Sem conduct or Devi ces Having pFET with Si Ge Gate El ectrode and Enbedded
Si Ge Source/Drain Regions and Met hods of Making the Same TECHNI CAL FI ELD
100011The present invention generally relates to the nmanufacturing of
sem conductor devices. In one aspect it relates nore particularly to the
manuf acturi ng of sem conductor devices having a pFET with a silicon
germani um (Si Ge) gate el ectrode and enbedded Si Ge source/drain regions.
BACKGROUND

Semiconductor Devices Having pFET with SiGe Gate Electrode
and Embedded SiGe Source/Drain Regions and Methods of Making
the Same

TECHNICAL FIELD

[0001] The present invention generally relates to the manufacturing of
semiconductor devices. In one aspect it relates more particularly to the manufacturing
of semiconductor devices having a pFET with a silicon germanium (SiGe) gate

electrode and embedded SiGe source/drain regions.

BACKGROUND

[0002] Many semiconductor devices, such as memory devices, utilize both n-type
field effect transistors (nFETs) and p-type field effect transistors (pFETs). One example
of a memory device that uses both nFETs and pFETs is a static random access
memory (SRAM) device. A typical SRAM device includes arrays of thousands of SRAM
cells. Each SRAM cell may have four or six transistors (for example). A commonly
used SRAM cell is a six-transistor (6T) SRAM cell. A 6T SRAM cell has two pFETs

interconnected with four nFETSs.

[0003] As technology progresses, the size of individual components and portions of
semiconductor devices are continually being scaled down. This increases device
speeds and allows for smalier integrated circuit chips to be produced. It also allows for
more devices and even multiple systems to be placed on each chip. In turn, this allows
consumer products and other equipment to be made smaller, lighter, and yet more

powerful than previous products. It also allows for more features and functionality to be



[ 00021Many semni conduct or devi ces, such as nenory devices, utilize both
n-type field effect transistors (nFETs) and p-type field effect transistors
(pFETs). One exanple of a nmenory device that uses both nFETs and pFETs is a
static random access nenory (SRAM device. A typical SRAM device includes
arrays of thousands of SRAM cells. Each SRAM cell may have four or six
transistors (for exanple). A commonly used SRAM cell is a six-transistor
(61) SRAM cell. A 61 SRAM cell has two pFETs interconnected with four

NnFETs. 100031As technol ogy progresses, the size of individual conponents

and por tihendedin SRYIE PreHiet (ér.g.,d@éﬂiﬁh‘éﬁe@{}vﬁh%me'fd%Ueﬁ‘thb{aé%%%r&g@fo?d down.
This increases device speeds and allows for smaller integrated circuit

chi ps t onREMBEAFIHRRE, irhdged! 8 @lbeys for nore devices and even multiple
systens to be placed on each chip. 'In turn, this allows consuner products

and ot her equi pnent to be nmade smaller, lighter, and yet nore powerful than
pr evi ouslOpdduc BEe has bgaypknomngga YelY PRInisingaataria dorraled dawnidM@lity to be
included in a single product (e.g., cell phones with canmeras and massive
st or age ©6ANIeEY eﬂ@!ﬁsi Sigeihes bpemgieasessfilly integeaied in spOAIENCRIIABS been

known as a ve_r%/ prom sing material for scaled down CMOS
of transistors as stressors to enhance the performance of devices, the devices based on

such concept has been mass-productive. However, integrating more stressor
components tagether such as Stress Memory Technology (SMT) for nFETs and Dual
Stress Liners (DSL) for both pFETs and nFETs have been challenging. Hence, there is
a need to find new ways to incorporate SiGe into transistor structures, while also
reducing the complexity of manufacturing processes to improve or maintain

manufacturing efficiency, device reliability, and production yield.
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technol ogy. Enbedded Si Ge has been successfully integrated in source/drain
regions of transistors as stressors to enhance the performance of devices,
t he devi ces based on such concept has been nass-productive. However,
integrating nore stressor conponents together such as Stress Menory
Technol ogy (SMr) for nFETs and Dual Stress Liners (DSL) for both pFETs and
NFETs have been chal |l engi ng. Hence, there is a need to find new ways to
incorporate SiGe into transistor structures, while also reducing the

conpl exity of manufacturing processes to inprove or nmaintain manufacturing
efficiency, device reliability, and production yield. SUMVARY OF THE

| NVENTI GUMBBOYIPH Tt bMENEEONA t h one aspect of the present invention, a
met hod of maki ng a sem conductor device is provided. This method includes

the folnggmggg Srn%%o.%%ﬁeémﬁgné%sféﬁtafmarp@égeﬁpmvem% QhiiRfoddf rhdléngt eps may

vary, sequential, may overlap, may be in parallel, and combi nations
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stack is forme e-substrate at an nFET reg pacer structures are

f or med @g{,&{}ﬁﬁ%ﬁﬂ?ﬁ&#%&a&@% t%%wo?ﬁ( rﬂft%itﬂ’én&ﬁs IS4, OA fifse

substra regl ons. tensile-stress-i nducl ng mask

| ayer i %%5{529‘39?‘@5%‘{&% §HP§%‘(@5€E} pﬁ%ﬁﬁ%ihéﬁé@é’&% k irdiided Ee gate
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first pa ayer . rain regions o strate are
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first g _ hed a _ egi on. etching i's at |east
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remans. n?ﬂﬁé @S(edsftédkg. Frﬁ§ g&%ﬂé-sﬂ{agsé{n%gﬁéi pﬁék ij%:rfétr%bv% frtil'{lttlji'léapFET

sour ce/ dt & egions of e subs e regl on. ' east part of

the fir %Egﬁa\ﬁ?lfé r%fétir{ilgg grfg%tg&o%l Ia)iée?L o%&%&%igﬁy F@Eﬁ #gﬁng hi ﬁ?ﬁ dait8etine first

gate stac orm-a rode recess. aterial 'I's fornmed
(o et e b BRIl o IR SRR PR 1 L he
and the first gate electrode material of the first gate stack is etched at the pFET region.
The etching is at least partially selective against etching the tensile-stress-inducing
mask layer so that the nFET region is shielded, and the etching is at least partially
selective against etching materials of the spacer structure of the pFET region so that the
spacer structure of the pFET region at least partially remains. Source/drain recesses
are formed by the etching in the source/drain regions of the substrate at the pFET
region. At least part of the first gate electrode material is removed by the etching from
the first gate stack to form a gate electrode recess. A SiGe material is formed

(preferably by epitaxially growth) in the source/drain recesses and in the gate electrode

recess at the pFET region.
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[ 0006) I n accordance with anot her aspect of the present invention, a

sem conduct or device including a pFET transistor is provided. The pFET
transi stor includes an enbedded Si Ge source/drain nmaterial formed in
source/drain recesses at source/drain regions of a substrate for the pFET
transi stor. The pFET transistor also includes a first gate stack with an
enbedded Si Ge gate el ectrode material, where the enbedded Si Ge gate

el ectrode material is a same material as the enbedded Si Ge source/drain

mat eri al because the enbedded Si Ge gate el ectrode material and the enbedded
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stack; a e € substrate adjacent € ox1 de spacer;
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appendedm%{e%fr%hd wherein the embedded SiGe gate electrode material is thicker than the

first gate stack material. The spacer structure may include: an oxide spacer extending

along the sidewalls of the first gate stack; an oxide layer formed on the substrate

adjacent to the oxide spacer; and a nitride spacer formed on the oxide layer and

extending along sidewalls of the oxide spacer, such that the oxide spacer is located

between the first gate stack and the nitride spacer and such that the oxide layer is

located between the nitride spacer and the substrate.

[0007] The foregoing has outlined rather broadly features of the present invention in
order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of the invention will be described

hereinafter which form the subject of the claims of the invention. [t should be



BRI EF DESCRI PTI ON OF THE DRAW NGS 100081The following is a brief

description of the drawi ngs, which illustrate exenplary enbodi nents of the
present invention and in which: [00091FI Gs. 1-12 show sone illustrative
steps of a first illustrative nmethod enbodi nent of the present invention;

100101FIG 13 shows a sinplified schematic of a transistor with Cartesian
coordi nates drawn thereon;

appreciated by those skilled in the art that the conception and specific embodiment
disclosed may be readily utilized as a basis for modifying or designing other structures
or processes for carrying out the same purposes of the present invention. It should also
be realized by those skilled in the art that such equivalent constructions do not depart

from the spirit and scope of the invention as set forth in the appended claims.



[ 00111FI Gs. 1417 show sone illustrative steps for a second illustrative
nmet hod enbodi mnent of the present invention; 100121FI G 18 shows an

illustrative step for a third illustrative nethod enbodi nent of the present
i nvention; 100131FIG 19 shows an illustrative step for a fourth
illustrative method enbodi ment of the present invention; and [0014]Fl Gs.
20-21 show sone illustrative steps for a fifth illustrative nmethod

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following is a brief description of the drawings, which illustrate exemplary

embodiments of the present invention and in which:

[0009] FIGs. 1-12 show some illustrative steps of a first illustrative method

embodiment of the present invention;

[0010] FIG. 13 shows a simplified schematic of a transistor with Cartesian

coordinates drawn thereon;

[0011} FIGs. 14-17 show some illustrative steps for a second illustrative method

embodiment of the present invention;

[0012] FIG. 18 shows an illustrative step for a third illustrative method embodiment

of the present invention;

[0013] FIG. 19 shows an illustrative step for a fourth illustrative method embodiment

of the present invention; and

[0014] FIGs. 20-21 show some illustrative steps for a fifth illustrative method

embodiment of the present invention.



enbodi mrent of the present invention. DETAILED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENTS 100151Referring now to the drawi ngs, wherein |ike reference
nunbers are used herein to designate like or simlar elenments throughout
the various views, illustrative enbodi nents of the present invention are
shown and descri bed. The figures are not necessarily drawn to scale, and in
sone instances the draw ngs have been exaggerated and/or sinplified in

pl aces for illustrative purposes only. One of ordinary skill in the art

wi |l appreciate the many possible applications and variations of the
present invention based on the foll omnng illustrative enbodi nents of the

pr esent PEWQHEPO‘HESFBUTBP&QEJ%M%FR%THV FRPREMENES t he present invention

provi des a sem conductor device structure for nFETs and pFETs, where the

PFETs hapg1} Si GRfdth@nl &StheQigwings! vithad HRE refbreRcs AUMBE: Gratlised egi ons,

and nethods of naking the same. Afirst illustrative and currently

preferr eﬁlereiattaees@n&emkérenémmér él&ﬁeﬁé%ﬁﬂéhddﬁmdri@ﬂs Wels, itgstd@esr | bed
first with reference to FlI Gs . Then, a second illustrative nethod

embodi MeghbdMibnif @%S;S‘f{a’sé}ﬂ%\)éhﬁéh ér@fsﬂbﬁﬂ%dtdés&‘b@@ Thé fiddresMe&het third and
fourth illustrative nethod enbodi nents will be described with reference to

FI Gs. 18n&adsakily dra@mits SEAI¥SAnG: méoﬁwalﬁé?arﬁdels‘!ﬁé a.%w.ﬁ@% HA#%E BREn eRRydrdtENt W |

then be described with reference to
and/or simplified in places for illustrative purposes only. One of ordinary skill in the art

will appreciate the many possible applications and variations of the present invention

based on the following illustrative embodiments of the present invention.

[0016] Generally, an embodiment of the present invention provides a semiconductor
device structure for nFETs and pFETs, where the pFETs have a SiGe gate electrode
and embedded SiGe source/drain regions, and methods of making the same. A first
illustrative and currently preferred method embodiment of the present invention will be
described first with reference to FIGs. 1-12. Then, a second illustrative method
embodiment will be described with reference to FIGs. 14-17. Next, third and fourth
illustrative method embodiments will be described with reference to FIGs. 18 and 19,
respectively. A fifth illustrative method embodiment will then be described with

reference to FIGs. 20-21.

[0017] Turning now to the description of the first illustrative method embodiment,
FIGs. 1-12 will be described. lllustrative method steps and intermediate structures of a
pFET 31 and an nFET 32 for a semiconductor device 33 (e.g., a logic device or a
memory device) are shown. Not every method step and intermediate structure of the
pFET 31 and nFET 32 of the semiconductor device 33 will be shown for purposes of

simplifying the drawings. It will be understood by one of ordinary skill in the art that
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[ 0017] Turning now to the description of the first illustrative method
enbodi nent, FIGs. 1-12 will be described. Illustrative nmethod steps and
internedi ate structures of a pFET 31 and an nFET 32 for a sem conduct or
device 33 (e.g., a logic device or a nenory device) are shown. Not every
met hod step and internediate structure of the pFET 31 and nFET 32 of the
sem conduct or device 33 will be shown for purposes of sinplifying the
drawings. It will be understood by one of ordinary skill in the art that
there will be other nethod steps and internediate structures that need not

be showiné@ iifBE birke rdif I REMOShERRAALFBRL struclurdd thht Adethd? Be 4RG\EH & 00d by

one of ordinary skill in the art that there wll typically be thousands of

pFETs a Tl ENh&A tOki I 16L, at:pansi st ors
are shov\n’.’/rga Sﬁlgééet?‘ﬁ éﬁ"“;ur pos@gHgflp\giu%ﬁq %?%%Y?E%é gggﬁﬂgﬂhmf%@fﬁ G 1is

a Cross-geghioq tNér@Wilﬁ;ggi\g@ﬁg@ne?ﬂﬂgyéﬂtrﬁg%# Pﬁéfé‘ ShREETOM 4 g@ﬁi\%&rﬁcﬁktor

illustrative nethod e present 1 nvention. I's stage

shown | tdilc: oven 1R BlcPiraiflifirs LRERAM haBNG! W
i sol ation reg?or?sﬂ% for’?reé)ettrﬁ%# e(lgrrs1 {0 ernl ne @oun%??%s ogmﬁﬁ%f f usi on
regi ons tf\?ﬁrémﬂﬁ‘qﬁOFET 31 and nFET 32, shallow trench isolation (STlI) in this
exanpl e. sholl d be noted that although the pFET 31 and nFET 32 are shown
next to each other, it will be understood by one of ordinary skill in the
art thatl00¥ pFEE.J1s asrssrErtigpviawshewingan ingal Paickre phhe firsihd t hey may or
may not be directly adjacent to each other (i.e., there may be other
st r uct uritustrgtivegagthed embedineern of theargsent duentiam Atitids stage ghewe & iGellectri ¢
material 40 and a first gate electrode material 41

a substrate 36 of the semiconductor device 33 has isolation regions 38 formed therein

to define boundaries of the diffusion regions for the pFET 31 and nFET 32, shallow

trench isolation (STI) in this example. It should be noted that although the pFET 31 and

nFET 32 are shown next to each other, it will be understood by one of ordinary skill in

the art that the pFET 31 and nFET 32 may or may not be aligned, and they may or may

not be directly adjacent to each other (i.e., there may be other structures or devices

there between).

[0019] In FiG. 1, a gate dielectric material 40 and a first gate electrode material 41
are formed on the substrate 36. In this example, the first gate electrode material 41 is
polycrystalline silicon. As will be discussed further below, the first gate electrode
material 41 may be any suitable material, including (but not limited to): polycrystalline
sificon, polycrystalline SiGe, semiconductor material, metal, or combinations thereof, for
example. The first gate electrode material 41 is overlying the gate dielecfric material 40.
In an embodiment, the gate dielectric material 40 may be a single homogenous layer or
multiple laminate layers of dielectric material, for example. The dielectric material used

for the gate dielectric material is preferably high-k dielectric material, and may be any
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are formed on the substrate 36. In this exanple, the first gate el ectrode
material 41 is polycrystalline silicon. As will be discussed further bel ow,
the first gate electrode material 41 may be any suitable material,
including (but not limted to): polycrystalline silicon, polycrystalline
Si Ge, sem conductor material, netal, or conbinations thereof, for exanple.
The first gate electrode material 41 is overlying the gate dielectric
material 40. In an enbodinment, the gate dielectric material 40 nmay be a
si ngl e honogenous | ayer or nultiple lamnate |layers of dielectric nmaterial,
for exa gkl fndlRif uAkioiaeatAss! dRnGA!RedbRLAR! 1 ¢ Materi al
is prefer gg?lﬁﬁﬁ%‘%ﬁfﬂngﬁh?lgg}cmﬂmt e_lri al , aands'my be Fgeny sui tabl e .
di el ectr a?aéTEétﬁé Iedhodiddifd Matehgs Biddig RASwIBE Bldr deFelogathn Faﬁgﬂb@gé%e' ectri c,
parael ectric, férroelectric materials; currently known or |ater devel oped).
For purp - di i-0n, ' Si i t tthQBEETQUr es

. 0?%?3%U9§I0 & H tsﬁi% 05 crUsQ-Qécﬂ%ETiﬁg n% \A{llnge ré(;?ﬁecdt Sflﬁgae% he PI

will be Teferred’to a reglon be
referred_f: . ' i Ll f ?P@Thﬁ‘mﬁl pFET
regi on 3’5@85%\3 aéﬁqg‘géﬁgg%e\&hf%? r%%rr}g @#%%tﬁeﬁ%"e ehEEjQr’;ng!g on 52. The
substr at 6, f 20 y.. di R n?&p ; Il or P
wel | forfﬁggeq Wgﬁ%?ﬁ?? r%gﬁc%* ?ﬂ 0 hat-:-rﬂllﬁeénﬁézd{l”ﬁr!edﬁtfér noﬂ[nqg?]éﬁn%?regtlﬁl‘eg\%ubst rate
may diffgr in r / i ; i
11 con- Bl 1helin it SsteaRh LG fo bBbna e, NRIGT £ Bebormed o1
(301), 1-V. (111 r 1,C rgﬁ% SR gonduct or
on sili itéﬁreg}), %rhd 'g(?%e.ge%ﬂﬁ%gﬁbgﬁ@%tﬁgggéﬂ@?g%&on Tglss cor\g/er ed by a
patterned sk 54 Q. g%;g esi st er | i I gate
el ect roa@d@t%?ﬁeﬂ?‘gﬁ{%agh éer{c)i(el'i" %&cg%&@é%){ g%@lg%ﬁb%t%?ea%tg{ er?' enbodi nent
(not sho the pEET r.egi 51 Ry, i h&Pion 52,
t her eby eég'i)"?’ﬁ'wﬁﬁoﬁdnﬁ%aetgﬁcec’ce@)’f %lrngﬂl%ﬁ%%?%gn%dgﬁ t8 gs Wé%m%g(télgr gg'ﬁg%w?g may be
the case_in _an, epbaodi e he first gate electrode naterial 41 is
conpl et TXMPUING (ﬁopﬁmﬁﬁioﬁé\@é&r‘ igion 51 at a later step, for exanple. The
doping step shown in FIG 2 is sonetines referred to as a pre-dope step.
After thjos2Qr e- Hopks. &t the, pRETeregimntdrin eavared Ry Balipined imaskdddedd. [ 002111 n
FIG 3, a first gate stack 61 in the pFET region 51 and a second gate stack
62 in t hehatdrESist mgiedal), Sehilartie fist gate.cletrode mpderial 41 iscdaped in thenRldy be f or med
using any currently known or |ater devel oped nethod of form ng a gate stack
st r uct urregioRdi2. dx anpther emmbedigent(rst sisie)dhe pEET megion &1 fsyrhediapeiing
conventional photolithography and ani sotropic etching steps. At this stage,
each of #lbeg fvith $he nfil eregionci?, Glerelndelintirating the need for forming the patterned

mask 54. This may be the case in an embodiment where the first gate electrode

material 41 is completely removed in the pFET region 51 at a later step, for example.

The doping step shown in FIG. 2 is sometimes referred to as a pre-dope step. After this

pre-dope step, the patterned mask 54 will be removed.

[0021] In FIG. 3, a first gate stack 61 in the pFET region 51 and a second gate stack
62 in the nFET region 52 are formed. These gate stacks 61, 62 may be formed using
any currently known or later developed method of forming a gate stack structure. For
example, the gate stacks 61, 62 may be formed using conventional photolithography

and anisotropic etching steps. At this stage, each of the first gate stack 61 and the



second gate stack 62 includes the first gate electrode material 41
overlying the gate dielectric material 40. Next, as shown in FIG 4, oxide
spacers 64 are fornmed al ong the sideways of the gate stacks 61, 62. In this
enbodi ment, a polysilicon re-oxidation step and a | ow tenperature oxide
(LOT) deposition (e.g., by chem cal vapor deposition (CVD)) are perforned
to formthe oxide material of the oxide spacers 64. A rapid thermal anneal
(RTA) step may be performed prior to etching the oxide nmaterial of the

oxi de spacers 64. This RTA step may be used to activate the pre-dope in the

pol ysi licon . the, fi.r.st gat | ectrode terial .. When i S, appropriate
to do Spsf‘é%%ciﬁétegﬁacg |2§'3ﬁ|?cgi§itﬁe ﬁESEH?Wgeq?)QI'%?g&at?r@' a},ov?%ra ﬁ?é’aﬁ)n etch
(6D SRR B 0, DB Do 5 RSl SR A SR S P,
Feqt ons SHevals el Sen T2, B BpRedipRtt a evaliicn LB oRaons (o a
b oeker BB o b YRR e PRt 7 '
i npl ant i S perfornmed in alignoent with the oxide spacer structures 64
and is ﬁg/Pé)r%fgl%?”af ?igﬁOlfBW h‘?& matfﬁagﬂfﬁe%‘i‘?ﬁ?ﬁ}feﬁfoéé‘-t’éf?ﬂ' 5, nitride
54 o PEHTA Hange B UG By be RO BRAPiel BErNEG: e RITAMA PR Rc0r o 74
and the gate stacks . But first, |t nmay be desirable to forman LTO

| ayer 7§%@?§@Wé§§u%%§f%5§@,m?% S PPy ioag:g{//%eélieaer@-cg)ge "&H& t he second

or m ¢ haaslpprbr SRS Hec T mEEel &) avherng inapPereda dasoathebon st op
or etch buffer while etching the nitride materjal. to formthe nitride
spacers aﬁ@”'ﬁ%’ﬁ@l@,etaﬁ‘?ﬁ PIOFETS{E-9- TeRtlypden ?@h AR} s perfarmprd irdem thee nitride
Pacer s OHe WoRPI LRSI SBTLIEE1C b GREHOMTES f12 PIRR AR PR an
ani sotraopi ¢ mann (e.q., selective against etching oxide naterials and

st oppi ng?%cﬁcﬁ'oi”ﬁé” gﬁa‘},é&@h Frextenpiqampian is preiormag oY iepiaating o édethed f r om
over the source/drain re io?s 71, 72 using a wet etch, for exanple. After

f or mi ng PHECIRRIEREoRHAL RS e stipsiatn BAdPaPRET SpRRRINFES SPePosREl, by
SUpst TG TRk G O ABASUGHG bW g BGE5hUHE 3 S BRIV BAkaRL | ng
dept h. Al though not shown, the pFETs (nFETs) are typically blocked by photo
resi st \WEANOKLIEEISE WDy PRIFtTINg )oFfEEFﬁ) 'mdantﬂ@sgfpmgtmdape@w n (S/ D)
implant is optional because pFETs S/D area nmay be recessed and filled with
i n-si t uHakgREmRnt (Wi de exdde yaceppleectaeasd agg &y prafesably-gghaligw implade second

i npl anting depth will be greater than the first inplanting depth. However,

any sui jed2kp doRéfegringaidneoFIGNS, rifriadispader EUENRRBIAAhKB BB RWrmledlodr
devel oped) may be used in a nethod enbodi nent of the present invention.

Al so, arte sidblvalld of tRPETE spaddrsl 61 UscPthat HIBATE spalcéRB4 HBIs@edWtRELR! S, and
nunber of spacer structures may be used in an enbodi ment of the present

i nventi ee nigldengavbrsT4amd thelbhakkaks 61Des. Bit firstPht Ay HRASIr8RNE td AFfmdopi Ny
t he source/drain regions 71, 72. 100231In FIG 6, a first oxide layer 81 is
formed @warro Rgestdsidr Mesublirafe s, 8RAWSY gate stack 61, and the second gate

stack 62, prior to forming the nitride material that will be used to form the nitride spacers

74. This LTO layer 76 may be used as an etch stop or etch buffer while etching the

nitride material to form the nitride spacers 74. Hence, part of the LTO layer 76 may

remain between the nitride spacers 74 and the substrate 36, as shown in FIG. 5. To
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structures 64, 74, and the gate stacks 61, 62. The first oxide |ayer 81 may
"be deposited using a CVD LTO process, for exanple. Next, a nitride | ayer 82
is formed on the first oxide |ayer 81. The nitride |ayer 82 and the first
oxi de layer 81 may be forned using any suitable process (currently known or
| ater devel oped). As shown in FIG 6, a first patterned mask layer 91 is
formed over the nFET region 52, which nay be a photoresist nmask forned
usi ng photolithography for exanple. Wth the first patterned mask | ayer 91
in place, the nitride layer 82 is etched at the pFET region 51. Preferably,

this nityide et. i s at as artially sel ectiye, against etchi ng oxide
nat er i alfg%ﬁlerﬁ{%%f’ﬁga‘f’?r?ég' %@Iﬁg{cf]%%ﬁs A th%gﬁlngﬂe 'B?Q?Hagf'ﬁ | ayer or
at least_an etch buff?r Iager. The, ni\ér%‘_de etch may be chem cal

downst r AIFWPRIE e (€80 5cledlyRAdainshelehing oxidemateral andigtopaipg onde j s
removed f t he pEET reqi 51. Preferably, this etch of the first oxide
| ayer 8 L 1@ RYee ahdhep Pas B arss LR r%ovgﬁgr%%vqﬁtfp%fmg%ﬁ/@ag\ ectrode
materi al 41 ex?osed_at the pFET region 51, as shown in FIG 7. 100241After
r enovi nd“PRES Ailt 74 YRINg et e@@, ohexameles At fogring dhg alfile specersdth @ he pFET
regi on 51, th(;j first g_atter ned nmask Iae(er, 91 (see FIG 7&?{%3 renmoved (e.g.,
resi st SYMG/ERBAMPIINbiSRsEPMed; by igpianting ippeyespectivelydptotRasuragdiie i r st
patterned mask Ia%%r 91, a recrystallization anneal (e.g., spike anneal or
| aser arfR8RNF Ad) 7 4ehyihe subsbiale, 3G aithe FEL hANdDHET 22 tegions ip arses? 36 at t he
NFET region 52 while the nitride IaKer 82 and the first oxide |ayer 81 are
still i dmpiantiag depihs Atouah raS skawrdha PEERS (NFETS) aeg tpically Riederddy i n t he
NFET channel region 92 (for stress nenpory technol og¥ (SMI) to inprove nFETs
per f or neitod fesighwhen performing Wl T sipEF Tebiniptant e B¢ GET @ f@irce/drain 6/8pt i onal to
performthis recrystallization anneal at this stage ébut it may be

pr ef er adM@jangiscoptisaalibgepusepiETspDaraa mayhisdpeensed ped fillag with inrsitiile process
to recrystallijze the substrate 36 at the nFET region 52 while the nitride

| ayer 8Xqpanispeh asBedenad Sigganaierials FiTgpically. e sqcen implaptinacdepthwdl peen
performed on the source/drain regions 71 of the substrate 36 at the pFET
regi on € @iRatenthaniibe first wplanting deptie tHowpvernysuiable doping paterniandt gat e
stack 61 (at the pFET region 51). Preferably, this etching is at |east
parti al |9/adientdevirenilydgawvn f latardevalgradxmayiee Herd i5a methad eatbodimentef t hat it

mostly or only etches sem conductor material, Le., the first gate el ectrode
mat er i althe presgat inygntion. Also, any suitable spacer structures, spacer sizes, spacer

materials, and number of spacer structures may be used in an embodiment of the
present invention, along with any suitable number of implanting steps for doping the

source/drain regions 71, 72.

[0023] In FIG. 6, a first oxide layer 81 is formed over the substrate 36, the spacer
structures 64, 74, and the gate stacks 61, 62. The first oxide layer 81 may be deposited
using a CVD LTO process, for example. Next, a nitride layer 82 is formed on the first
oxide layer 81. The nitride layer 82 and the first oxide layer 81 may be formed using
any suitable process (currently known or later developed). As shown in FIG. 6, a first
patterned mask layer 91 is formed over the nFET region 52, which may be a photoresist

mask formed using photolithography for example. With the first patterned mask layer
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exposed substrate 36 in this case. This etching may be an ani sotropic,

i sotropic or conbination of iso- and aniso- tropic RIE etch, for exanple.
Wet Si etching is not excluded. The nFET region 52 is shielded by the
nitride layer 82. Wth the etching being at | east partially selective

agai nst etching nitride and oxide materials, the spacer structures 64, 74
of the pFET region 51 will at least partially remain. As shown in FIG 9,

at |east part of the first gate electrode material 41 is renoved by the
etching fromthe first gate stack 61 (in the pFET region 51) to forma gate

o ot oo R TR L FEA SR EER TGRS, B TP Rl

129 50 S o SRR} i IR o a2
o R SRS iR ar,
S o e SAPATEL B0 B R R
B A R ™

remai nin electro th of the so rce/drain
oo ons Bavashaselcefiin NS THE PR 6ata et ol e oot ho
first gate ctrod naterlal 1% nzy etch at about the sanme rate as the
sour ce/ di'&i dE9IBRS178S ShQWLB FIBhE et ch rate for each portion is feature
si ze dependent. In a preferred enbodi nent, the source/drain recesses 96

have a dppid) 98 After @mafrgethé nirdelagert 82dhdthe ficst akide laykP 81 ronf the pFEMe t op
surface 100 of the substrate 36, for exanple. In other enbodi nents,

however , reglod 10 thedRétrattemadangskseger¥d (sey Fitk 7)) &y eRdved (dg.arasistui t abl e
depth. 1002711 n sone ot her processes, a nitride cap |layer (not shown) is

formed ostap/cleBR pfddess), gatRowit MOKGHS. nttepremtRitg théfirst patsdrn@hinasistagek 61 from
bei ng etched while | oaning the source/drain recesses 96. This requires

several extarcyb@apigation driedl (] $pidann@aron 1adet fanh€ATdYEMaY ©B parfbintdd de cap
| ayer. Thus, an advantage of an enbodi nent of the present invention is that

these stepscHitalies HengibsPatetasr N itInFEN fhdicH 52 whikime in@délapbit 82 giel wap | ayer
over the first gate stack 61 may be elimnated fromthe process flow
first oxide layer 81 are still in place. This may also cause a tensile strain transferred in
the nFET channel region 92 (for stress memory technology (SMT) to improve nFETs
performance ) when the nitride layer 82 is removed later. lt is optional to perform this
recrystallization anneal at this stage (but it may be preferable) because there will be

other opportunities later in the process to recrystallize the substrate 36 at the nFET

region 52 while the nitride layer 82 is still present.

[0025] In FIG. 9, an etching process has been performed on the source/drain
regions 71 of the substrate 36 at the pFET region 51 and at the first gate electrode
material 41 of the first gate stack 61 (at the pFET region 51). Preferably, this etching is
at least partially selective against etching nitride and oxide materials so that it mostly or

only etches semiconductor material, i.e., the first gate electrode material 41 and the
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100281As shown in FIG 10, a SiGe material 102 is epitaxially grown in the
source/drain recesses 96 and in the gate el ectrode recess 94 at the pFET
region 51. Preferably, this SiGe material 102 is in-situ doped with boron
(B) during the growth. Hence, the SiGe material 102 grown in the
source/drain recesses 96 and the gate el ectrode recess 94 is already doped
upon formation. Preferably, the growmh of the SiGe material 102 is a
selective epitaxial growh process so that SiGe material 102 is not forned
on the nitride and oxide nmaterials of the nitride |layer 82, the spacer
structures 64, 74, and the isolation regions 38. Because part of the first
gate el e®fROSEL Syhatiats indhisicang, S @mr%é“ahp%aelaa@w@a@ SABEDT04,

sel ective ep| t axi growt h process may be used. The SIGe material 102 that
grows i nCQme @@%@5@ AnisarEeieRImsich; for e’Fq"R@PyV\(%Sé?WBF‘Q '%'i‘%}st alline
with the sane crystal structure as the substrate or 100

ori ent at PEHdedaRle fiel maien Sdisshieldediiythe ﬁ!i'f'd%'%w?orvvtﬂhg‘er@ﬁ‘ﬁi‘%l ng portion
of the first gate el _ectrode_mat erial 41 in_the gate el ectrode recess 94

wil |1 Ketigg pelepBinpeially selprivecopinshetehiag Sifide ﬁf(‘f? Pdds Batgrialsnthesipaget ure as
the first gate electrode material 41, [00291Just as the etching rate was

f eat ur e Suclirgepbrdesfithe BoRpaedionSt wil agéﬁaét padialiy reain: chestowauinfdGt he
source/drain recesses 96), the growth rate is |ikewi se feature size
dependen?..at|gast pat pf thgﬁ‘lr&gsﬁte elecdioke gnaterial A s tameaved iy ithe plehisg freatther ai n
regions 71, it may have a slower growth rate or may be adjustable to sl ower
growt h rfgﬁbgatqaﬁtapg 6d éisithe BFET regiet 51)dadarnya Dﬁteteﬁﬁfitfﬁ’éﬁf%f@ﬁﬁl%i AlsPecesses 96
with the enbedded Si Ge material 102 to nmaximnm ze conpressive strain on the
PFET cha$fiEre/dral reresses 96 ase EmaA by therpiching i thersopiese(sirain éegiers Tbofs| i ght |y

overfill the source/drain recesses 96 because sone of the SiGe material 102
wi || be Gemybsteie Parbheds T fegienISi{eeqibtG.- &) silicidation processing. It may
be preferred to adjust the overfill of the enbedded Si Ge material 102 in

the sour ﬁ@i(ﬁr ai h FRERRRIER showh fiAt1d. Bepat b ﬁb‘i‘ﬁst@ﬂ@tel&i%}néténéﬂ ush with
the top surface 100 of the substrate 36 after the Silicidation of the

sour ce/ d#ﬁfé?nafﬁ&ét‘%ﬁég&% el&!ﬂﬁodb'ﬂeé@s@@ﬁ ?’ﬂ’f&qgé‘\}rﬁé‘g)l%fér%tto%h%na hdyg embedded
SiGe material 102 nay be flush with the top surface 100 of the substrate 36

or under gath leRirbde MBRrRPI LY BIA BsELEES SEInd 4 seltiild éHuth)(:al d;rbwths preferred
to conpletely fill the gate el ectrode recess 94, as shown 1n FIG 10, but

the gat eﬁﬁ@%éé&@) rE&@8Se %sf?éte R cRYESS é:’e'tﬁﬁcauﬁﬂn#&heri‘ggblnﬁﬁthaﬁ Ithe

underfilled ' in other enbodi men not shown). Thé enb d SIGe materi al

R T T T R
PFET r eGinaferiall41 than for the source/drain regions 71. This is another reason that there may

be first gate electrode material 41 remaining at the gate electrode recess 94. If the

width of the source/drain regions 71 is more similar to the width of the first gate stack

61, the first gate electrode material 41 may etch at about the same rate as the

source/drain regions 71. Hence, the etch rate for each portion is feature size

dependent. In a preferred embodiment, the source/drain recesses 96 have a depth 98

in a range from about 40 nm to about 100 nm from the top surface 100 of the substrate

36, for example. In other embodiments, however, the source/drain recesses 96 may be

formed with any suitable depth.
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100301After formng the SiGe material 102 in the source/drain recesses 96
and the gate el ectrode recess 94, as shown in FIG 10, it is preferable to
i npl ant boron ions. Because the nitride |ayer 82 is over the nFET region
52, no additional masking is needed for this boron inplant step, which is
anot her advantage of the first enbodiment. This boron inplant is preferably
a light dose to prevent relaxation of the enbedded Si Ge material 102 in the
source/drain recesses 96 (and in the gate el ectrode recess 94). Because the
enbedded Si Ge material 102 already includes in-situ boron doping, the

boron inplant may be a |ight dose. One of the advantages of using Si Ge for
the pFETIOB¥e elbsameeter grogpwsesSp aifridessardayandned Sl*?@‘é{mglﬁyf‘o'ﬂ@ﬁé’de h boron

t han polysilicon, whi ch provides | ower resistance and greater conduct ance
for the fifstgatepiask pbirprepentdhe fiisbode skekibhiroambeing stohed while fasmingARee t o
performa spi ke anneal to activate the boron doping, to recrystallize

regi ons sperga/drgingecesses AP! Ahisiraguiressgversl prenaeRs @%ﬁw.@ggﬁm@a@q let8™ on t he
pFET channel region 104. This spike anneal is an optional step here because
t he pFETeMSyESHCIBa nitdde ¢ap layeredines, ait adyvantageof gn ggordimardabiha®fessnt wi t h
anot her heat treatnent. Alternatively, the annealing step perforned at this
st age neipvention inbatibese stoepanahlosmingheatisrrng rangi lafer Bqving m@igidglqaéady
annealed in a previous step). [00311As shown in FIG 11, a second patterned
mask | ayleyerover the firgoatedstacked 1 may bestiminatediren tmei progegsrfivect t he pFET
region 51 during the renoval of the nitride layer 82 and the first oxide

| ayer 8 m t : y - ) to renove the
nitri delqogglggr Sg‘ggﬁgﬁﬂ_g{eﬁ@i'(r%gié%((ls%-gﬁlti%g?@%% E%(rlr?b/ﬁdg&nlgﬁgﬁ?egi on 52 may

be the S@dwc@ﬁgwr}i@&egbé eHSHE%h %‘é%é@?@dd@ fafeds dFat tihe epng (%%@51 .exanpl e.

In FIG 12, t tride |l ayer 82 Irst oxide layer process is

si mul t ar\e.%fbﬁsmg,gﬂgl@égé athiddl 482 IdR-sifrBdsed @il bm%ssrﬁuﬁr@rma@mmh.and the

second pattern [ayer 112 have been renoved. e stepS used to

conpl et ebne, BFeEérieéjmélQ.‘?aMEErBr&?n e %GurEé’/BFﬁrlglFecc;eE%Q S%Géad@th@@alei nes and

devi ces subsequent to the structure shown in .g., Silicidation,

cont act  £iifiol BBkss!dis LYy UopdRIBbh f o) PREGHEINMRE Glwth 8f fhe) MBY

i ncl ude any suit e conventi o ater devel op nufacturi ng processes.

ég?f’g éIF ;%?Gelrﬁat%nglv‘ﬁm% 5 isBRLAVd SfitaRaGBRH Frofssd thansSicelRbtedd ogiid h
not formed on the nitride and oxide materials of the nitride layer 82, the spacer
structures 64, 74, and the isolation regions 38. Because part of the first gate electrode
material 41 remains in the gate electrode recess 94, a selective epitaxial growth
process may be used. The SiGe material 102 that grows in the source/drain recesses
96 will likely be single crystalline with the same crystal structure as the substrate 36
(e.g., 110 or 100 orientation). And the SiGe material 102 that grows on the remaining
portion of the first gate electrode material 41 in the gate electrode recess 94 will likely

be polycrystalline with the same polycrystalline structure as the first gate electrode

material 41.

[0029] Just as the etching rate was feature size dependent (comparing the gate

electrode recess 94 to the source/drain recesses 96), the growth rate is likewise feature
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coordi nates drawn thereon. These Cartesian coordinates (X direction, Y
direction, and Z direction) will be used as reference directions for the
foll owi ng discussion regarding strains on the pFET 31 and nFET 32 of the
first enbodi ment (see FIG 12). For the pFET 31, conpressive strain in the
X direction (which is nost sensitive for a pFET) is inproved or increased
(e.g., about 72%or nore) using the first illustrative nethod of FIGs.

1-12. This strain on the pFET 31 is induced by the formation of the
enbedded Si Ge material 102 in the source/drain recesses 96, in conbination
wi th an anneal step. Ther | s be a slight increase (e.g., about 0.1%
in the t¥4% qp@"é?%ﬁ of tpﬁﬁgsﬁggt@ sgqq%tlﬁgﬁrrqn\ﬂerttﬂ%n Wuﬁiﬁﬂ&trﬁgﬂgﬁnvdkr easi ng

tensile stajn in Y direction for a pFET is typically undesirable, the
i pBed

amount  P3Y PRYSA SlaWBlIrQuithigts Remay justagle tp glowee SEWBB ARtRe S of FI Gs, 1-12
is negligible arid probably will not affect performance in _a substanti al
vway. Herfiesirablgdo ?Hﬁgﬁg'g ousze/dnain regpgses 98iwHe the pabrdded $iRe X direction
for the pFET 31 shoul d substantially outweigh any negligible effects due to
a very dnaigfl 1i°ﬁé?%@l?%@@ﬁgqss@%{ralam th%DE%BCéarm o4 s t he pFET
31. 100331 FI Gs. 14-17 show sone illustrative steps for a second

i |1 ust r aPYe InEtG Q. iténstariedde sightlyeuemil BvssourseidrainreerssesAB beeaused et hod
enbodi rent may be the sane as the first nethod enbodinent for the initial

st eps swemﬁ%%f?me giGenatesal Hiroyl bgiconsyraedlater downithestine during siliisieéien i ng agai n
to FIG 10, after the SiGe material 102 is forned in the source/drain

r ecesseProeEessing- ttaayke arefareac toadiist ecyerfiy of Bie amedded PiGematsriabl, and
after the additional boron inplant (if needed), a third patterned nask

| ayer 1282(ithe sourteddraingsregses 98 spdhqtdlie siticidmdiet shpwpisfusheygtohedap as
shown in FIG 14. Wth the pFET region 51 shielded by the third patterned
mask | aywffage300 9fath9isebsé@t%§6aftﬁrpmamhé@athmf thmowrpquéram @gioss 792 Bub make at
| east part of the source/drain regions 72 anorphous at the nFET regi on 52.

2
These pa® pther embagipents BaYshawm dhe enpepded BiEe matedpletQ2mgy beBivsh WKk t i cl es

capabl e of arnerphi zi n? (breaki n% bonds and lattice structures of the
si | i con)thg i ysfaee 0@ et the gabsirie B @r sadarblleddn tensquees/dain regesses Pe nFET
region 52, including (but not limted to): germanium xenon, arsenic,
si I'i con,Sigfabe s prefareado cpeplessly fil the asi@piprleade) recessiide pe shawn insdCGof  t he
second nmet hod enbodi ment, germani um may be used for this anorphizing
i npl ant 105 Byt tg aats eectrode recess 94 may be overfilled, flush filled, or underfilled in other
embodiments (not shown). The embedded SiGe material 102 in the gate electrode
recess 94 (in the first gate stack 61) may also contribute to compressively straining the

pFET channel region 104 of the pFET region 51.

[0030] After forming the SiGe material 102 in the source/drain recesses 96 and the
gate electrode recess 94, as shown in FIG. 10, it is preferable to implant boron ions.
Because the nitride layer 82 is over the nFET region 52, no additiona! masking is
needed for this boron implant step, which is another advantage of the first embodiment.
This boron implant is preferably a light dose to prevent relaxation of the embedded SiGe
materiat 102 in the source/drain recesses 96 (and in the gate electrode recess 94).

Because the embedded SiGe material 102 already includes in-situ boron doping, the
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100341Next, as shown in FIG 15, the third patterned mask |ayer 123 is
renoved (e.g., photoresist strip/clean). Wth the third patterned nmask

| ayer 123 renoved, the internmediate structure of FIG 15 is then anneal ed
(preferable spi ke annealing, but not linmted to, laser annealing and others
are options nay be used as well) to activate the boron doping in the pFET
31 (as discussed regarding FIG 10 above) and to recrystallize the nFET 32
creating tensile strain in the nFET channel region 92 (for SMI) after the
nitride layer 82 is renoved. Although an optional part of the process flow,

the i npl i f th iumpartigles.in.the nFET regi on 52 enhances

t he ;%uﬁ{i*‘ohﬁﬂe%mﬁ%b%%&fégﬁé%sﬁ-Rﬁéewéherag@(;m@gﬁ Ogaﬁ'gsﬁ' R OS5 T

f h d th i t, t jtride | ayer an irst oxide

| oyer 5108 PG doher SRl Hhhere Ne bt asit wil ferom Gren BOBBIPAN. 1 as 16
and 17. 16, and are essenti al Ifér he sane as FIGs. 11 and

h Gs. 1
10 BeallDET AR en PR a8 SR and o naracs fr (B el BRFirade. Mk, 16 and

17 (si i fied drawi,ngs.for jllustratjve purposes). The process and steps
f or ( r eglherpé’r?'h@ﬁ?'?twgd'é'sl 959%\:3%{0 FRE sakeqnngal tgachivaia thegoreryr  t he
second t hod .enbodi nent nmay be the same as those steps described above
r egar di ngPRHI&d0 racysipllireiregiong getting haren Impiantieg.Mng, to PEPagiBReMAreSEIVe ust r at i ve
step for a.third i stratjve, met hod enbaqdi ment of the present invention.
The. t hi r SR ORLEE B‘%ﬁ&h%‘?{ region 104 + s snikgeanneal ik@nraptighal miapiie embodi nent

' t that the gate stacks 61,
or the Sggc%r&ge%etp &?e%?o%déﬂ%g{/ be%)lfnﬁg led ata?1 later stagge in combination with

another heat treatment. Alternatively, the annealing step performed at this stage may

also be used to anneal the nFET region 52 (if not already annealed in a previous step).

[0031] As shown in FIG. 11, a second patterned mask layer 112 is formed over the
PFET region 51 to protect the pFET region 51 during the removal of the nitride layer 82
and the first oxide layer 81 from the nFET region 52. The process and steps used to
remove the nitride layer 82 and the first oxide layer 81 from the nFET region 52 may be
the same as that discussed above regarding FIGs. 7 and 8, for example. In FIG. 12, the
nitride layer 82, the first oxide layer 81(SMT process is simultaneously completed while
the nFETs hard mask is removed), and the second patterned mask layer 112 have been
removed. The steps used o complete the pFET 31 and nFET 32 and to connect them
to other lines and devices subsequent to the structure shown in FIG. 12 (e.g.,
silicidation, contact formation, IMD layers, metallization interconnects, etc.) may include

any suitable conventional or later develop manufacturing processes.

{0032] FIG. 13 shows a simplified schematic of a transistor 120 with Cartesian
coordinates drawn thereon. These Cartesian coordinates (X direction, Y direction, and

Z direction) will be used as reference directions for the following discussion regarding
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62 include different materials initially. In other words, FIG 18 nmay be
substituted for FIG 1 to create a variation on the first and second net hod
enbodi ments. In FIG 18, a polycrystalline silicon |ayer 130 has been
formed on the gate dielectric material 40, and a polycrystalline Si Ge |ayer
132 has been fornmed on the polycrystalline silicon |ayer 130. Al though the
polysilicon layer 130 nmay be any desirable thickness for the third nethod
enbodi ment, preferably, the polysilicon layer 130 is just thick enough to
provi de a uni form and conti nuous coverage of the gate dielectric materi al

o v TS R BT A S R 0
LRt LGOI L ROl e R AL AT RSP s n e (0.0

gate diel ectric nat erieal 40. Al s7p conventional processes already devel oped
and r ef i IMRO¥EGO" NSFRRsedi(fig- REPYIST-2 e morgbusing hatisst dlustrativermethadplr i al 40
may be utilize . provi de _easier_integration into an existing process
f1ow. Th%'qseiﬂat tfﬂ? Tt oq e RRETSY igdrdlsced by dheyafreationpf e grb ‘B%dwi Il have
the poly-Si Ge material 132 on the polysilicon 130 for the initial gate
stack sty lREEalgP2 igthe spyrceldiaipmesessas 961 psembegHon with an@npedlpiesi e 132)
rather than oply polysilicon 41 as showmn in FIG 3. [0037JFIG 19 shows an
|11 ust r allT8 5P @R b  2ghS Ncramselp o PPAYS & 4%t Ho s SEMENES ¥t he
present inventjon. Like the third nethod enbodi nent, the fourth _nethod
enbodi nefftechen inghe pRE T $Aneltheughiiacrepsing tensile staintippodirastion fas RET isecond

met hod enbodi nent , excegt that the gate stacks 61, 62 include different

mat eri al 'é’p'FﬂlytquPF'ﬁb'?’ﬁ DEMEHNh R ingsease g, using tha firsh Blustiaiyeiembodimendef FI G 1
to create a variation on the first and second nethod enbodi nents. In FIG
19, a poTKpsr Vdeds negqigivts aad prapably wibna{ afeglqarformanaedn aistbstental wigyt he gat e
dielectric material 40. The result is that the first and second gate
stacks d1enggpthgiimpraygent efdhe gpmprsseixe sisaiarn te X directing farithe pFERBE el ect r ode
material 41 in the initial gate stack structures, rather than only

pol ysi | i ¥¥HOubsptialyiatweigh any neqligibta effrgtedug o g slight inpreasedyes of usi ng
SiGe for the first gate electrode material and for using SiGe in the first
gate st dersigstigin ip e Ydirecton forthe PREY He real i zed. The poly-Si Ge 132 fornmed
in F1Gs. 18 or 19 may be doped in-situ wth boron (pre-doped) as the Si Ge

i's fornmggesspol yF@s,Ge4m&t§ﬁbiuadon&eimﬁn%kibé/sﬂéﬁ§f& dYBBRd illGSFAR8dtibd evel for
boron than polysilicon, which allows for higher boron doping

concent rehbadifentldf ¢lesrebait Mvedii. "thd Sodoh8 ntth@Y ShBsdimeRAEmARbEHeAl provi des
nore conductivity and | ower resistance (nore simlar to nmetal), which are

benef i cigdmd &4 tha ﬁgamtﬁ&@eﬁ]b@menﬁof@.e iR s MUAM BB cAEsdBoNg Si Ce

material in the gate el ectrode(s) of the pFET and/or nFET is that the

MOSFET n,ﬁﬂmﬁ_arraQQ&Fic;s.qnhﬁrﬁasnia Ag8AUSIFNG. PR larteiRBISHbE Alt&d 963 & (PDE)
(due to the higher dopant solubility of SiGe). The use of SIGe Iin the gate

el ect r 0Ggfngad iRfthd SSurb&iBrhirffee esTotahd Y galsSedtitRb P sh 22 o?[ﬂélﬁﬁETOf strain

i nduced on the channel region(s). For exanple, using S or the gate

el ect 1 04egiBRGE! 4 afkr tﬁé@doﬁmngoreaﬁrﬁpnéﬁm‘(ﬁﬁh@_ae Fa ti8 pafbrhedsuaggy 1 mprove

the conpressive strain in the Y direction Ich is nost sensitive for an

nFET) (ﬂﬁyﬁrﬁb@(e.éﬁpﬁ@lbré#s&)ﬁﬂ‘dr%d&c??r%"sﬁm@%FEﬁ o r,g%@ﬁmnﬁ ARl | er

Young' s nodul us an polysilicon (i.e., polyS G atively nor e ductile
than polyyih HeGRT reﬁoﬁ%ﬂs?ﬁé?@é&t?fthfa%ircf RIS hhédagdr @3NpAdicibl §reC hannel
regions of the tranSistors than ‘polysilicon.

implanted into the nFET region 52 to make at least part of the source/drain regions 72

amorphous at the nFET region 52. These particles may be any suitable particles,

preferably heavy particles capable of amorphizing (breaking bonds and lattice structures
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100391Furt hernore, the use of enbedded SiGe 102 in the pFET 31 of an

enbodi nent may allow for Vt tuning (by Ge concentration control in SiGe
gate el ectrode). An advantage of the first, second, and third enbodi nents
is that the SiGe can be grown on the polysilicon. It is sonetines difficult
to grow poly-Si Ge on anorphous gate dielectric material. Note also that an
enbodi nent of the present invention allows the nitride |ayer 82 to be used
to mask and protect the nFET region 52 during gromh of the SiGe nateri al
102 (FIG 10) while also being used to induce strain on the nFET channel

region 92 (for. SMI). Furthernore, by elinmnating the need for a nitride cap
| ayer on°§‘ﬁaswﬁ‘é‘%§%9%teeqt'%§ﬁ°5§&8@ thesouggeedrat regigns 5§Pf§‘?)}": fre\re8i8NiSepr oved.

100401FI Gs, ,20- show,s illustrative steps for a fifth illustrative

met hod e%@&i”%ﬁ'ﬂtWﬁ?‘ﬁ%‘fﬁé%ﬁ‘?aq'méﬁ‘?&ﬁmgﬂ% sfliceq.(or ethbdtieRthodi ment may
be the sane the first, second, third, or fourth nethod enbodi nents

di scusseﬁ’eé‘l?gégf XISy }"tﬁharte e useoh the sasong Jsthasherpladimentagergyanify st eps

associ at ed gith éFe etch stop | ayer 81 may be deleted. Although it is

pref er r egfe¥ §e 95 dhis aRIRrRAIERY MRl lenexamplescussed above regarding the
first enbodinent, it is possible to alter the first, second, third, or

fourth nmobgd enertliag®RbEN IOFI@MBOtheNGIrdiSatephed Masickgdr 2B0rdanRl 81. The
fifth net hod enbodi nent may be the sane as the first, second, third, or

fourth ngidipshotsresigi staptRahPRrWithehe third patterfib® Riask QW 2NEnibiveg ussed above
with regards to FIGs. 1-10 (or 18 to 2- 10, or 1910 2-10). Referring again

to FI G ihtarmaliia®y stlrtre 5f AIK 31564 tHed anhalb® (dre@radlél spikeasRANKy, ik hoct ur es
64, 74 are forned, the tensile-stress-inducing mask |ayer 82 is formed on

over t helmigsd Bhiager dnmehling artothers dréBptidristriayepdosidamn el As aghawihen FI G
21, the nFET region 52 is nmasked (e.g., patterned photoresist) while the

t ensi | e- BarbR 96hiAG UCThBDHFEESK (ad¥RicuSeldi régar@ig\ad. 16 apavey8nd®kET regi on 51
(conpare to FIG 7 of the first enbodi nent). Then the process fl ow nay

cont i nuereatysfalize tfe APET BRRrddtihg ferRI®SRkiARhe AFEIT NahWegibMe2 8ESRIT) t he

etch stop layer 81 shown in FI 8. During certain steps, the etching

chem cal stterefieHitrideg 1BYep 825S rentivel. RHABUGHOSH stlonalFarBdindprobbgsoue arrbi ned,
may need to be altered to prevent overetching or damage to the underlying
implanting of the germanium particles in the nFET region 52 enhances the amount of

strain induced on the nFET 32 (for better SMT).

[0035] Next for the second method embodiment, the nitride layer 82 and first oxide
layer 81 are removed from the nFET region 52, as illustrated in FIGs. 16 and 17. Note
that FIGs. 16 and 17 are essentially the same as FIGs. 11 and 12, because the
implanted germanium particles are not shown in FIGs. 16 and 17 (simplified drawings
for illustrative purposes). The process and steps for removing the nitride layer 82 and
the first oxide layer 81 for the second method embodiment may be the same as those

steps described above regarding FIGs. 11 and 12, for example.

[0036] FIG. 18 shows an illustrative step for a third illustrative method embodiment
of the present invention. The third method embodiment may be the same as the first

method embodiment or the second method embodiment, except that the gate stacks 61,
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structures while etching or patterning the tensile-stress-inducing mask

| ayer 82 The use of the etch stop layer 81 as illustrated in the first,
second, third, and fourth enbodinents will likely be preferred to provide a
better etch control. 100411In the enbodi ments di scussed above, although the
gate dielectric material 40 is shown as being the sane for the pFET 31 and
the nFET 32 (which will often be fine), the gate dielectric material 40 may
differ in material and/or structure (e.g., nultiple layers, |ayer

t hi ckness, EOT, etc.) for the pFET 31 and the nFET 32, w thout departing

fromthe,_sco f. th esent..inventjon as, defined by the ended cl ai ns.
00401 T2 BbteHeirCBleaiabant oleruprse S orunaY he SRR bey ond

t echnol cause strai.n in nFETs and pFETs is, an ipportant _factor. The
oo eS| G CERATLA AI00 8 PRIt Al SSSRBR ISt SmesRouo BhF Cof By e
present invention np ddr former_issues in attenpting tq inplenment SiGe
and pr oRAYeRSiaingssi| n?ﬁl{@fiﬁ‘ihﬁ%Pe%f@rraﬁfg%ﬁh%%ep%@%@t@aéﬂ 4hard al so
reduci ng P[?E and possibly providing nore ability to tune the gate el ectrode
in conj heRYSKSTlinHSIGeIaky Uk s RN fargied s the polveryiafing gilican Byer3] Al t hough
enbodi ments of the present invention and at |east sonme of its advantages
have beeltOdediEprgetieinelygiicen layer 130sRaYiPe 2Bk daviblesihisstessrar the hiidous

changes, substitutions, and alterations can be nade herein w thout

depar t i (Bethpd #Mbadimest preferably. egpatysilicon layer hikisdus thigsenpuoh iR arayidet he

appended cl ai ns. Moreover, the scoRe of the present agpl ication is not
i nt ended uniform and continuous coverage of the gate dielectric material 40. An advantage of

using a thin layer of polysilicon 130 sandwiched between the poly-SiGe material 132
and the gate dielectric material 40 is that it aliows the poly-SiGe material 132 to be more
easily grown (e.g., using epitaxial growth) on the polysilicon 130 rather than directly on
the gate dielectric material 40. Also, conventional processes already developed and
refined for depositing polysilicon 130 on gate dielectric material 40 may be utilized to
provide easier integration into an existing process flow. The result is that the first and
second gate stacks 61, 62 will have the poly-SiGe material 132 on the polysiticon 130
for the initial gate stack structures 61, 62 (not shown with polysilicon 130 and poly-SiGe

132), rather than only polysilicon 41 as shown in FIG. 3.

[0037] FIG. 19 shows an illustrative step for a fourth illustrative method embodiment
of the present invention. Like the third method embodiment, the fourth method
embodiment may be the same as the first method embodiment or the second method
embodiment, except that the gate stacks 61, 62 include different materials initially. In
other words, FIG. 19 may be substituted for FIG. 1 to create a variation on the first and
second method embodiments. In FIG. 19, a polycrystalline SiGe layer 132 has been

formed directly on the gate dielectric material 40. The result is that the first and second
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to be limted to the particul ar enbodi nents of the process, machine,

manuf acture, conposition of matter, neans, nethods, and steps described in
the specification (Le., SiC for nFETs can be used sinmlar process schene as
Si Ge for pFETs for both gate and S/D areas; gate electrode in Fig. 18 can
be nulti-layers, such as poly St/SiC/Si). As one of ordinary skill in the
art will readily appreciate fromthe di sclosure of the present invention,
processes, nachi nes, manufacture, conpositions'ter, nmeans, methods, or
steps, preseut]y existing or later to be devel oped, that perfont

substanti al | |t(he sanme_function or achieve substantially the sane result as
the cor redp stk b BrvRineLole3iGe maeriAldpetha fird gatselegtiode reaterial cor di ng
to the present invention. Accordingly, the appended clains are intended to
i ncl ude 4 M’ﬂ%'m%s@t%aﬂ'sét@%n%F@?S%’é%%?nlyraelwm, aspgeunde £l
conpositions of matter, neans, nethods, or steps. WHAT IS CLAIMED I S: 1.

A seni copgsggt or _Tﬁé}*éi&@s@@?ﬂ-ddvﬁhtﬁ@e@oﬂﬁir}g&@id@fé} Wetifdtdale dit@makst or (pFET)
and an n-type field effect transistor (nFET), wherein the OIT conprises: an

enbeddedm el &ﬁl_tfbﬁ@éi&{ 8iGt i EfidsBhatB ARG 110R t Eesfiat fajygeesses at
source/drain regions of a substrate for the pFET; a fitst gate stack

conpri si g0, SHIGRHESCSI 132 IR RlFCL! A& T8h8y babopddf-RThmidRmS Ce gate

el ectrode material being a sanme material as the enbedded Si Ge source/drain

mat eri al (préddBedy asid SiGeay Rirmdls maﬁgli@ér}g@t@raéu%nemwsgg highee el ectrode

material of the first gate stack; and a first 'spacer structure extending

al ong siggvalidble0dl féMoréh thah p@»ﬂ}sfﬁcér}i,%h ﬁtaoblsw&eﬁ@hé‘r boRsh dpingT conprises: a

second gate stack conprising the poly-S i Ge |ayer di sposed over the

subst r at @ncamfhtdns EARYAEr BRBR Bbpidk it HeWate SXERSHY MateRbIMSviddtawrd | s of the

second gate stack.
conductivity and lower resistance (more similar to metal), which are beneficial for a gate
electrode. Also, another advantage of having SiGe material in the gate electrode(s) of
the pFET and/or nFET is that the MOSFET performance is enhanced by reducing poly
depletion effects (PDE) (due to the higher dopant solubility of SiGe). The use of SiGe in
the gate electrode(s) of the pFET and/or nFET may also improve the amount of strain
induced on the channel region(s). For example, using SiGe for the gate electrode
material of the second gate stack 62 of the nFET 32 may improve the compressive
strain in the Y direction (which is most sensitive for an nFET) (see FIG. 13 for direction
reference). Because SiGe has a smaller Young's modulus than polysilicon (i.e., poly-

SiGe is relatively more ductile than polysilicon), SiGe is better for transferring strain to

the channel regions of the transistors than polysilicon.

[0039] Furthermore, the use of embedded SiGe 102 in the pFET 31 of an
embodiment may allow for V; tuning (by Ge concentration control in SiGe gate
electrode). An advantage of the first, second, and third embodiments is that the SiGe

can be grown on the polysilicon. It is sometimes difficult to grow poly-SiGe on
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2. The sem conductor device of claiml, wherein the first gate stack
further conprises a first gate stack material fornmed on a gate dielectric
material, wherein the enbedded Si Ge gate el ectrode material is grown on the
first gate stack material, and wherein the enbedded Si Ge gate el ectrode
material is thicker than the first gate stack material. 3. The

sem conduct or device of elae first spacer structure conprises. an oxide
spacer extending along the sidewalls of the first gate stack; an oxide

| ayer fanned on the substrate adjacent to the oxide spacer; and a nitride
spacer formed on the oxide |ayer and extending along sidewalls of the oxide
spacer, aWIRheusgate Hislesiricaaatefiale dYote glsp deateaemiwdine of He resefd gate stack
and the nitride spacer and such that the oxide |ayer is |ocated between the
ni tri de iRyantien algys theaitddelsyernidto bequserHe maskiand miteetdre 0ERT cdi®@f 521 aim |,
further conprising a poly- icon |ayer di sposed under the poly-Si Ge | ayer of
t he secdlwingarawtsohtie SiGs matedal d8(EéhdOrwbite dew beiag ved taainduce, stigiter ei n t he
poly-Si Ge |layer of the first gate stack conprises a first portion of a

bl anket qecdhg nBEGehpaneliiregiqme? BonSkile puntherspes by glieinating theenesddoral gat e
stack conprises a second portion of the bl anket poi y-SiGe layer. 6. The
seni conditgde caplByeten e pHEd gats electrodedhe Bimporitroilahjlity mayi be-igiprdvedn | ayer

di sposed underpoly-Si Ge |ayer of the first gate stack.

[0040] FIGs. 20-21 show some illustrative steps for a fifth illustrative method

embodiment of the present invention. The fifth method embodiment may be the same
as the first, second, third, or fourth method embodiments discussed above, except that
the etch stop layer 81 (see FIG. 6) and steps associated with the etch stop layer 81 may
be deleted. Although itis preferred to use the etch stop layer 81 as discussed above
regarding the first embodiment, it is possible to alter the first, second, third, or fourth
method embodiments to forgo the use of the etch stop layer 81. The fifth method
embodiment may be the same as the first, second, third, or fourth method embodiments
for the initial steps shown and discussed above with regards to FIGs. 1-10 (or 18 to 2-
10, or 19 to 2-10). Referring again to FIG. 10, after gate stacks 61, 62 are formed and
the spacer structures 64, 74 are formed, the tensile-stress-inducing mask layer 82 is
formed on over them as shown in FIG. 20 for the fifth embodiment. As shown in FIG.
21, the nFET region 52 is masked (e.g., pattemed photoresist) while the tensile-stress-
inducing mask layer 82 is removed from the pFET region 51 (compare to FIG. 7 of the
first embodiment). Then the process flow may continue at FIG. 8 for the fifth
embodiment, but without the use of the etch stop layer 81 shown in FIG. 8. During
certain steps, the etching chemicals, etching process, etch stop control, or any of these

combined, may need to be altered to prevent overetching or damage to the underlying
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7. A sem conductor device, conprising: a p-type field effect transistor
(pFET) conprising an enbedded Si Ge source/drain material foamed in
source/drain recesses at source/drain regions of a substrate for the pFET
a first gate stack conprising a gate dielectric material disposed on the
substrate, a poly-Si Ge | ayer di sposed over the gate dielectric material,
and an enbedded Si Ge el ectrode material disposed on tile poly-Si Ge |ayer,

t he enbedded Si Ge el ectrode nmaterial being a sane material as the enbedded
Si Ge source/drain material, and a first spacer structure extendi ng al ong
sidewal I s of the first_gate stack; and an n-type field effect transistor
(ri FET) $iRieiures whie eichind o5 patteraingdha innstiesplapssrindycing mask layer 82 EvauseT f or ned
by diffused dopants in the substrate, a second gate stack conprising the
gate di ePidbe picd sier lByerd! Iovrt@teshintpr finst iseeqnsk gvrdt ard fourty egibadimegieer

di sposed gver the gate dielectric material, and a second spacer structure
ext endi n‘ﬁ'"éﬁk@ﬁ@eﬁ%éwe%q rroyfe aretiseelshgondle st ack. 8. The seni conduct or
device of claim7, further conprising a paly-silicon |ayer disposed under

the pol ypbiffe | ayele dMbddifierdts Habusied dbbge SMhBih Bal@tsdiaeksic ntatdif

sem conductor device of claim7, wherein the first spacer structure

CONpri ses) isahoidHehRARE caMs FEMHE REERIZANIURE nBETSYQYhish il b dd St gate
stack; an oxide |ayer fanned on the substrate adjacent to the oxi de spacer;

and a nifirid) dfe JARCAEICEAB RRfleril 40 Ay Ui en ha¥Sial afoctiensé f&g.?h\%ﬂ@lee 3

si dewal | s of the oxide spacer, such that the oxide spacer i's”loca _
bet ween juf&sf |byértthiafeﬁés,5|§@¢!<ete!7%rtth@pF'E’r%H%dﬁilgélﬁﬁﬁ Qﬁgm&&b%hdé&?ﬂlng h$h0><' de
: e

| ayer is [ocated between the nitride spacer and the substrate.

sem condsh Me SRR tH presdHt v Ptileﬁ’é §fimekilty (RESEKhdBRRRRhs ST T UCtUre is

substantially identical to the first spacer “structure. 11. A sem conductor
devi ce conPri sing: source/drain regions for a p--type field etThet
transi sti§pP 2(]pFE#‘WPWSWS@%E%WW%’&W@@f@F'h‘i‘%"%ﬁ'@rtiedpn‘iji sposed in
source/drain recesses. of a substrate; a first gate stack_di sposed between
the sour@eMpiegyPacayssiEain Ky nkils aoepi Eksis anjimpertagtfactart I6R conprising; a
first gate dielectric |ayer disposed o.n the substrate, and an enbedded
Si Ge el edPbstivenigdescrifiedAhone and othee pmbRdimentssinobshowny pEthedaresedt | ayer, the
enbedded Si Ge el ectrode material being a sane material as the enbedded Si Ge
sour ce/ dP¥RMRioMayrJddressforpgnjssgesin atigraptingite ipalemenhiSe anderreptiedded Si Ge
el ectrode nmaterial of the first

strains in the channel regions of the transistors, while also reducing PDE and possibly

providing more ability to tune the gate electrode in conjunction with the soure/drain

regions for V, tuning.

[0043] Although embodiments of the present invention and at least some of its advantages
have been described in detail, it should be understood that various changes, substitutions, and
alterations can be made herein without departing from the spirit and scope of the invention as
defined by the appended claims. Moreover, the scope of the present application is not intended
to be limited to the particular embodiments of the process, machine, manufacture, composition of
matter, means, methods, and steps described in the specification (i.e., SiC for nFETSs can be
used similar process scheme as SiGe for pFETSs for both gate and S/D areas; gate

electrode in Fig. 18 can be multi-layers, such as poly Si/SiC/Si). As one of ordinary skill
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gate stack; a first spacer structure extendingg sidewalls of the first gate
stack; source/drain regions for an n-type field effect transistor (nFET)

di sposed in the substrate; a second gate stack di sposed between the
so-ureal/drain regions for the nETT, the second gate stack conprising; a
second gate dielectric |ayer disposed on the substrate, and the poly-Si Ge

| ayer di sposed over the second gate dielectric |layer; and a second spacer
structure extending along sidewalls of the second gate stack. The
sem conduct or device of claim11l, further conprising a poly-silicon |ayer

di sposed, under the y-Si Ge layer of the second gate stack. 13. The

sem condiidhort HdhE YGPPTE‘}“’A? FFP‘Mhe disioswr Qf thr arepast S}‘S?‘@@n’lpé?fé?se%f the first
gate stack conprises a first portion of a blanket poly-Si Ge | ayer, wherein
the pol ymS?}H?S’I mdpefaciyre, eiaposiserTRS myteremeang cRethestr SieRs Presly HEMBSF t i on of

t he bl anket p Si Ge | ayer 14. The sem conductor device of claim13,
further egflvﬁmdﬁmtwé@m wbyantialsethe samsfyacdign arasaieve whstysially Bece | ayer
of the flrst gate stack. 15. The sem conductor device of claim1ll, wherein
the. firsimegpultan ke serespridipgcabadisrats descrbaddpmignayrts ugilizdiassnrdiag foyhe

i dentical .
present invention. Accordingly, the appended claims are intended to include within their scope

such processes, machines, manufacture, compositions of matter, means, methods, or steps.
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16. The sem conductor device of claim1l, wherein the first spacer
structure conprises; a first oxide spacer extending along the sidewalls of
the first gate stack; a first oxide layer forned on the substrate adjacent
to the first oxide spacer; and a first nitride spacer forned on the first
oxi de layer and extendi ng al ong sidewal k of the first oxide spacer, such
that t hWHATIS (HAIMERPScer is | ocated between the first gate stack and the
first nitride spacer and such that the first oxide |layer is |ocated between
the first nitride spacer and the substrate. The sem conduct or device

of claim 16, AWagk&ntuétbed&esaithiRakel p-SipeUldldéfedt ORI HSLHFET) spCang- oxi de
spacer extendlngﬁalong the sidewalls of the second gate stack; a second

oxijde | tpe fiefdunftastitransistiord nEB DS twherein the pfddneomprisenansatwddedbRiCee spacer ;
tri Ot - ' q
and a S?oglg& (?rEfnorglétgﬁalsf&qﬁgJ 1(111 sggl({zggregg réc@?seﬁ gg&ﬂgﬁeﬁdaf"iuq??ég%%f aasg'lgst?ef{é endi ng

al ong si e secon acer, such second oxlI de

spacer fos theosFRB G fhet geestatiheony@tithgatiseddbd SiGagule tloetraizanaterialj thei de
spacer and such that the second .oxide |ayer is |ocated between the second
nitri deergbtg@éﬁi Si{peigetp slestjpda mategal being a same material as the embedded SiGe

source/drain material; a poly-SiGe layer disposed under the embedded SiGe electrode
material of the first gate stack; and a first spacer structure extending along sidewalls of the
first gate stack, and wherein the nFET comprises: a second gate stack comprising the poly-
SiGe layer disposed over the substrate, and a second spacer structure extending along

sidewalls of the second gate stack.

2. The semiconductor device of claim 1, wherein the first gate stack further comprises a
first gate stack material formed on a gate dielectric material, wherein the embedded SiGe gate
electrode material is grown on the first gate stack material, and wherein the embedded SiGe

gate electrode material is thicker than the first gate stack material.

3. The semiconductor device of claim 1, wherein the first spacer structure comprises: an
oxide spacer extending along the sidewalls of the first gate stack; an oxide layer formed on
the substrate adjacent to the oxide spacer; and a nitride spacer formed on the oxide layer and
extending along sidewalls of the oxide spacer, such that the oxide spacer is located between
the first gate stack and the nitride spacer and such that the oxide layer is located between the

nitride spacer and the substrate.

4. The semiconductor device of claim 1, further comprising a poly-silicon layer disposed

under the poly-SiGe layer of the second gate stack.

5. The semiconductor device of claim 1, wherein the poly-SiGe layer of the first gate
stack comprises a first portion of a blanket poly-SiGe layer, wherein the poly-SiGe layer of
the second gate stack comprises a second portion of the blanket poly-SiGe layer.

6. The semiconductor device of claim 5, further comprising a poly-silicon layer disposed

under the poly-SiGe layer of the first gate stack.
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7. A semiconductor device, comprising: a p-type field effect transistor (pFET)
comprising an embedded SiGe source/drain material foamed in source/drain recesses at
source/drain regions of a substrate for the pFET, a first gate stack comprising a gate dielectric
material disposed on the substrate, a poly-SiGe layer disposed over the gate dielectric
material, and an embedded SiGe electrode material disposed on the poly-SiGe layer, the
embedded SiGe electrode material being a same material as the embedded SiGe source/drain
material, and a first spacer structure extending along sidewalls of the first gate stack; and an
n-type field effect transistor (nFET) nFET transistor comprising source/drain regions for the
nFET formed by diffused dopants in the substrate, a second gate stack comprising the gate
dielectric material formed on the substrate, the poly-SiGe layer disposed over the gate
dielectric material, and a second spacer structure extending along sidewalls of the second gate

stack.

8. The semiconductor device of claim 7, further comprising a poly-silicon layer disposed

under the poly-SiGe layer of the first and the second gate stacks.

9. The semiconductor device of claim 7, wherein the first spacer structure comprises: an
oxide spacer extending along the sidewalls of the first gate stack; an oxide layer formed on
the substrate adjacent to the oxide spacer; and a nitride spacer formed on the oxide layer and
extending along sidewalls of the oxide spacer, such that the oxide spacer is located between
the first gate stack and the nitride spacer and such that the oxide layer is located between the

nitride spacer and the substrate.

10.  The semiconductor device of claim 7, wherein the second spacer structure is

substantially identical to the first spacer structure.

11. A semiconductor device comprising: source/drain regions for a p-type field effect
transistor (pFET) having an embedded SiGe source/drain material disposed in source/drain
recesses of a substrate; a first gate stack disposed between the source/drain regions for the
pFET, the first gate stack comprising: a first gate dielectric layer disposed on the substrate,
and an embedded SiGe electrode material disposed over the first gate dielectric layer, the
embedded SiGe electrode material being a same material as the embedded SiGe source/drain

material; a poly-SiGe layer disposed under the embedded SiGe electrode material of the first
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gate stack; a first spacer structure extending along sidewalls of the first gate stack;
source/drain regions for an n-type field effect transistor (nFET) disposed in the substrate; a
second gate stack disposed between the source/drain regions for the nFET, the second gate
stack comprising: a second gate dielectric layer disposed on the substrate, and the poly-SiGe
layer disposed over the second gate dielectric layer; and a second spacer structure extending

along sidewalls of the second gate stack.

12. The semiconductor device of claim 11, further comprising a poly-silicon layer

disposed under the poly-SiGe layer of the second gate stack.

13. The semiconductor device of claim 11, wherein the poly-SiGe layer of the first gate
stack comprises a first portion of a blanket poly-SiGe layer, wherein the poly-SiGe layer of
the second gate stack comprises a second portion of the blanket poly-SiGe layer.

14. The semiconductor device of claim 13, further comprising a poly-silicon layer

disposed under the poly-SiGe layer of the first gate stack.

15.  The semiconductor device of claim 11, wherein the first and the second gate dielectric

layers are substantially identical.

16.  The semiconductor device of claim 11, wherein the first spacer structure comprises: a
first oxide spacer extending along the sidewalls of the first gate stack; a first oxide layer
formed on the substrate adjacent to the first oxide spacer; and a first nitride spacer formed on
the first oxide layer and extending along sidewalls of the first oxide spacer, such that the first
oxide spacer is located between the first gate stack and the first nitride spacer and such that

the first oxide layer is located between the first nitride spacer and the substrate.

17.  The semiconductor device of claim 16, wherein the second spacer structure comprises:
a second oxide spacer extending along the sidewalls of the second gate stack; a second oxide
layer formed on the substrate adjacent to the second oxide spacer; and a second nitride spacer
formed on the second oxide layer and extending along sidewalls of the second oxide spacer,
such that the second oxide spacer is located between the second gate stack and the second
nitride spacer and such that the second oxide layer is located between the second nitride

spacer and the substrate.
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