stressor, wherein the
NFET S/D epitaxial layer comprises a faster growth rate than the PFET S/D epitaxial Si layer;

removing the cap layer on the PFET and NFET gate structures and reducing second
spacers of the gate structures to form reduced second PFET spacers and reduced second
NFET spacers; and

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. 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;
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process. 10. The nethod of claim4 further includes formng a stressor |ayer
over the substrate and first and second transistor gate structures. A

met hod for form ng a sem conductor device conprising: provi ding a
substrate having first and second active regions, wherein the first and
second active regio ar, epared with firs | secon ans r gate
structures of fi rst&;ﬁ d?gﬁ,gﬁ TS léf?fp%nseé\ﬁtgarnﬁ?qegta%edd?lwréct i<';]r§1]tgﬂlosecond

gate structures include caps over the gate structures and first and second

si dewal | %aﬁ%tcers on sidewalls of the gate structures; f ormi ng
stressors in t e(%ond I?Iﬁ%'lln e re |on cent to the secondsi stor gate
structure; and gaecalpo Stfsipii VEFRd §iCTre substrate in the

first active region, ad theflrst at e, ture and sid layers
on the stresso r?‘ﬁdlf‘%é@gigb hdegusiadiacentiys ﬂw\ﬁiﬁg"g’r #pd;ny V“? & /d |ayers
conpri se aster rowt hr han the second. sld layers; renoving caps
over the gp&éffgloé’ﬁa Jg‘?fetotﬂda‘gg?%—}g‘it?’uctur es; and

¢) 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;

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;

(1) the NFET S/D epitaxial Si layer is thicker than the PFET S/D epitaxial Si
layer;

f) etching and removing the PFET gate cap and the NFET gate cap and removing said
second PFET spacers and said second NFET spacer;

g) forming reduced second PFET spacers and reduced second NFET spacers;

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.

8: The method of claim 2 which further includes: forming a stressor layer over the

substrate and NFET gate structure and PFET gate structrure.

4, A method for forming a semiconductor device comprising:
providing a substrate having first and second active regions, wherein the first and

second active regions are prepared with first and second transistor gate structures of first and
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reduci ng the second sidewall spacers on the first and second gate
structures. 13. The nethod of claim l12erein the finm . transistor conprises
n-typetransi stor and the second transistor conprises a p-type transistor.
14. The method of claim 13 wherein: the stressors conprise a top surface
above the substrate; d. the first. and second aid | ayers formfirst
2nd SecontiePE L Sl aTT e £l SEOBr SR LT B EI RIS or s; 1 he
first andlsegond rai sed slid structures having top surfaces which are about
copl anar. ®95. The nmethod of claim 12 wherein the stressors conprise a top
surface above the substrate. 13. The nethg of glain112 wherein first and
second ski | aySFRingseqeses indhe sqeqpd aptvgAepiongdiacent & e SepiifaiNer Sie t he first
and second transistors, the first and second raised aid structures haying
top surfal®™hich are about coplanar. 17. The nethod of claim 12

conprises inplapti first t ions into the first sid | ayer over the
Ellmeftassersss wH A

first active r °Mi f f usi on structures.

forming first source/drain (s/d) layers in the first active region adjacent to the first
gate structure and second s/d layers over the recesses in the second active region, wherein the
first s/d layers comprise a faster growth rate than the second s/d layers; and

removing caps over the first and second gate structures and reducing second sidewall

spacers on the first and second gate structures.

5. The method of claim 4 wherein the first transistor comprises a n-type transistor and

the second transistor comprises a p-type transistor.

6. The method of claim 4 wherein the fill layer comprises a SiGe layer and the s/d layers

comprise a Si layer.

7. The method of claim 4 comprises implanting first type ions into the first active

region, wherein the first type ions comprise n-type ions.

8. The method of claim 4 wherein the fill layer comprises a SiGe layer doped with

second type ions.

9. The method of claim 8 wherein the fill layer is formed using an in-situ epitaxy
process.
10. The method of claim 4 further includes forming a stressor layer over the substrate and

first and second transistor gate structures.
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18. The method of claim 12 whereinthe stressors conprises Si Ge, doped with
kl EIS of a second type. 19. The nethod of claim 18 wherein the second type
ions conprises p-type. 20The nethod of claim 12 wherein the stressors
conprises SiGe doped with ions of a second type and the first and second
sid layers conprise Si. 2.1.The nethod of claim 12 wherein ifO ning,
stressors conprises recessing the substrate in the second active
regi on ad cen cond .gate_strucfure; and fillij the recess with
Gt ress | nblici ngREbA oo 3 R AE HS PP TP HEPEITf unn ng
stressors conpri ses; recessing the substrate in the second active
regi on adjacent to the second gate structure using a selective isotropic

etch to f esses t h under.cut. under. the second gate structure; and
F1 T ng 1 Rk Baeahay oHour PES St igheriat drmane:

providing a substrate having first and second active regions, wherein the first and
second active regions are prepared with first and second transistor gate structures of first and
second transistors, wherein the first and second gate structures include caps over the gate
structures and first and second sidewall spacers on sidewalls of the gate structures;

forming stressors in the second active region adjacent to the second transistor gate
structure; and

forming first s/d layers on the substrate in the first active region adjacent the first gate
structure and second s/d layers on the stressors in the second active region, wherein the first
s/d layers comprise a faster growth rate than the second s/d layers;

removing caps over the first and second gate structures; and

reducing the second sidewall spacers on the first and second gate structures.

13. The method of claim 12 wherein the first transistor comprises n-type transistor and

the second transistor comprises a p-type transistor.

14. The method of claim 13 wherein:

the stressors comprise a top surface above the substrate; and

the first and second s/d layers form first and second raised s/d structures of the first
and second transistors, the first and second raised s/d structures having top surfaces which are

about coplanar.

15. The method of claim 12 wherein the stressors comprise a top surface above the

substrate.

19



16. The method of claim 12 wherein first and second s/d layers form first and second
raised s/d structures of the first and second transistors, the first and second raised s/d

structures having top surfaces which are about coplanar.

17. The method of claim 12 comprises implanting first type ions into the first s/d layer

over the first active region to form raised diffusion structures.

18. The method of claim 12 wherein the stressors comprises SiGe doped with ions of a
second type.

19. The method of claim 18 wherein the second type ions comprises p-type.

20. The method of claim 12 wherein the stressors comprises SiGe doped with ions of a

second type and the first and second s/d layers comprise Si.

21. The method of claim 12 wherein forming stressors comprises:
recessing the substrate in the second active region adjacent to the second gate
structure; and

filling the recess with stress inducing material.

22. The method of claim 12 wherein forming stressors comprises:

recessing the substrate in the second active region adjacent to the second gate
structure using a selective isotropic etch to form recesses with undercut under the second gate
structure; and

filling the recess with stress inducing material.
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