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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 patrticularly 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



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 various
deficiencies noted 6 above is evidenced by the extensive technological development directed to the
7subject, as documented by the relevant patent and technical literature. The 8 closest and apparently
more relevant technical developments in the patent 9literature can be gleaned by considering the

following JaterftS! @8 $30R5PP HEGSSRAHHAN A RILRFESIRPHAULBE s ROMr siheate s el 18 Fansistor and

a second semigRpdbit@MESRN BENEHI i ANEHIEESIGHGHIthel PEEMIGPMEUSATrEN ¥ SEDN
semiconductor integrated circuit, comprises 14semiconductor substrate having first and second active

regions, rdsistSIHT @il 186N Ftive region, and strained channel transistor formed in second active
region . 1gInventor: Ko, Chih-Hsin; Kaohsiung, Taiwan 17 18US20050079692A1: Methods to fabricate
MOSFET devices 19using selective deposition process - Fabrication of silicon-based device on

20substrate surface involves depRitABAFaNSRPEQXEHPENRE N MBLIRRRI8YEI-N5IPS 184655 ing to
specified frst aitbseGoRYIBEINRSS HRHES SRRy e hnetointa LaSasTupioeni thastitdd; tSuhe 23

24U5688176355§érjgic:r1[?gss il.ggﬂnl}lel\ﬂl%% gs\{ﬁg ?evl\gwaﬁ{n pbap‘[cejlg%3 gnd 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



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 transistor having a
stressed channel 2- Semiconductor transistor for integrated circuits, comprises source and drain 3formed
in source and drain recesses, respectively, source and/or drain being 4made of film material, which is
formed to have second lattice having second 5 spacing Inventor: Murthy, Anand; The patent shows a

process fdr recessed S/D 6SiIGERRSEAS 1P soRBEHNUSIANEARRISIP HAINY R Sesspd shRRGhains to

reduce 9fpnging SapAcHanGEtoMAHRENH® PintegrineadsiFiartslevitaprvely es fete mgdldrspurce and
drain regigns that are recessed at prescribed depth below 11semiconductor substrate surface 12Inventor:

Huster, Carl 1301715568 £9858S SidiHE SIS CRRESEE T IMERILCI PRIERFENY R AIBI AR YPsame -

MOSFET 4leviggsaie @ Ufillaraeataade, wkaeraikon eheditd feeepeeeadinatiMe biddgrgdtsiigon layer in first
region serving as strained silicon 17channel and second MOSFET with silicon epitaxial Ié%erﬁﬁ):rving as

silicon chahnePRECY IS KIN8R8 oIS BaRIH $00WHE PROGRSSIE "RAGHR: ron
strained sgicorgiGRIggi&hétp://www.eetimes.com/showArticle.jhtml?articlelD=18100036 (02/23/2004
2112:00 P7M EST) discusses boron doped SiGe epitaxy processes.

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.
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22 23 24 25 1 2Summary of the Invention 3 4Some 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 8A 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
11provide NFET SDE regions adjacent to the NFET gate and provide PFET SDE 12 regions adjacent to
the PFETbate. We form recesses in the PFET region in the 13 substrate adjacent to the PFET second
spacers. We form a PFET embedded 14Sguia@féiajositReIpivieritieniecesses. 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
16SourceRirain stressor. We perform a NFET S/D implant by implanting N-type ions 17 into NFET region

adjacent tg the NFET gate strugdiaaedanipithenibddintdtd 8epigymsaraypidatienmprbadaiged NFET
Source/drains. 19In another aspect, silicide re%ions are formed and a stressor I%;S/gr 20is formed over the

structures® ThS EPRIARAEA A Biedled (e HPBe R4 51 SEYiEe WM APES<3PHIBLIIBrm stable
and low resististtysilieédesrvardééond 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.
27
28 The above and below advantages and features are of
29 representative embodiments only, and are not exhaustive and/or exclusive. They

4



22 PFET embedded Source/drain stressor. 23In another aspect, reduced size spacers are formed on the
gate 24structures and a stressor layer is formed over the structures. 25Additional embodiments and
aspects are shown in the claims as 26 submitted and amended during prosecution. 27 28The above and
below advantages and features are of 29representative embodiments only, and are not exhaustive and/or
exclusive. They lare presented only to assist in understanding the invention. It should be 2understood
that they are not representative of all the inventions defined by the 3claims, to be considered limitations

on the invénticl @ PIRSFEEDOHetRIZFRS dP HAARRIBRSINE LR RN KrRhoudidRe For instance, some
of these aglvaniagiesshsoaltihgt ihidiyaly eentiasistedidiveal thieyhedinnehhersraskineadsiskheresent in a 6

single embodiment. Similarly, some advantages are aﬁ%i,cable to one aspect of 7the invention, and

inapplicable toXRHER. R REHEPRRIAS BE g oA Ny MRS ARRShaNE FRIBS Pliscussed

herein. HawevenifRibHereneyshelh e thavemiegaEaiaribesreiswinsast fiesen 4alaitve dedhose not
discussed_herein 10other than fordﬁ)urposes of space and reducing repetition. Thus, this summary of

11featureS and" 2N AR ENELA TR BSOS RALANGY CSEIR0S e GLTHARRRY EERIGSEIEHRE Additional
features agid agivjéagied edihentveninarlyilbesome haempsseireiaphaJabmmio @ de sgirinpifrom the

drawmgs’?ndtf}qgwnbhe%ﬁloa}wifnashdl ?'nezle%Iicable to others. Furthermore, certain aspects 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



3Brief Description of the Drawings 4The features and advantages of a semiconductor device 5according
to the present invention and further details of a process of fabricating 6such a semiconductor device in
accordance with the present invention will be 7more clearly understood from the following description
taken in conjunction with 8 the accompanying drawings in which like reference numerals designate similar
or 9corresponding elements, regions and portions and in which: 10 11 12Figures 1 through 10 are cross
sectional views for illustrating a 13structure and method for manufacturing a first FET with raised
Source/Drhin 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 exampl®Tiehesfretenrfihe DraviNgsot forming a PFET with

embedded S/D stressor 8regiormhanshtaierfantPadidhradddr dnsaatldintkressiier can be formed 9

over reduced spacers of the FET gate, 10 11A. Provide a NFET gate structure over.a NFET region in a
according to the present invention and further details of a process of fabricating

substrate

6 such a semiconductor device in accordance with the present invention will be
7 more clearly understood from 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



12and PFET gate structure over a PFET region 13 14Referring 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
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 diblectric 30, a PFET gate 34, PFET gate cap layer 38 comprised of silicon 24 nitride, PFET first
(L-shaped) spacers 42, and DetdileerDed siptda of tHEEXaRpd BRflsodiaRATRY'Ss 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 NFET gate 36; and provide PFET LDD (or 28 SDE) regions 56 adjacent to the
PFET gatg 34. 1 2We provide isolation regions 18 between the PFET region 14 and 3 the NFET region
16. The isolation regions are preferably ST regions comprised of 4silicon oxide. 5The structure can have

a Pwell 1Pin the NFET region 168'8ri¥aBRIGEAIMROHMRIISFE 1R QISR BERIARWLES e formed in the
PFET reg®n. Gddchbaieivichstaitavicimsidirbes 1 fikd 4e00enp 8rdihd-@raniagesTher dXalmbe/D stressor

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



10 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 étch mask. A wet etch process is preferred; 23 the wet etch can be comprised of a buffered HF

etch. 24Ag shown in figure 3, wvie provRiB & blstiD-fehiB1rsh ©BctheliRele PPE T dgidie 4 wadorm
recesses 70 in the PEET region 14 27 in the substrate 10 adjacent to the PFET second spacers 52 using

a RIE protess!BNER AN IO cORDHISUAONAF HBAD BIC R alFERYp7d bIESI WIS ABARBIRGHS] of
1both. A typicaliiseffiopgadry etch process is carried out in a plasma etching 2 chamber using a gas
chemistry comprising C12, He and/or SF6, and process SConﬁition_s that favor isotropic (or lateral) etch. In

addition, tRe etch chemistry is 4LRBSIHSHER 7 AR RGIMVESIA &R INE FafeHi8 & /@ihding the

gate Sstrugturedwial| aslid h & RFE TvRYgithe 1aKidRRETH dévideSRAS B58nsed MV IENBIRBE Gagidgm structures
22 and 207are 'Q?__Elched or are etched {0 a minir']_JEﬁn extent.

devices are formed in the N 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



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) 17stressor in the source/drain region 74. The
silicon-germanium alloy forms a 18lattice-mismatched region with the adjacent Si substrate 70, and this

causes striain POE 08 MHSHJBAHIRI K4 HIEN RFEERSH. T RBTARRYNSARIRDA EHRE

¥ formed 20using

an epitaxigl grewHmpOICesHUE B RS SNam e} vapasriergoHelHadNE B2V asdysroekerical vapor
deposition, or molecular beam epitaxy. The epitaxy 22 process is selective because SiGe only grows on

exposed S re iORL LPRSHERG R OfHE BRI PRIRIEEAN Sicbiel GIAIPRIREGIERBIN YiSterably
in-situ doped Z4wiseBslicthearasemignpadiamive heterramaiy dipmimbadifeqdiey is 25between

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

Jem3. 27 ARSI EREeTARFRY ool EnlBYeln S R3¢ ABH BH IR SRASRISISHIZAURAY Wsheal to
activate thge dojatetstecuis 324dme R-&E etbededed SpurecderaByBesatinifdumiesed. to put a

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



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 epitaxial growth
in the 10 NFET gate 36. The PFET gate cap layer 38 and PFET first spacers 42 protect the 11poly-Si
gate 34 from SiGe epitaxial growth. 12Referring to figure 4, we perform a dielectric (e.g., oxide) etch to
13remove'the first dielectric lay&YBAGRY R TIFRIGHBAY & NiPREH SiGi IoHAve 8} Upitaxial Si
layer and 2 PRmpiaHiagibitcadrl &hrasrtd eRRalendne sodipainS (#vg.fam 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 Sié)’e) source/drain stressor 74. 19The NFET S/D epitaxial Si layer 79 can be thicker than that of

20PFET 3D epitaxial Si layer 7Preepfuske dhtheltiad B i rdeyuaiasies Sy aasSiothmdp s pig @an over
the embedded (SiGe) S/D 74. The reason is that when Si 22 grows over a Si surface, homo-epitaxy

occurs, a®oppdsetfi8 sing Svikd GRANR P8R IO TN PHEERYICRIRBAVERNSE THE JHsIRANSte can
also be catrollgebbp24ier epd NF ITORRAS LB MIoRStE heONFE Nirbh Sitgecapitayien 4foand. RFET gate

cap layer 38 27protects the poly-Si gate from the Si epitaxial growth. 28For example the epitaxial Si
orowe hetheolS SIEIREH0 Gy b1 B0 SR SUB.ORI SIAELLERE HELAIGEIS SRS 16 N kample,

the NFET&/D ddéte 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



lepitaxial Si layer 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. 3t 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 point 7the NFET surface is still not raised. By
being able to grow a thicker Si Ia¥:r 79 in 8 the NFET, the final structure is such that both NFET and

PFET has'the 8RiiBXahel R¥Fhd 08P & HaickresiPsivernte CrandnBlianesigrs@peiiteEs Mhrgin for

the 10 sulpseqegptsitiar Seayee/ Rl EiamvblE antcknbesNekwee DiepitiadiabBidagetréthand more
preferably 12 the entire PFET S/D epitaxial Si Ia?/er 75 will be consumed in a subsequent 13salicide step.

The NFEPS/D epitaxial Si layef!79 aR¢ R a3iieNE Gl SDfRIda SHANR/S 5K R the NFET

S/D and te Pltiah $1Bt IPFRIPS3HremiteRianSiIdpar sl angl aseswseadindagusonuapksealicide
process. 16The NFET S/D epitaxial Ti layer 79 and PF%‘E_F S/D epitaxial Si 17layer 75 help to create the
[

raised S/ structifds PRTRUSRIDEITR e BRENMLE SERNISIGR SRS AHBEI$YILEBRG which in turn will
improve dgvicev&gefarmanseahbabdsirae sadift i forhs & Fided// Britexédl . |1AYehigpisid0 doped

by outdiffusing, of the emhedded S/D stressor region 74 during a 21subsequent anneal. 22Since
the PFET /b WS R 15 S 1) GRS o b, RELNG 2Bl 0 M B IEER Sl AHPEL N 4 will be

consumedin atssbsRBTEriSHlINSIRASRD. i 8Gth R badkiftRE Taxad fPFET RiEheabesisiade

S g SR Tove1 31 11o0d &/8 Ahacie Vi Drowabs & rSater process hargm for tha e usually
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



26does not form a low resistivity silicide with the typical metallic materials (e.g. Co, 27Ti, 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 29Source/drain 74. 1 2E. remove the PFET cap and the NFET
cap and create the (reduced) 3second spacers 4There are at least two options for forming the reduced
sized 5 second spacers. 6In 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 spi'acers. 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 weRetch. The EerembwatecPPED cgpizedidhe NFENcaphand areaticthé (edehabédihe second
PFET spagers 52 13 and the secorclf NEET spacer 50 are completely removed. 14Then, we form reduced
second PFET spacers 53 ants SR8 Econd NFET spacer 51. The reduced second PFET spacers

53 and reduced 16 second NFEThgpace 2t RESPIRIE Gt co fopRseHiRG IHEdRdhéda_isRacer are called

reduced because the have a reduce height 18 and width compared to the original second spacer. This is
an advantage BeeaNdsRIMS reduced spacers allow the stress from a subsequently formed overlying

stress 20 gner to be transmitted, fofips¢lopmiogl. B 8RGRASIRIPFETSPRGNF ETNCRBSAdRAd 4o smaller

in terms of height and/or width compared to the original second
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



22 spacer. 23 24 25In 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. 1F. form the NFET Source/drains 2Referring to figure 7, we form a
PFET mask 83 over the PFET 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 epilﬁxié?@?lé@@r’%ﬁ ESPIRNSUtdiffusion of 12impurities (boron) from the
embedde%S/D 74. 13The anneﬁgi%@[ﬁéefgﬁlgﬁgn}orwfio?é]aat?pgg{ﬂ]itérsq(t&t\gggpt% ¢ and 1350 C
for a time between 10 microsec and 5 séc. The anneal is 15preferably a spike anneal. 16 The P-type
dopant fréin theegididdded S/D 74 diffuses down into 17 the substrate to form final PFET S/D junctions

74A. 18 13H. Silicide process gy referring to figure 7, we implant 61 N-type ions into NFET
5 region to form the NFET Source/drains 60.

6 Next, as 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



20 21As shown in figure 9, silicide can be formed over the gates and 22source/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 24region 14, gate silicide layer 88 and S/D silicide layer 90 is formed over
PFET gate 2534 and stressor regions 74 (and Si epitaxial layer 75 if not totally consumed by the
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 SYOPES SUfReELINENET e dine AP AT IBEREEE BoiR bhvERaReWRaaNeA!

metal-silicidesiperpaexe the eeackad B atetiaysmdtalashrioed/aVeaiahrich Mo cpredpieterably wet
etch). After this 4step, an optional heat treatment is performed to form metal-silicides of desired 5silicide

phases with oD &iRAYRE NS GIaGHe datal picH P RIESS IRESRIGRA MR RipRdcBEShE SN continue,

(see figure 10)ssesshaasdpadHarmedione afraciites pBRerieee. tSibind hevgr shrisebssraie arstiFET devices.
The 10 stress liner can create a compressive stress on the PFET channel. The reduced 11width PFET

spacers 53 on3HEBE R WHR |AY ShEEtHBISIRAMNE@ I Stress to 12 the PFET channel. 13 14Also,

we can fogn an interlevel dielectric layer, contacts, and 150verlying dielectric layers and interconnects.

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



16J. non-limiting example embodiments 17In the above description the order of the steps can be
changed. 18In the above description numerous specific details are set forth such as flow rates,
19pressure settings, thicknesses, etc., in order to provide a more thorough 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 instdnce8WdP KRBl SR6ticschRLaeiRbsliRR P HER GRheente tRaliRr JraBroBIa MR uARE cessarily

obscure tize preggabimiesitianr2 a4 HpashiHisahyentnnhgasiestheearaterd ity o tp sragHIC
27insulating materials, conductive materials and g(t)paratuses for dﬁf)osjting and 28etching these

materials 3t is 730 RAiRPRI e d At vahiniasr ey ase Silied4n 1BRITISRRIFLpIUGR:

characterigticsa ggcfias gppfetmdhat & presefRimangdd 2capabilities, such as depositing and etching,
and other materials and apparatus 3can be substituted as is well understood by those skilled in the

microelecBonics 4arts after appratRlitENa T Es8hEMPOHIBE BE XL R GSRBE BN IBR diNents of the

present ingentigesisis Sdlesrsinpdvéhgcalepe sie seidnliostatb ik stationethe takeh e takamgiHiniting the
7scope of_the present L?vention defined bt‘}/ the céaims. 8While the invention has been particularly shown

and described EAR L1BRRERSRMHBVSTATOR AP ERRSLRNBRE IR of, it will be understood by those
10skilled ig the art that various yiiang@sdnrashtisnthdstpdemearheunageniharid deparieg from the

spirit and SCOIOV(_;"/i’Eﬂc Fe]?eir%%%rgi%nfhlteigrig grr}ggdeﬁﬁ)bcc? i%evrﬁgot greof, 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



12modifications 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. 1516 17 18 19 1 2 3What is claimed is: 4 51.A semiconductor
device comprising: 6a substrate having first and second active regions, wherein the 7first and second
active regions comprise first and second transistor gate structures 8of first and second transistors,
wherein a gate structure comprises first and second 9 spacers; 10recesses in the second active region
adjacent th the second 11transistor gate structure, wherein the recesses being filled with a fill layer; and
12first soyrce/drain (s/d) layers in the first active region adjacent to 13 the first gate structure and second
s/d layers over the recesses in the second 14active region, wherein the first s/d layers comprise a faster
growth rate thaM AL IS SLAIERE iSid layers. 16 172.The device of claim 1 wherein the first transistor
comprisegan n-

5 1. A semiconductor device comprising:
6 a substrate having first and second active regions, wherein the
7  first and second active regions comprise first and second transistor gate structures
8 of first and second transistors, wherein a gate structure comprises first and second
9 spacers;
10 recesses in the second active region adjacent to the second
11 transistor gate structure, wherein the recesses being filled with a fill layer; and
12 first source/drain (s/d) layers in the first active region adjacent to
13  the first gate structure and second s/d layers over the recesses in the second
14  active region, wherein the first s/d layers comprise a faster growth rate than the
15 second s/d layers.
16
17 2. The device of claim 1 wherein the first transistor comprises an n-
18  type transistor and the second transistor comprises a p-type transistor.
19
20 3. The device of claim 1 wherein the fill layer comprises a SiGe
21  layer and the s/d layers comprise a Si layer.

22

16



18type transistor and the second transistor comprises a p-type transistor. 19 203.The device of claim 1
wherein the fill layer comprises a SiGe 21layer and the s/d layers comprise a Si layer. 22 14.The device
of claim 1 wherein the first active region comprises 2first type ions. 3 45.The device of claim 1 wherein the
fill layer comprises a SiGe 5layer doped with second type ions. 6 76.The device of claim 5 wherein the fill
layer is formed using an in- 8situ epitaxy process. 9 107.The device of claim 1 further comprises a
stressor layer gver the 11substrate and first and second transistor gate structures. 12 13 8,The device of
claim 5 wHereift the second type' {hSRYIERHASEIRIM Anyecisia the g@éﬁﬂ@’ BEGRQDHLOERIESRherein the

first type ions comprise n-type 17ions. 18 1910.A semiconductor device comprising: 20a substrate having

first and sBcond Hd¥PE 18G%ns, wherein the
3

4 5. The device of claim 1 wherein the fill layer comprises a SiGe

5 layer doped with second type ions.

7 6. The device of claim 5 wherein the fill layer is formed using an in-

8  situ epitaxy process.

10 7. The device of claim 1 further comprises a stressor layer over the

11 substrate and first and second transistor gate structures.

12

13 8. The device of claim 5 wherein the second type ions comprise p-
14 type ions.

15

16 9. The device of claim 4 wherein the first type ions comprise n-type
17  ions.

18

19  10. A semiconductor device comprising:

20 a substrate having first and second active regions, wherein the

21  first and second active regions comprise first and second transistor gate structures
22  of first and second transistors;

17



21first and second active regions comprise first and second transistor gate structures 220f first and
second transistors; 1stressors in the second active region adjacent to the second 2transistor gate
structure; and 3first s/d layers on the substrate in the first active region adjacent 4 the first gate structure
and second s/d layers on the stressors in the second active 5region, wherein the first s/d layers comprise
a first material and the second s/d 6layers comprise a second material, wherein the first and second
materials have 7different growth rates. 8 911.The device of claim 10 wherein the first transistor comprises
n- 10type transistor and the secFRPRAMSIBIITSRRANLaC KR aaAdIKERM 101885¢RRE vice of claim
11 wherein: 13the stressors comprise a top surface above the substrate; and 14the first and second s/d
layers for firdfAPRIBESRE SHETHWR: PGructures of the first and second transistors, the first and
second raised s/d 16structures havin{%gtop surfaces which are about coplanar. 17 1813.The device of

claim 10 wherein the stressors SGPhSiLEREHOTbIRE RS UBIR I dhe diBLASINeI6 91k iR G K ice of

claim 10 wherein f}rst and second s/d Iagers form Zgrft and secgnd raised s/d structures 8f the first and
second trgfnsistgg?s 'rtﬂegﬁ@t structure and second s/d layers on the stressors In the second active

5 region, wherein the first s/d layers comprise a first material and the second s/d
6 layers comprise a second material, wherein the first and second materials have

7  different growth rates.

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

11

12 12 The device of claim 11 wherein:
13 the stressors comprise a top surface above the substrate; and
14 the first and second s/d layers form first and second raised s/d

15 structures of the first and second transistors, the first and second raised s/d
16  structures having top surfaces which are about coplanar.

17

18 18. The device of claim 10 wherein the stressors comprise a top
19  surface above the substrate.

20

18



3 and second raised s/d structures having top surfaces which are about coplanar. 4 515.The device of
claim 10 wherein the first s/d layer over the first 6active region comprises raised diffusion structures
doped with first type ions. 7 816 The device of claim 10 wherein the stressors comprise SiGe 9 doped with
ions of a second type. 10 1117.The device of claim 16 wherein the second type ions comprise p- 12type.
13 1418.The device of claim 10 wherein the stressors comprise SiGe 15 doped with ions of a second type
and the first and second s/d layers comprise Si. 16 1719.The device of claim 10 wherein the stressors
comprise & fill ifer 18filling recE88REHERLESIRIRY LENREFERIIN S FRARIBAS L IBYRIS 1Y Bstor gate
19structure. 20 21 22 120.A semiconductor device comprises: 2a substrate having first and second

active regfons, [ @athsReCsft£pistd i Sy Sikties Rl ErshANTiSEsRBdAFRNSRIBR i EISlor gate

structures_4of firsa and second tr S%Z;istors, wherein the first and second. gate str%ctures 5comprise first

and secort siGEWAIPSPALR SEHS SR H IR IARRirdaces which are about coplanar.
4
5 15. The device of claim 10 wherein the first s/d layer over the first

6 active region comprises raised diffusion structures doped with first type ions.

8 16. The device of claim 10 wherein the stressors comprise SiGe

9 doped with ions of a second type.

10

11 17. The device of claim 16 wherein the second type ions comprise p-
12 type.

13

14  18. The device of claim 10 wherein the stressors comprise SiGe

15  doped with ions of a second type and the first and second s/d layers comprise Si.

16

17 19. The device of claim 10 wherein the stressors comprise a fill layer
18 filling recesses in the second active region adjacent to the second transistor gate

19  structure.

20

21

22
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6stressors in the second active region adjacent to the second 7transistor gate structure; and 8first s/d
layers on the substrate in the first active region adjacent 9 the first gate structure and second s/d layers
on the stressors in the second active 10region, wherein the first s/d layers comprise a first material and
the second s/d 11layers comprise a second material, wherein the first and second materials have
12different growth rates. 13 14 15

1 20. A semiconductor device comprises:

2 a substrate having first and second active regions, wherein the

3 first and second active regions comprise first and second transistor gate structures

4  of first and second transistors, wherein the first and second gate structures

5 comprise first and second sidewall spacers on sidewalls of the gate structures;

6 stressors in the second active region adjacent to the second

7  transistor gate structure; and

8 first s/d layers on the substrate in the first active region adjacent

9 the first gate structure and second s/d layers on the stressors in the second active
10  region, wherein the first s/d layers comprise a first material and the second s/d
11 layers comprise a second material, wherein the first and second materials have
12  different growth rates.

13
14
15

20



