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14 Background of Invention
15 1) Field of the Invention

16 This invention relates generally to devices and methods for the
17  fabrication of semiconductor devices and more particularly to the fabrication of

18  Field Effect Transistors (FETs) having embedded Source/Drain regions and FETs
19  having raised S/D regions.

20

21

22  2) Description of the Prior Art

23 It is now well-established that raised source/drain (S/D) structures

24 and embedded SiGe (eSiGe) are useful techniques to enhance device

25 performance. However, both techniques involve complicated processes compared
26 to a normal CMOS process flow. Especially for eSiGe, besides the additional

27  process needed for Si recess and epitaxial growth in the PFET S/D region, the



24 and embedded SiGe (eSiGe) are useful techniques to enhance device 25 performance. However, both
techniques involve complicated processes compared 26 to a normal CMOS process flow. Especially for
eSiGe, besides the additional 27process needed for Si recess and epitaxial growth in the PFET S/D
region, the 1eSiGe scheme needs additional process to protect the poly-Si gate as well. It is 2also
extremely difficult to integrate eSiGe in the PFET while having raised S/D 3structures in the NFET. 4
5The importance of overcoming the varigus deficiencies noted 6 above is evidenced by the extensive

technological ®RISIEHABANE RIS BAAlioabRiecess R RiRiertdde NS ERaIg AR LR technical

literature. I he g sdosesbauhogirrsently MG iptcrsnGer HeabHevelpRechiviythei fedepirPliterature can
be gleaned by considering the following patents. 10 11US20050035409A1: Structure and method of a

strained cRanrilYeYrgAdIstHeaNGER second semiconductor component in an integrated circuit -
13Semicapductor chip for use in semiconductor integrated circuit, comprises 14semiconductor substrate
having first and second active regions, resistor formed in 15first active region, and strained channel

transistor formed in second actiVBFdGIBAMAHARIRYE RINEFANG HARNRY ﬁﬁﬂﬁ'&,ﬂfﬁﬁlﬁﬂtf?
18U5200%007968241s Matwmitrdpithis At dMaiSE EdcHeYiegical development directed to the

7  subject, as documented by the relevant patent and technical literature. The
8 closest and apparently more relevant technical developments in the patent
9 literature can be gleaned by considering the following patents.
10
11 US20050035409A1: Structure and method of a strained channel
12  transistor and a second semiconductor component in an integrated circuit -
13  Semiconductor chip for use in semiconductor integrated circuit, comprises
14 semiconductor substrate having first and second active regions, resistor formed in
15 first active region, and strained channel transistor formed in second active region .
16  Inventor: Ko, Chih-Hsin; Kaohsiung, Taiwan
17
18 US20050079692A1: Methods to fabricate MOSFET devices
19  using selective deposition process - Fabrication of silicon-based device on
20 substrate surface involves depositing first and second silicon-containing layers by
21  exposing to specified first and second process gases, respectively Inventor:
22  Samoilov, Arkadii V.; Sunn
23
24 US6881635: Strained silicon NMOS devices with embedded
25 source/drain - Formation of n-type field effect transistor involves removing silicon
26 germanide material outside transistor body and below strained silicon layer and
27  replacing the removed material with epitaxial silicon. Inventor: Chidambarrao,
28 Dureseti
29



19using selective deposition process - Fabrication of silicon-based device on 20substrate surface
involves depositing first and second silicon-containing layers by 21exposing to specified first and second
process gases, respectively Inventor: 22Samoilov, Arkadii V.; Sunn 23 24U56881635: Strained silicon
NMOS devices with embedded 25source/drain - Formation of n-type field effect transistor involves
removing silicon 26germanide material outside transistor body and below strained silicon layer and
27replacing the removed material with epitaxial silicon. Inventor: Chidambarrao, 28Dureseti 29

1US6861318: Semiconductor trdRGSRIHE/IRE D SREUSHRIRIPELr SaVIRYARIESS R R18/ebr

integratedpcircuitg e AYBHHIRR GOVESRIBRSH H6RINBIGHEINSE it GGts CEoPridadnserfessaad /@snactively,
source and/or drain being 4made of film material, which is formed to have second lattice having second 5

spacing InvenfrMACHAS RHGRENFHY B EREERRRTs ePPECIVE SRS BA%AN B8IB L ons. 7

8U56531 347: ivedbast afrmaldnsriegcasnenl isofeiercdr abvdod eduepPiEnme hasprrdessad Manufacture
of semiconductor device involves forming 10 source and drain regions that are recessed at é)/rsscribed

depth below 1 L85G nGVeroL Murthy Anands The patent shows a process for recessed
6 SiGe regions.

7
8 US6531347: Method of making recessed source drains to reduce
9 fringing capacitance - Manufacture of semiconductor device involves forming
10  source and drain regions that are recessed at prescribed depth below
11 semiconductor substrate surface
12  Inventor: Huster, Carl
13
14 US6849883: Strained SOl MOSFET device and method of
15 fabricating same - MOSFET device as e.g. large-scale integration circuit
16 comprises first MOSFET with silicon layer in first region serving as strained silicon
17  channel and second MOSFET with silicon epitaxial layer serving as silicon channel
18 - Inventor: Okihara, Masao; Tokyo, Japan
19 Gene Fitzgerald , “A quick primer on strained silicon” , URL:
20  http://www.eetimes.com/showArticle.jhtml?articlelD=18100036  (02/23/2004
21 12:00 PM EST) discusses boron doped SiGe epitaxy processes.
22
23
24
25




12Inventor: Huster, Carl 13 14U56849883: Strained SOl MOSFET device and method of 15fabricating
same - MOSFET device as e.g. large-scale integration circuit 16comprises first MOSFET with silicon layer
in first region serving as strained silicon 17channel and second MOSFET with silicon epitaxial layer
serving as silicon channel 18- Inventor: Okihara, Masao; Tokyo, Japan 19Gene Fitzgerald , "A quick
primer on strained silicon"”, URL: 20http://www.eetimes.com/showAtrticle.jhtml?articlelD=18100036
(02/23/2004 2112:00 PM EST) discusses boron doped SiGe epitaxy processes. 22 2324 25 1
28ummar§/ of the Invention 3 4Some example embodiments of the present invention provide a 5 structure
and a method of manufacturing a FET de\@ianriripiefthedrveiicin 6 structures and a second FET
device with embedded SiGe source/drain regions. 7 8A structure and method for forming raised
source/Driin structures

4 Some example embodiments of the present invention provide a

5 structure and a method of manufacturing a FET device with raised Source/Drain

6 structures and a second FET device with embedded SiGe source/drain regions.

7

8 A structure and method for forming raised source/Drain structures

9 in NFET with embedded SiGe in PFET. We provide a NFET gate structure over a
10  NFET region in a substrate and PFET gate structure over a PFET region. We
11 provide NFET SDE regions adjacent to the NFET gate and provide PFET SDE
12 regions adjacent to the PFET gate. We form recesses in the PFET region in the
13  substrate adjacent to the PFET second spacers. We form a PFET embedded
14 Source/drain stressor in the recesses. We form a NFET S/D epitaxial Si layer over
15 the NFET SDE regions and a PFET S/D epitaxial Si layer over PFET embedded
16 Source/drain stressor. We perform a NFET S/D implant by implanting N-type ions
17  into NFET region adjacent to the NFET gate structure and into the NFET S/D
18 epitaxial Silayer to form the raised NFET Source/drains.
19 In another aspect, silicide regions are formed and a stressor layer
20 is formed over the structures. The epitaxial Si layer over the PFET embedded
21  Source/drain stressor helps to form stable and low resistivity silicides over the
22 PFET embedded Source/drain stressor.
23 In another aspect, reduced size spacers are formed on the gate
24  structures and a stressor layer is formed over the structures.
25 Additional embodiments and aspects are shown in the claims as

26  submitted and amended during prosecution.

28 The above and below advantages and features are of
29 representative embodiments only, and are not exhaustive and/or exclusive. They
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9 in NFET with embedded SiGe in PFET. We provide a NFET gate structure over a 10 NFET region in a
substrate and PFET gate structure over a PFET region. We 11provide NFET SDE regions adjacent to the
NFET gate and provide PFET SDE 12 regions adjacent to the PFET gate. We form recesses in the PFET
region in the 13 substrate adjacent to the PFET second spacers. We form a PFET embedded
14Source/drain stressor in the recesses. We form a NFET S/D epitaxial Si layer over 15 the NFET SDE
regions and a PFET S/D epitaxial Si layer over PFET embedded 16Source/drain stressor. We perform a

NFET S/D'impHRIBFHpeA RYNOASS RIHE ¥RGeS RRETG LRl eitiomh{ tS MY IRPET gate structure
and into tize Nghdepitd d§endeitial Irayen iefrescmatiaiset MRRd iroeheRisksalasinédlByatgher aspect,

silicide reF%'i:ons are formed and a stressor layer 20is formed over the structures. The e()ﬁi,taxial Si layer

over the PFETCAHBE IR S ABRINGERIT A LALR3 PR RVRIMHPRaB IHe] NP R G sH A Sil¥ides over

the 22 PFET enhipdie oausgeldspnsiiessr ok ATr3heisianes! Jemecetinise snpkaitages formed on
the gate 24structures and a stressor layer is formed over the structures. 25Additional embodiments and

aspects are sHORK ¢ YA SAQRAGIBR1iHBA N dNEY SRIEQ LRFIS B ERBEGHSH. BPRS8THE &hove and
below ad\gntagiaglanshipatiresraresSahRgpRsABtative readssline alsplichbland arensadiaistive and/or

exelsIVe TNy g vehion nd MEABPICADIS 10 Othere. Furhamore, Canan aspadts of the
8 claimed invention have not been discussed herein. However, no inference should
9 be drawn regarding those discussed herein relative to those not discussed herein
10  other than for purposes of space and reducing repetition. Thus, this summary of
11 features and advantages should not be considered dispositive in determining
12 equivalence. Additional features and advantages of the invention will become
13 apparent in the following description, from the drawings, and from the claims.

14



2understood that they are not representative of all the inventions defined by the 3claims, to be considered
limitations on the invention as defined by the claims, or 4limitations on equivalents to the claims. For
instance, some of these advantages 5may be mutually contradictory, in that they cannot be
simultaneously present in a 6 single embodiment. Similarly, some advantages are applicable to one
aspect of 7the invention, and inapplicable to others. Furthermore, certain aspects of the 8 claimed
invention have not been discussed herein. However, no inference should 9be drawn regarding those
discussed'herein relative to those not discussed herein 10other than for purposes of space and reducing
repetition.oThus, this summary of 11features and advantages should not be considered dispositive in
determining 12equivalence. Additional features and advanta%es of the invention will become 13apparent

in the folloving description, from the dPRGhRESHIPHAN BtBeBIaWINGS, 3Brief Description of the

Drawings 4 The features and adypgtagasresaaperaigeadiieies de WeRhrcsatlion teigcpresent invention
and further details of aErocess of fabricating 6such a semiconductor device in accordance with the

present invent@rFRiHIBE EBRAIRSER MRILAHANTMRE TR O (R SXRBESH PAkBRMARREKunction with
8 the acc@npasnydncadiamioeaducibicielksorrfeiensnelavcecials tesigralensimianmsPeanrsponding

elements,%egi?nngrg %?egﬂgiaﬂgcgrg?og]dv}lpoi%“the following description taken in conjunction with

8 the accompanying drawings in which like reference numerals designate similar or
9 corresponding elements, regions and portions and in which:

10

11

12 Figures 1 through 10 are cross sectional views for illustrating a

13  structure and method for manufacturing a first FET with raised Source/Drain

14  structures and a second FET with embedded SiGe in PFET according to an

15  example embodiment of the present invention.

16



10 11 12Figures 1 through 10 are cross sectional views for illustrating a 13structure and method for
manufacturing a first FET with raised Source/Drain 14 structures and a second FET with embedded SiGe
in PFET according to an 15 example embodiment of the present invention. 16 1 2Detailed Description of
the Example Embodiments 3 4 5The example embodiments of the present invention will be 6 described in
detail with reference to the accompanying drawings. The example 7 embodiments provide a method of
forming a PFET with embedded S/D stressor 8regions, and raised S/Ds in the NFET. In addition, a stress
liner can He formed 9 over reduced spacers of the FET gate. 10 11A. Provide a NFET gate structure over
a NFET region in a substratedé&an@@Bﬁgmigﬁl@mm}mmﬁﬁlﬁ'mgg'@nn&igmeferring to figure 1,
we provide a NFET gate structure 22 over a 15 NFET region 16 in a substrate 10 and PFET gate
structure 30 over a PFET region

4
5 The example embodiments of the present invention will be
6 described in detail with reference to the accompanying drawings. The example
7  embodiments provide a method of forming a PFET with embedded S/D stressor
8 regions, and raised S/Ds in the NFET. In addition, a stress liner can be formed
9 overreduced spacers of the FET gate.
10
11 A. Provide a NFET gate structure over a NFET region in a substrate
12 and PFET gate structure over a PFET region
13
14 Referring to figure 1, we provide a NFET gate structure 22 over a
15 NFET region 16 in a substrate 10 and PFET gate structure 20 over a PFET region
16 14.
17 The NFET gate structure 22 is comprised of a NFET gate

18 dielectric 32, a NFET gate 36, NFET gate cap layer 40 over the NFET gate 36,
19  NFET first (L-shaped) spacers 44, and NFET second spacers 50. The gate cap
20 layer 40 can be comprised of silicon nitride. The NFET second spacers 50 can be
21 comprised of silicon nitride.

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

25 PFET second spacers 52 can be comprised of silicon nitride.

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

7



1614. 17The NFET gate structure 22 is comprised of a NFET gate 18 dielectric 32, a NFET gate 36,
NFET gate cap layer 40 over the NFET gate 36, 19 NFET first (L-shaped) spacers 44, and NFET second
spacers 50. The gate cap 20 layer 40 can be comprised of silicon nitride. The NFET second spacers 50
can be 21comprised of silicon nitride. 22The PFET gate structure 20 is preferably comprised of a PFET
23 gate dielectric 30, a PFET gate 34, PFET gate cap layer 38 comprised of silicon 24 nitride, PFET first
(L-shaped) spacers 42, and PFET second spacers 52. The 25PFET second spacers 52 can be comprised
of silicon nitride. 26We provide NFET Source/drain extension (SDE) or lightly doped 27 drain (LDD)

regions 58 adjacent to the NFE{vgateosfi b RieoR§ibRd 1dbbteedt HREDFETIoRgioR adjasent to the
PFET gate 34. 1 2We provide isolation regions 18 between the PFET rg%il_on 14 and 3 the NFET region

16. The isolatidierdiElsgABI NG SPIFYRIISIA eI SeiR¥on A KRRICBF 1RO TRISEI Ean have
a Pwell 1in thgidnEdxigaion 16 and a 6Nwell 15 in the PFET region 14. PFET devices are formed in the

PFET region. 7 NFET devices are formed in the NFET region. 8 9B. Form recess for PEET SID stressor
10 g5 The structure can have a %well 17 in the NFET region 16 and a

6 Nwell 15 in the PFET region 14. PFET devices are formed in the PFET region.
7  NFET devices are formed in the NFET region.
8
9 B. Form recess for PFET S/D stressor
10
11 Figures 2 and 3 show an example process for forming the

12  recesses 70.

13 Referring to figure 2 we form a dielectric layer 64 over the

14  substrate surface. The dielectric layer is preferably conformal in nature and

15 comprised of a low temperature oxide layer. The thickness of the dielectric layer
16 64 can be between 80 to 350 Angstroms.

17 The dielectric layer will be used as an etch mask for the

18 subsequent S/D recess etch.

19 We form a first NFET mask 68 over the dielectric layer 64 in the
20 NFET region 16.
21 We remove the dielectric layer 64 from over the PFET region

22 using the first NFET mask 68 as an etch mask. A wet etch process is preferred;

23 the wet etch can be comprised of a buffered HF etch.

24 As shown in figure 3, we remove the first NFET mask 68.
25
26 Referring to figure 3, we form recesses 70 in the PFET region 14

27 in the substrate 10 adjacent to the PFET second spacers 52 using a RIE process.

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

8



11Figures 2 and 3 show an example process for forming the 12recesses 70. 13Referring to figure 2 we
form a dielectric layer 64 over the 14substrate surface. The dielectric layer is preferably conformal in
nature and 15comprised of a low temperature oxide layer. The thickness of the dielectric layer 16 64 can
be between 80 to 350 Angstroms. 17The dielectric layer will be used as an etch mask for the 18
subsequent S/D recess etch. 19We form a first NFET mask 68 over the dielectric layer 64 in the 20 NFET

region 16. 21We remove the dielectric layer 64 from over the PFET region 22 using the first NFET mask
68 as an dich PRIk AnlVRiERSPBRRIE HYSIErRFRGE SSARIRR ISR IR W@%@Fﬁﬁ?@@a%f a buffered HF

etch. 24Ag sheMaMbEY WS Ry W aeBREmMIBRiESMrsingask 6fe 2RI6RS!rittpri@eks 3, we form
recesses 70 in the PFET region 14 27 in the substrate 10 adjacent to the PFET second spacers 52 using

a RIE prodessCoBHHIOMS ENEk AYaTdSRIFRRIE] Ut 'atekalBisk- IP AddBirtpil &Rt FREBISI N tion of
1both. A typicalriseaROSHYIRIER Ry oisRy isctactiod rItHB matasias stebbimdichanebgatdsing a gas

adition, the eRAENSRSA R AcADaEH BSHANATFCHER §TEo RGN SoME TR S ang e,
gate 6 gate structures 22 and 20 are not etched or are etched to a minimum extent.
7 The recesses 70 preferably have a depth between 30 and 150
8 nm.
9
10 C. form an PFET embedded Source/drain stressor
11
12 Referring to figure 4, we preferably perform an epitaxy pre-clean

13  of the recess surface. The epitaxy pre-clean preferably is comprised of HF, either
14 in the gaseous or liquid state, or a combination of steps and chemicals that include
15  the gaseous HF or liquid HF.

16 We selectively form a PFET embedded (e.g., B doped SiGe)

17  stressor in the source/drain region 74. The silicon-germanium alloy forms a

18 lattice-mismatched region with the adjacent Si substrate 70, and this causes strain
19  to be imparted in the channel direction. The lattice-mismatched region is formed
20 using an epitaxial growth process such as chemical vapor deposition, ultra-high
21 vacuum chemical vapor deposition, or molecular beam epitaxy. The epitaxy

22 process is selective because SiGe only grows on exposed Si regions and not on
23 the oxide or nitride protected gate. The SiGe stressor is preferably in-situ doped
24  with B. In the present embodiment, the Ge concentration in the SiGe alloy is

25 between 10 and 40 atomic percent. The boron concentration in the SiGe alloy is
26 between 8E19 /cm3 to 1E21 /cm3.

27



Sstructures 22 and 20. In this way, the oxide and nitride spacers surrounding the 6 gate structures 22 and
20 are not etched or are etched to a minimum extent. 7The recesses 70 preferably have a depth between
30 and 150 8 nm. 9 10C. form an PFET embedded Source/drain stressor 11 12Referring to figure 4, we
preferably perform an epitaxy pre-clean 13of the recess surface. The epitaxy pre-clean preferably is
comprised of HF, either 14in the gaseous or liquid state, or a combination of steps and chemicals that

include 15 the gaseous HF or liquid HF. 16We selectively form a PFET embedded (e.g., B doped SiGe)
17stressof in the source/drain rEJRM 2R HESRRRATSEHIRAMURTSRE BiR Lol8MER O matched

region with thepgjaeeaticr anbstiiealdoandithie e ®spslntdNd 90 Bp imparted in the channel direction.

The lattice-mismatched region is formed 20using an epitaxial growth process such as chemical vapor
depositior"r)f ultra-high 21vacuum chemical vapor deposition, or molecular beam epitaxy. The epitaxy 22

process ig4selective because SiEeIPBEIT@N e R SRA R/ HRAIARIBBS0NTOR ZathedXisdparaitride
protected gate. The SiGe stressar is preferably in-situ doped 24with B. In the present embodiment, the

Ge concentratiIFEFStR8 816E BidySavuMFSIN19 LR ey RN EHRRIEMRAES OFBR EiiREifation in
the SiGe alloy ligyd6 beineen N EM3 dohBZBLdensote the NFET from SiGe epitaxial growth. If

7  the dielectric layer 64 over the gate structures is not adequate to protect the NFET

8 gate 36, for example, it may be thinned down or removed during the epitaxial

9 preclean step, the NFET gate cap layer 40 prevents SiGe epitaxial growth in the
10 NFET gate 36. The PFET gate cap layer 38 and PFET first spacers 42 protect the
11 poly-Si gate 34 from SiGe epitaxial growth.
12 Referring to figure 4, we perform a dielectric (e.g., oxide) etch to
13 remove the first dielectric layer 64 over the NFET region 16.

14
15 D. form a NFET S/D epitaxial Si layer and a PFET S/D epitaxial Si layer
16 Referring to figure 5, we form a NFET S/D epitaxial Si layer 79

17  over the NFET SDE regions 58 and a PFET S/D epitaxial Si layer 75 over PFET
18 embedded (B doped SiGe) source/drain stressor 74.

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

25

26 The NFET gate cap layer 40 and PFET gate cap layer 38

27  protects the poly-Si gate from the Si epitaxial growth.

28 For example the epitaxial Si grows between 5 % and 20 % thicker

29 over the Si Substrate than over the SiGe S/D 74. For example, the NFET S/D
10



1Alternately, we can first grow undoped SiGe, followed by ion 2implantation and anneal to activate the
dopants (e.g., B). 34The PFET embedded Source/drain stressor 74 is formed to put a 5 stress on the
PFET channel region to improve device performance. The dielectric 6layer 64 over the NFET region 16
protects the NFET from SiGe epitaxial growth. If 7 the dielectric layer 64 over the gate structures is not
adequate to protect the NFET 8 gate 36, for example, it may be thinned down or removed during the
epitaxial 9preclean step. the NFET gate cap layer 40 prevents SiGe ed)itaxial growth in the 10 NEET gate

36. The PFET gRif8XiahThtaresed Alirp PEGEESS RANES) B RLP REC 2RBRTAMERE dANednt BiGe

epitaxial growtg/[3 ZRatBiENS thfieHEE L aMenRRE ThRkhles bistiren 2BId@Hei0D tnh3trsheye the first
dielectric layer 64 over the NFET region 16, 14 15D. form_a NEET SID, epitaxial Si layer and a PFET SID

epitaxial S layer 16Referring to'ifLAPs R {5i3h BRINEF iR sRilaxps Sbkwer 49 1B d0iSkele NFET SDE

regions 53 andreuR iR S TriAxiapiEaIesiTayavers ey, Woaudeedsded dAdloper HiGrbgource/drain
stressor 74. 19The NEET S/D epitaxial Si layer 79 can be thicker than that of 20PFET S/D epitaxial Si

layer 75 becaus¥$HS RpfaYRE BiRiFails LT WEITRW SI0eSIRIRak fall1BlRMilPEABedded (SiGe)
S/D 74. Te reassrgiswintanbes Hiedudysiraayeraddisiaineca haiRedepiBusyro6aies, AStRRNeGEE to Si

growing 0\7/er athe NFET surface is still not raised. By being able to grow a thicker Si layer 79 in

8 the NFET, the final structure is such that both NFET and PFET has the almost the
9 same level of raised S/D structure. This provides a greater process margin for the

10  subsequent contact opening/ RIE step.

11 Part of the NFET S/D epitaxial Si layer 79 and more preferably

12  the entire PFET S/D epitaxial Si layer 75 will be consumed in a subsequent

13  salicide step. The NFET S/D epitaxial Si layer 79 and PFET S/D epitaxial Si layer

14 75 reduce or prevent the NFET S/D and the PFET S/D junctions from being

15  thinned and consumed in the subsequent salicide process.

16 The NFET S/D epitaxial Si layer 79 and PFET S/D epitaxial Si

17  layer 75 help to create the raised S/D structures, thus reducing the external

18  resistance and S/D sheet resistance, which in turn will improve device

19  performance of both NFET and PFET. The PFET S/D epitaxial Si layer 75 is

20 doped by outdiffusing of B from the embedded S/D stressor region 74 during a

21  subsequent anneal.

22 Since the PFET S/D epitaxial Si layer (Si cap layer) 75 over the

23 embedded Source/drain stressor 74 will be consumed in a subsequent salicide

24  step, it acts as a sacrificial layer for the PFET embedded Source/drain stressor 74

25 to form a stable and low resistivity silicide. This is because SiGe alone usually

26  does not form a low resistivity silicide with the typical metallic materials (e.g. Co,

27  Ti, Ni or NiPt), and/or the silicide formed has poor surface and interface

28 roughness. This is an advantage of the Si cap 75 over PFET embedded stressor

29  Source/drain 74.

11



23SiGe surface (hetero-epitaxy occurs). The growth rate can also be controlled by 24the epitaxy process
conditions. 25 26The NFET gate cap layer 40 and PFET gate cap layer 38 27protects the poly-Si gate
from the Si epitaxial growth. 28For example the epitaxial Si grows between 5 % and 20 % thicker 29 over
the Si Substrate than over the SiGe S/D 74. For example, the NFET S/D 10 lepitaxial Silayer 79 has a
thickness between 50 and 500 angstroms and the PFET 2 S/D epitaxial Si layer 75 can have a thickness
between 40 and 400 angstroms. 3lt is a benefit that the NFET S/D epitaxial Si layer 79 is thicker 4 than
that PFET!S/D epitaxial Si layer 75 (e.g., between 5 % and 20% thicker). 5This is because typically, when
we grow SiGe stressor 74, there will be an 6overgrowth above the substrate so that it forms a raised S/D
structure. At this poinE7 iteeridivie e PRET < apllarmd thiedFBY bap gadlereadecthe (fedirredl)layer 79 in
8 the NFET, the final structure is such that both NFET and PFET has the almost the 9same level of raised
S/D structure. This provides%eﬁpe'%l e?%?&%gs margin for the 10 subsequent contact opening/ RIE step.

11Part of ghe NFET S/D epitaxigl-gitayes 49 18R8Riscopirfasael idAihieyantreBiéeh 2(Eyapitaxial Si
layer 75 will be consumed in a subsequent 13salicide step. The NFET S/D epitaxial Si layer 79 and PFET

S/D epitaal ST8EPBA1SPRESEeuce or prevent the NFET S/D and the PFET S/D junctions from being
6 In a first option, we can remove PFET and NFET caps 38 and 40

7 and remove the second PFET spacers 52 and the second NFET spacers 50. Then

8 we can reform the (reduced) second spacers.

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

14 Then, we form reduced second PFET spacers 53 and reduced
15 second NFET spacer 51. The reduced second PFET spacers 53 and reduced

16 second NFET spacer 51 are preferably comprised of nitride.

17 The spacer are called reduced because the have a reduce height
18 and width compared to the original second spacer. This is an advantage because
19  the reduced spacers allow the stress from a subsequently formed overlying stress
20 liner to be transmitted to the channel. The second reduced spacers can be 30 to
21 70% smaller in terms of height and/or width compared to the original second

22  spacer.

23

24

25 In a second option, we can etch and remove PFET and NFET

26  caps 38 and 40 and remove only a top portion of the second PFET pacers 52 and
27 the second NFET spacers 50 to create the (reduced) second spacers 51 53.

12



15 thinned and consumed in the subsequent salicide process. 16The NFET S/D epitaxial Si layer 79 and
PFET S/D epitaxial Si 17layer 75 help to create the raised S/D structures, thus reducing the external
18resistance and S/D sheet resistance, which in turn will improve device 19 performance of both NFET
and PFET. The PFET S/D epitaxial Si layer 75 is 20 doped by outdiffusing of B from the embedded S/D
stressor region 74 during a 21subsequent anneal. 22Since the PFET S/D epitaxial Si layer (Si cap layer)
75 over the 23 embedded Source/drain stressor 74 will be consumed in a subsequent salicide 24step, it
acts as a Sacrificial la§erf@ithte MHFEL RAEE4HEBSe/drain stressor 74 25to form a stable and low
resistivity silicide. This is becau [ ﬂ I (stivity siieige with the
typical me%allic materials (e.g. Cﬁge%ﬁrﬁ ?gmlﬁ?%?@r ﬁfe:P ;P}Iﬁl:cf:l?de or%ﬁ%@é&%{? s%ﬁr ace and
interface 38 rol@gigesst.This is an advantage of the Si cap 75 over PFET embedded stressor
29Source/drain 74. 1 2E. remo F iernegeh 3second
spacers 44rjhere are at least twoé(?gt?gglgﬁ(ﬁ cﬁ%%g%hz?’é%d@g‘sﬁ?ﬂ gl g@?ﬁ&ﬁ%ﬂ%ﬁs 6In a first option,
we can refnoveéeRRIPTI IR Eer B Bd Sparepdtrdinth@Gemove the second PFET spacers 52 and the

second NEET spacers 50. Ther\eyt ag shown in figure 8, we remove the PFET mask 83.

7 G. perform an anneal to form final junctions.
8
9 We then perform an anneal to form final junctions.
10
11 The PFET S/D epitaxial Si layer 75 is doped by the outdiffusion of
12  impurities (boron) from the embedded S/D 74.
13 The anneal is preferably performed at a temperature between

14 900 C and 1350 C for a time between 10 microsec and 5 sec. The anneal is

15  preferably a spike anneal.

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

18

19 H. Silicide process

20

21 As shown in figure 9, silicide can be formed over the gates and

22  source/drain regions. On the NFET, gate silicide layer 84 and raised S/D silicide
23 layer 86 are formed over NFET gate 36 and NFET raised S/D 60 79. On the PFET
24  region 14, gate silicide layer 88 and S/D silicide layer 90 is formed over PFET gate
25 34 and stressor regions 74 (and Si epitaxial layer 75 if not totally consumed by the
26  silicide process).

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

28 Ni, Pt, NiPt, NiPd or Co, or combinations thereof and most preferably NiPt over the
13



8 we can reform the (reduced) second spacers. 9Referring to figure 6, we etch and remove the PFET cap
38 and 10 the NFET cap 40 and remove the second PFET spacers 52 and the second NFET 11spacer
50. The etch is preferably a nitride wet etch. The wet etch can be 12 comprised of a hot phosphoric acid
etch. Preferably the second PFET spacers 52 13 and the second NFET spacer 50 are completely
removed. 14Then, we form reduced second PFET spacers 53 and reduced 15 second NFET spacer 51.
The reduced second PFET spacers 53 and reduced 16 second NFET spacer 51 are preferably comprised

of nitride. 17TIRYRPERIG srERefelrelificel I58ian 6 RBhihR Rife diEgIRBId T 18SRdWRAR S Hhpared to

the origingl segqad sivaeste Toisdcanatvadaaetbetarmsidisihadeduves epaseestrbaiBgdaggss from a
subsequently formed overlying stress 20 liner to be transmitted to the channel. The second reduced

spacers can b&SRJYEF VAT A SR GH'R MRRIBE By IR aRerS RialRrabMUrL 8 ih e BRGIAE second 22

spacer. 23 24 2ip, aRegsiishaPHeat wetaitales paddaentey e T rmathNilicldée enpeSifeand 40 and
remove only a top portion of the second PFET pacers 52 and 27 the second NFET spacers 50 to create

the (reducdd) SEIGTR RBasesVN4aW SRS TRSISEANER Yol iifrce/drains 2Referring to figure 7, we form a
PFET magk 83 over the PFET

7 I. further processing

8 Subsequent processing can continue, (see figure 10) such as the
9 formation: of a stress liner (e.g., SiN) 92 over the substrate and FET devices. The
10  stress liner can create a compressive stress on the PFET channel. The reduced
11 width PFET spacers 53 on the PFET gate can increase the compressive stress to
12 the PFET channel.
13
14 Also, we can form an interlevel dielectric layer, contacts, and
15  overlying dielectric layers and interconnects.

16 J. non-limiting example embodiments

17 In the above description the order of the steps can be changed.
18 In the above description numerous specific details are set forth such as flow rates,
19  pressure settings, thicknesses, etc., in order to provide a more thorough

20 understanding of the present invention. Those skilled in the art will realize that
21  power settings, residence times, gas flow rates are equipment specific and will
22  vary from one brand of equipment to another. It will be obvious, however, to one
23 skilled in the art that the present invention may be practiced without these details.
24 In other instances, well known process have not been described in detail in order
25  to not unnecessarily obscure the present invention.

26 Although this invention has been described relative to specific
27  insulating materials, conductive materials and apparatuses for depositing and

28 etching these materials, it is not limited to the specific materials or apparatuses but
14



3region 14. 4Still referring to figure 7, we implant 61 N-type ions into NFET 5 region to form the NFET
Source/drains 60. 6Next, as shown in figure 8, we remove the PFET mask 83. 7G. perform an anneal to
form final junctions. 8 9We then perform an anneal to form final junctions. 10 11The PFET S/D epitaxial Si
layer 75 is doped by the outdiffusion of 12impurities (boron) from the embedded S/D 74. 13The anneal is
preferably performed at a temperature between 14 900 C and 1350 C for a time between 10 microsec

and 5 sec. The anneal is 15preferably a spike anneal. 16 The P-type dopant from the embedded S/D 74
diffuses dbwn RRY 19 Be %%%ﬁ'&fé%%@(ﬁ%ﬁﬁ&%@ﬁ@ﬂﬁ rRiRsmaland penepaimahedpicess 20

21As shown inchgiaks| Riesilisish e i aimesl Aveetaniaglemansirasotesislnline s afis the NFET,
gate silicide layer 84 and raised S/D silicide 23 layer 86 are formed over NFET gate 36 and NFET raised

S/D 60 795 OnYAB PEEHOSHIISEREAS Yal WIRRIEIRRR PYANASRS SIBIeH b icOF RIBARES over PFET
gate 2534andteeafer egspessiatth (P PrepdaxialBesn's if not totally consumed by the

5 Given the variety of embodiments of the present invention just
6 described, the above description and illustrations show not be taken as limiting the
7  scope of the present invention defined by the claims.
8 While the invention has been particularly shown and described
9 with reference to the preferred embodiments thereof, it will be understood by those
10  skilled in the art that various changes in form and details may be made without
11 departing from the spirit and scope of the invention. It is intended to cover various
12  modifications and similar arrangements and procedures, and the scope of the
13  appended claims therefore should be accorded the broadest interpretation so as to
14 encompass all such modifications and similar arrangements and procedures.
15
16
17
18
19

15



26silicide process). 27To form silicide, we first deposit a metal layer such as essentially 28Ni, Pt, NiPt,
NiPd or Co, or combinations thereof and most preferably NiPt over the 13 1substrate surface, the
NFET region 16 and the PFET region 14. Then, we anneal 2 the substrate 10 to convert the metal to
metal-silicides. We remove the unreacted 3metal layer with a selective metal etch process (preferably
wet etch)WAfaeidblaidsigjs: an optional heat treatment is performed to form metal-silicides of desired
5silicide phases with low sheet resistance values. 6 7I. further processing 8Subsequent processing
can continue, (see figure 10) such as the Sforma@uAIdfa stress liner (e.g., SiN) 92 over the substrate
and FET devices. The 10 stress liner can create a compressive stress on the PFET channel. The
reduced 11widthaRemicspdusos 68/we toenpfgidggate can increase the compressive stress to 12 the
PFET channel. 13 14Also, we can form an interlevel dielectric layer, contacts, and 15overlying
dielectric layers asabsttatecoompoiting @Jirsoseinivitimguetcanmateréhiendig €ints dnd sedenalaotreedescription
the order of the steps can be changed. 18In the above description numerous specific details are set
forth suchegsotovwiaaesn HSpfessare setimpactivickeissesomimrisifivstendaqravidenasivoregthorough

structures of first and second transistors, the substrate having a top substrate surface;

recesses in the second active region adjacent to the second transistor gate structure,
wherein a fill layer is disposed in the recesses, the fill layer comprises a second semiconductor
material having a top surface disposed above the top substrate surface;
first source/drain (s/d) layers disposed in the first active region adjacent to the first gate

structure and second s/d layers disposed over the fill layer in the second active region, wherein

the first s/d layers and the second s/d layers comprise a s/d semiconductor material, the first and

second s/d layers have different thicknesses, wherein a top surface of the first s/d layers is

substantially co-planar with a top surface of the second s/d layers.

2. The device of claim 1 wherein the first transistor comprises an n-type transistor and the

second transistor comprises a p-type transistor.

3. The device of claim 1 wherein the first semiconductor material comprises Si and the

second semiconductor material comprises SiGe.

4. The device of claim 1 wherein the first active region comprises first type ions.
5. The device of claim 1 wherein the fill layer comprises a SiGe layer doped with first type
ions.

16



20understanding of the present invention. Those skilled in the art will realize that 21power settings,
residence times, gas flow rates are equipment specific and will 22vary from one brand of equipment to
another. It will be obvious, however, to one 23skilled in the art that the present invention may be
practiced without these details. 24In other instances, well known process have not been described in
detail in order 25to not unnecessarily obscure the present invention. 26Although this invention has
been described relative to specific 27insulating materials, conductive materials and apparatuses for
depositing.and 2geichirigetbeskimesetiadssiit thenfitlllnyide dstantirestpadiive depiendds layapparatuses but
14 1lonly to their specific characteristics, such as conformal and nonconformal, and 2capabilities, such
as depositing and etching, and other materials and apparatus 3can be substituted as is well
understood by those skilled in the microelectronics 4arts after appreciating the present invention
5Given thge varieyotieviveastioleintsldlitties pcesgnisietve siessu 4 \@d eseri tiegs thstratecarel dirscaption and
illustrations show not be taken as limiting the 7scope of the present invention defined by the claims.
8While theedovdntiosibias dpestpatticedarly shown and described 9 with reference to the preferred
embodiments thereof, it will be understood by those 10skilled in the art that various changes in form
and details may be made without 11departing from the spirit and scope of the invention. It is intended
to cover various 12modifications and similar arrangements and procedures, and the scope of the

8. The device of claim 5 wherein the first type ions comprise p-type ions.

9. The device of claim 4 wherein the first type ions comprise p-type ions.

10. A semiconductor device comprising:

a substrate comprising a first semiconductor material having first and second active
regions, wherein the first and second active regions comprise first and second transistor gate
structures of first and second transistors, the substrate having a top substrate surface;

stressors comprising a second semiconductor material in the second active region
adjacent to the second transistor gate structure, wherein the stressors comprise a top surface
disposed above the top substrate surface;

first s/d layers disposed on the substrate in the first active region adjacent the first gate
structure and second s/d layers disposed on the stressors in the second active region, wherein
the first s/d layers and the second s/d layers comprise a s/d semiconductor material, the first and
second s/d layers have different thicknesses, wherein a top surface of the first s/d layers is

substantially co-planar with a top surface of the second s/d layers.

11.  The device of claim 10 wherein the first transistor comprises n-type transistor and the
second transistor comprises a p-type transistor.

17



13 appended claims therefore should be accorded the broadest interpretation so as to 14 encompass
all such modifications and similar arrangements and procedures. 15 16 17 18 19 What is claimed is:
CLAIMS 1. A semiconductor device comprising: a substrate comprising a first semiconductor
material having first and second active regions, wherein the first and second active regions comprise
first and second transistor gate structures of first and second transistors, the substrate having a top
substrate surface; recesses in the second active region adjacent to the second transistor gate

structure 1®@herefrha didvisyof idaladdsetdreihehecliessad, sl $a4y Ryeanfpnisdis st seCosudnd
semiconductor material having a top surface disposed above the top substrate surface; first

source/dnaiisds Al Ryetsdspbgedinthedisstactirenssias. adjacent to the first gate structure and
second s/d layers disposed over the fill layer in the second active region, wherein the first s/d layers
and the second s/d layers comprise a s/d semiconductor material, the first and second s/d layers have
different thicknesses, wherein a top surface of the first s/d layers is substantially co-planar with a top
surface of8ne sadwdksicelafelsim2lONveeteivi teedirstaind deodreleid e fsr s imafisss tomdc@oyprises an
n-type transistor and the second transistor comprises a p-type transistor. 3. The device of claim 1
wherein thredsBoss/destnicturdsi ofoth enftstr eldcsargniseanSistore. the second semiconductor material
comprises SiGe. 4. The device of claim 1 wherein the first active region comprises first type ions. 5.
The device of claim 1 wherein the fill layer comprises a SiGe layer doped with first type ions. 6. The
device of claim 5 wherein the fill layer is an in-situ doped epitaxial layer. 7. The device of claim 1
further campriseshe dinassaf legen dGantieeesuthst fats siddayestard thedintaransisgiogategirisetures. 8.
The device of claim 5 wherein the first type ions comprise p-type ions. 9. The device of claim 4
wherein treesBdsdiffifpsi darssrectompsisegedywprhidinst type ions.

15.  The device of claim 14 wherein the stressors comprise SiGe doped with ions of a second

type.

16.  The device of claim 15 wherein the second type ions comprise p-type.

17.  The device of claim 14 wherein the stressors comprise SiGe doped with ions of a second

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

18.  The device of claim 10 wherein the stressors comprise a fill layer filling recesses in the

second active region adjacent to the second transistor gate structure.

19. A semiconductor device comprising:

a substrate comprising a first semiconductor material having first and second active
regions, wherein the first and second active regions comprise first and second transistor gate
structures of first and second transistors, the substrate having a top substrate surface;

18



10. A semiconductor device comprising: a substrate comprising a first semiconductor material
having first and second active regions, wherein the first and second active regions comprise first and
second transistor gate structures of first and second transistors, the substrate having a top substrate
surface; stressors comprising a second semiconductor material in the second active region
adjacent to the seeesuldNsiBisingatsestitidyeraicvhdueior inatstigissotis cecoptsetdvtopgidriace
disposed above the top substrate surface; first s/d layers disposed on the substrate in the first
active regidjaceajaoaht Heedits tigatissirystierstraotigecond s/d layers disposed on the stressors in the
second active region, wherein the first s/d layers and the second s/d layers comprise a s/d
semiconductor rfigdesidlldye Jidispasedsactrecssidttayens tha\fe difttientdhicknefest Wedisngattop
surface of the first s/d layers is substantially co-planar with a top surface of the second s/d layers. 11.
The devictrodtataiamd Seadrereld ke fsrdispassisiotioosnpases in-tipadeandisttivansyite, sewpeia
transistor comprises a p-type transistor. raised s/d structures of the first and second transistors. 13.
The devitkedficizs/d E§andwre ithélsedarsd sfddaseconohgiddayess fermidorsd ot seatoridl réhisdittst/ahd
structures of the first and second transistors. 14. The device of claim 10 wherein the first s/d layer
over the Besbadtve leygicrmaepffess r thisaelifhssiwhestinc uop Sutdapmdoivitie finst typéaiensis15. The
device of claim 14 wherein the stressors comprise SiGe doped with ions of a second type. 16. The
device ofstibstantfavherglartheveiticandpgpeaonsfabmgetsadstydayefs/. The device of claim 14 wherein
the stressors comprise SiGe doped with ions of a second type and the first and second s/d layers
comprise Si. 18. The device of claim 10 wherein the stressors comprise a fill layer filling recesses in
the second active region adjacent to the second transistor gate structure. 19. A semiconductor device
comprisirgf).  atsutEshiatedoctyrisEngedirdaserhfcahdistohesitessal fH evingy iSest opdsaefeoad active
regions, wherein the first and second active regions comprise first and second transistor gate
structuresluoivier sheasubstegiond transistors, the substrate having a top substrate surface; stressors
comprising a second semiconductor material in the second active region adjacent to the second
transistor gate structure; first s/d layers disposed on the substrate in the first active region adjacent
the first gate structure and second s/d layers disposed on the stressors in the second active region,
wherein tB&. first Bid $ayacsrahatiirelseicerd elaliajensluaptizefas/sksaooindundoctoatentlerial, the first
and second s/d layers have different thicknesses, wherein a top surface of the first s/d layers is
substantiatijnptsptabicangdithesseopnsiunfaics dfabrmesasifdGed layers. 20. The semiconductor device of
claim 19 wherein the stressors comprise a top surface above the substrate. 21. The semiconductor
device of claim 10 wherein the first semiconductor material comprises Si and the second material
comprises SiGe. 22. The semiconductor device of claim 1 wherein the s/d semiconductor material
comprise82he firsissanimonductor devieriaf cl28n Thehsseindbadittsemderidectdrométarid evnepareshe s/d
semiconductor material comprises the first semiconductor material. 24. The semiconductor device of
claim 19 Vhedresihsemeicgddsistniovattniclor material comprises the first semiconductor material.

23. The semiconductor device of claim 10 wherein the s/d semiconductor material

comprises the first semiconductor material.

24. The semiconductor device of claim 19 wherein the s/d semiconductor material

comprises the first semiconductor material.
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