Sem conduct or Devi ces Having pFET with SiGe Gate
El ectrode and Enbedded Si Ge Source/Drai n Regi ons and
Met hods of Making the Sane TECHNI CAL FI ELD [ 0001] The
present invention generally relates to the
manuf acturing of sem conductor devices. |In one aspect
it relates nore particularly to the manufacturing of
sem conduct or_deyi ces.  having a pFET with a_silicon
Semicandustos Reyicas Having pRET with $iGedaate Slestrode
and sibed dedi $iGe $aurce/DrainrReyionst@ad|Methpds of Making
sem conduct or devi ces, tRac8apge eNory devices, utilize
both n-type field effect transistors (nFETs) and
-type field effect transistors (pFETs). One exanple
TECHI\EQ’% Fﬂgh@ry devi ce that uses both nFETs and pFETs is a
static random access nenory (SRAM device. A typical
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onponents and portions of sem conductor devices are
electrocg%ﬁpgﬁqugeg@é@ SgHEeLHalRFIONBhi s | ncreases devi ce.
speeds and allows for snaller integrated circuit chips
to be produced. It also allows for nore devices and

BACKGR@WNRI t i pl e systens to be placed on each chip. In
turn, this allows consuner products and ot her

[0002] AYUBATF LM QnBECERIEiIESRIduh as! RS de i, Yffizd B 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 nFETs.

[6003] 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 smaller 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



power ful than previous products. It also allows for
nore features and functionality to be 1 included in a
single product (e.g., cell phones with caneras and
massi ve storage for information, nusic, inmages, and
vi deos). [0004] Si Ge has been known as a very

prom sing material for scaled dowmm CMOS technol ogy.

] nbedded Si has bee uccessfully integrated in
included A ?ﬁr$4%§-an§eﬁ@?l°ﬂ%w§f1§@ aggnd Massigrorage for
) enhance the performance of devices, the devices based
informadien, Bsie. IDAGRHENHA4IaNsdn nass- producti ve. However,
integrating nore stressor conponents together such as
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al so reducing, the conp|exity of manufacturing. .

of tran iy et SET9TS P AR N REHO Ao vkas Nepvices based on
efficiency, device reliability, and production yield.

such concept R Ry¥cMassEPPANEivEl dlpyw@ETsintagiabnaBOPIERSSAT t h
one aspect of the present invention, a nethod of

componets iegethessirmdhcamBtiesoiMedwry dechsolpgy (BMeéjifor AES s and Dual
nmet hod i ncludes the follow ng steps described in this

Stress haeag) (BPID) fol bethopETs afid hRETS haps beey challehgimpyHbace, there is
sequential, nmay overlap, my be in parallel, and

a needaefind MW Wags tdiREeRbrate ISiGetin®BthRsHtGestRicRires wild Alsst
gate stack 1s formed on a substrate at a pFEI region.
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material” overlying a gate dielectric nateria

manuf&&G A efdkhicy (Rite rRiiability, and production yield.



formed on the substrate at an nFET regi on. Spacer
structures are fornmed and ions are inplanted into the
source/drain regions of the substrate at the nFET and
pPFET regions. A tensile-stress-inducing mask |ayer is
formed over the substrate, the spacer structures, and
the gate stacks. The tensil e-stress-induci ng mask

| ayer is renoved fromthe pFET region, while

SUMMARKeOPITRE INNERNTIGSK oxi de T ayer over the nFET region
using a first patterned mask |ayer. The source/drain

regions of the substrate are etched at the pFET region
[0005] andntdosotdanse vt eneaspaat otitherpresentdnvartionha nfdtihed of making
gate stack is etched at the pFET region. The etching
a semicandattdr éasicepaptovidddy Bias ewdthotkingfaiesthe ellohinpstepe
tensil e-stress-inducing mask |ayer so that the nFET

describedgh gis Faréijﬁa;ﬁi .0%he ofdWt Jf it StepH MY vty ahal @@%bquentlal may
e

parti al sel ective against etching materials of th

overlap: Re ﬁlt patadlr &@%ohB%aﬂ&EsTtHe?&ifoﬁ n%PoﬁﬁnBﬂ%lsé Reated. f\ first

spacer structure of the pFET region at |east partiall

gate sté@{‘%!fgﬁne ﬂg’%%‘?/bg{rglen?t daeﬁle@? ?%%oﬁ‘r ?hggﬁ{@%t@&gEF dludes a

e source/drainr
t e pFET rt o e, first .
first gafl elbtostimiar il Pfing b st diieBic meleckl i sgeshe fiatesiack is
t te stackt orma gate el ectrode reces
formed@ég‘ r?g‘géV?tSI atjag ‘? lon. pg%‘é‘%f SUFTUGS afs oaR ft% 3@1“9‘ lons are
gr owt h?j in the source/drain recesses and in the ‘g_ate .
lmplan@ﬂéetprt geoufceldiain rgpiongof Yreesubsdgite at theREgbawd prRT regions.
accordance with another aspect of the present
A tensilenstegsisiiogiycing swrskdayatus faomeddwer e substats, dge apadeE Btructures,
transi stor is provided. The pFET transistor includes

and thegateestinekad theSetsilsstesseihducing megkdayer is ranowst from the pFET
source/drain recesses at source/drain regions of a

region,SHhRtreglising e filkeoRiib Tayer 208 SleTFET Peyigtr&ding laamst fdt®imed
al so includes a first
mask layer. The source/drain regions of the substrate are etched at the pFET region
and the first gate electrode material of the first gate stack is etched at the pFET region.
The etching is at ieast partially selective against etching the tensile-stress-inducing
mask layer so that the nFET region is shielded, and the efching 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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gate stack wth an enbedded Si Ge gate el ectrode

material, where the enbedded Si Ge gate el ectrode

material is a sane material as the enbedded Si Ge

source/drain material because the enbedded Si Ge gate

el ectrode material and the enbedded Si Ge source/drain

materi al were grown during a sane processing step, the

crystalllnltyrra di ffer though due to the different
[0006] ¢ eai’h?‘éc%‘#a'iqf?e‘”'dhaﬁ?ﬁhﬁyéW%Pé edprespiidrvention, rsegrieansiuctor

on. A spacer structure extends along sidewalls of the
devicefinglyding gt pi-Esk Hiarsistonés providedgdthe pFt titransiator inaludesran

include a first gate stack material formed on a gate
embeddied| SiGersoaroeddraim miateriahformeidnin sbercerdrethdede Sdseatgaiece/drain

el ectrode material is grown on the first gate stack

regiongTef &sLbstrataier th @FREMiramesten TR 99E$Itﬁé?lsﬁi&§real§é fRiUdRE R first

material is thicker than the first gate stack

gate staBk Yith&n erﬁB@dcﬁ?ﬁS%a §hteféitfRi 3’1‘% ehige 'M%‘?ﬁ tl?e?e%bg@ed SiGe

spacer extending alonhg the si

gate eiggfrggée m%ﬁ%ﬁ%ai E%ﬂa %h%ce[ggfs@ég[:aeér ﬁ{er@rgbgéhéc{] dircgfd?aln material

e OXI spac
d
vecause RRIPRIASRE S eBBdionBapae A hibrihaibd Sige
s, |ocated between the first gate stack and
Source?ﬁfr@' oler gLWETR GBI AHIING, 2 R AOSSRSTRAS AR, thgyaystallinity may

ocat ed between the nitride spacer and the substrate.
differ t'p@mtvquerwethe&lféqg@nmamg obthe ynsieglayer materist whighySiGe is grown

features of the present invention in order that the

on. A gpacgrisucies extepds alongfsidéwalisroféine fitst gateastatkl Thedirstggate
be better understood. Additional features and

stack ragly Aumtheg éslale 4 fisst gateesthclomateéridl fdrenediase s igaesldielectric material,
hereinafter which formthe subject of the clains of

whereih e embRAtE® BiGE GathlebiodenataiiLgiodinash e ﬂrBP@e stack
skilled in the art that the conception and speci

materi@TBRE WFRREin 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. It should be



di scl osed may be readily utilized as a basis for
nodi fyi ng 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 equival ent constructions
do not depart fromthe spirit and scope of the
i nvention as set forth in the appended clains. -5
apprecigted by Hresersiltmddn tog antiiraiDhasonespticrows) spenific enbedimeyt
is a brief description of the draw ngs, which
disclosed|roay batreadilyatifired gs adrstsdiomeridifyiof) dridesjgnixpather structures
invention and in which: [0009] FIGs. 1-12 show sone
or prodeisbess foratarryimgsiugt fise sdme durpedesi dflties predenvimiveriidrodit should also
enbodi nent of the present invention; 100101 FIG 13

be realfzeMsy thosk RRilibd irPtheSArh@IRELEH Bfuitalbh88s stiuetiond 85 not depart
Cartesi an coordi nates drawn thereon; 100111 FI Gs.

from tl'ni%ﬁp]rﬂt aﬂ?noé’&ogg'ﬁ? tihd InShi oéé’ Eétslioﬁg?n Etﬂ%ﬁpfeﬁ‘fb‘éﬁdclaims.

ustrative nmethod e I men resent
invention; [0012] FIG 18 shows an illustrative step
for athird illustrative nmethod enbodi nent of the
present invention; [0013] FIG 19 shows an
illustrative step for a fourth illustrative nethod
enbodi nrent of the present invention; and [0014] FI Gs.
20-21 show sone illustrative steps for a fifth

illustrative nethod enbodinent of the present
i nvention. -6



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
[0015] Referring nowto the drawi ngs, wherein |ike
reference nunbers are used herein to designate |ike
or simlar elenents throughout the various views,
illustrative enbodinents of the present invention are
shown and descri bed. The figures are not necessarily
: drawn to scale, and in sone instances the draw ngs
BRIEFIRSCRASIGN FOPHBIH aAGPr simplified in pl aces for
[ustrative purposes only. One of ordinary skill in
the art w | appreciate the nmany possible
[0008] applThe follayvisg énal briefr descriptien of theizawings ewbichiliustrateaexemplary
based on the following illustrative enbodi nents of the
embodimestsrdf theprssehbimveht@hleld epkical | y, an enbodi nent of
the present i nvention provides a sem conductor device

e NnFETs ere the pFETs have a
00091 &} B 612 Rbetrsouee Misttimsasnndl afebilgsiig mpaon
regi ons, and nethods of making the sane. A first
embOdlimP@iserth@W@e&'ﬁd‘\@l}wfbntIy preferred method enbodi ment

of the present invention will be described first with
f
[0010} ' € ﬁr@'@esﬁ%§ Egﬁpplf]ﬂeﬂj?scgngm%eg gfa%l%‘ﬁg@ Wﬁé@énﬁt@éﬂ%é et o

7. third and fourth illustrative
Coord‘%%%meﬂ?%ms will be described with reference to
FIGs. 18 and 19, respectively. Afifth illustrative

[0011] net RtBs.ebozishewtsomd illusthtive Bee e e hisBeshdvililiBtrative method
reference to FIGs. 20-21. [0017] Turning now to the

embodiRERt dfthé ?ﬂaéefnt Ihvenfidr:st i1l ustrative nethod
en‘oodl men FIGs. 1-12 will be descri bed.

lustrative nethod steps and internedi ate structures
[0012] of BIG.pHshayrs gndlushativeesteg dor a thirg ilusitative matbed embodiment

device 33 (e.g., a logic device or a nenory device)
of the pregentrioventioNdt every met hod step and internediate
structure of the

[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.



pFET 31 and nFET 32 of the sem conductor device 33
w Il be shown for purposes of sinplifying the
drawings. It will be understood by one of ordinary
skill in the art that 7 there will be other nethod
steps and internediate structures that need not be
shown to describe the nethod enbodinment. It will also
be understood by one of ordinary skill in the art
DETAILEBIDESEREPTAN OF/RLUSTRATIVERARSAENTS PFETs and
nFETs in a sem conductor device, even though only two
ransi stors are shown herein for purposes of
[0015] S, anfqrgng,gowttﬁéh@dgﬂmm@ss wl[qggmglfep:e rence rurgbers are used
cross-section view showing an initial structure for
herein tthdesignate likeldr sinitaatelarsents tihrod ghottdbe variouotiewseillustrative
present invention. At this stage shown in FIG 1, a
embodimestsofties B@seht inbentioenareshdunt0rd described 3¥hbdigures are not
isolation regions 38 fornmed therein to define

necessﬁﬂﬂﬂﬂﬁWn&& sehld, BAd H Edrsiiaf &S BBYrawingt have beén %%aggerated
FET 32, shallow trench isolation ?STI inth

and/or %ﬁ‘?ﬁﬂ?ﬂel in blaceB est |ﬁ{15¥|%t10@£)ﬁ9pds@§tonﬁ} t@ﬁﬁ %hoH‘r‘?ar%FF‘T @:['he art

NnFET 32 are shown next to each

o oIS Bty o P
vasod il ARl W DR oS FBB T .o

there between). [0019] In FIG 1, a gate dielectric

[0016] Mat GehatalOamBhbadindriiof gas ﬁre@bﬁphv@ﬂﬁ)ﬂmﬁeﬁbala s‘amuconductor
are fornmed on the substrate 36. In this exanple, the

device fs'tr[:éﬁ.lr@ﬁir%P@T%‘%ﬁcPﬁT@Wér@'thé’fﬁFE?s hBO& lé%ﬂ@%t%té eﬂfctrode

silicon. be di scussed further bel ow, first
I 4
and enﬂngéogireﬁ ﬁ@%{sﬁ% eét?ﬁ%gr? (-_Jgﬁitnsh é?merknf%sggf%’rg?k’ihb 4 Same. A first

lllustraﬁ% dd X&ﬁ'&lxtw ﬁgferred 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



silicon, polycrystalline Si Ge, sem conductor material,
nmetal, or conbinations thereof, for exanple. The
first gate electrode material 41 is overlying the gate
dielectric material 40. In an enbodi nent, the gate
dielectric material 40 may be a single honbgenous
layer or multiple lamnate |ayers of dielectric
yaterjal, for exanple. The dielectric material used

there wikbe pifer g&tﬂéocaﬁf@lpéanﬂ.l%teﬁﬁs@at%ﬁtru@ur@séh@trrmdwqﬁ.bgnah@wn to
dielectric material, and nay be any -8 suitable

describgithe awthed embodiment. (6 will lalagl beyunderstaoszy ommokerdinlasy skill in
such as piezoelectric, paraelectric, ferroelectric

the art theat éheravdl] typinallg belthodsaods ob pFEas enddeREl soiped3emieonductor
pur poses of discussion, the right side of the

device csvensho@st olp tho Grahestors ble Sitows herdis toriguirgssdshd sﬂﬁ;ﬁTylng
region 51 and the left side will be referred to as th

the draiMrigk. regi on 52. A pFET 31 will be formed in the pFET
region 51, and an nFET 32 will be fornmed in the nFET
region 52. The substrate 36 for each regi on nmay

[0018] g flflé-} TiTh & areswtapetiog \iew ghowigws Initisl stugiere for drentirst
therein), and in other enbodi nents (not shown), the

illustratinebpethat @nrrlmdird'eﬁf afrthe prestant atventon.a At this stage ehbwhsdn FIG. 1,
for each region (e.g., silicon-on-insulator (SQO)

a subsisato o afttihe sémitohductor dEACEBBINHSHSHIation by 34 fdankd therein
[11-V (I1-VlI) group conmpound sem conductor, conmpound

to defirfsiELARIBALS bPtheiffgsibn Eégbrwfopme%JtET 31l ORRMET 82 Fér%uow
2, the pFET region 51 i's covered by a patterned

v A ST S B COURI LT bl b5 an
T Rl N 58 ofpﬁdéagrg%hu "
v an g TRy 5 P oL B L e ) o o

fl te electro
not be dlrectly a%?acent to each otﬁer (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
silicon, polycrystalline SiGe, semiconductor material, metal, or combinations thereof, for
example. The first gate electrode material 41 is overlying the gate dielectric material 40,
in an embodiment, the gate dielectric material 40 may be a single homogenous layer or
multiple faminate 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



material 41 is conpletely renoved in the pFET region
51 at a later step, for exanple. The doping step
shown in FIG 2 is sonetines referred to as a pre-dope
step. After this pre-dope step, the patterned nask 54
will be renoved. [00211 In FIG 3, a first gate stack
61 in the pFET region 51 and a second gate stack 62
in the nFET reqgion 52 are forned. These gate stacks
suitablg dielerigmatasial fiacliding functipnabmptarials. sHED @s ipigrRelastric,
| at er devel oped nethod of forming a gate stack
paraelestria) dernvalectrio matersialaptutentlyknguner datae devalaped;? hagpumoses
formed using conventional photolithography and
of discasigntth®pglit skiebf the sbepsectidin figurss willdgereferaahtoods tHeepFET
first gate stack 61 and the -9 second gate stack 62
region 5N&ndARS Iéfhsﬁdé Wilbbe 8sfbRegheas lt}%jﬁFlHﬂtr@]d;ibmSZél]A pFET 31 will be
overlying the gate dielectric material 40. Next, as

formedélh 3?@5‘ V\g[—'PT Fé&on%1 i de FIACSH %Nllﬁﬂe ﬁfrﬁhefd% 'fﬁ‘éj nﬁE‘P"i@gle%Z

the' gate stacks 61,

The suﬁ%’&g' t eaéh Pegiegr? h‘@yco‘?@elr iff |tg)8!ogﬁ1tg @r%sl(ﬁlgell AP

errper ur €7 oxI eposi t chem ca

depositio rfo d,to fa
there'niﬁ@ﬂﬁﬁﬁ%fﬁfﬂ?txﬁmﬁﬁs\e’fj bk i A L m%{ﬁ% i Siructure
hermal anneal (RTA) rf rior to
af"d/O"é‘i*%f‘ﬂf'% ferRacoxeaen tgef‘?'é)ﬂonog“'t‘ﬁé%?‘b%%éﬂf §ﬁb‘§%r g sigucture,
This RTA step ¥be used to activate the pre-dope in
Germanwl-Opdnwauor (GR1)% dH-\ HEVhigrayp g@méow%@m@dhﬁpéﬁompound
41, when it is appropriate to do so. Then, an

semicmdustﬂrmpﬁiltcoet@lﬂnrﬁpb).ocess (e.g., reactive ion etch
(RIE)) is performsd to formthe oxide spacer

o021 S5 2 8o B B e ol 4
oS A SR By B e AR B o

36 at the pFET 51 and nFET 52 regions
region 52. |n another embodiment (not shown), the pFET reglon 51 may be doped

along with the nFET region 52, thereby eliminating 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
exampie, 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
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a first inplanting depth. Al though not shown, the
pFETs (nFETs) are typically blocked by photo resist
when perform ng nFETs (pFETs) inplant. This inplanting
is performed in alignment with the oxide spacer
structures 64 and is preferably a shallow inplant.
[0022] Referring nowto FIG 5, nitride spacer
structures 74 have been forned on the sidewalls of
second patelstanksGbimeluses 4he st yhiat eletteodciDatpiat 41 DvEAyiAg ¢he gate
| ocated between the nitride spacers 74 and the gate

dielectsd Arkeridh 40. Noxt,Bigt sHowrsin, FIG. 4[T@)ﬁdb%g6§éﬂsf@ér% fofné®EMng the
an LTO | ayer 76 over the substrate the first gate

sudewaﬁé aftheidate 2RMKE 87, BECRNHhiYE ﬁl’i(—ﬁ’ﬁk 8lysRELRFe-bRidation 1 step
w1 OBEMEaL ePdpto

formng the nitride materia e use

and = (b eRbblait SR fOT) equeFP’PZr %54 Shishfy %%?ﬁgsoﬁ?gn
id I f d
(VD) ik ast g By SN OREs pliiahg! gy C%%%gaeé{apﬁje
o S B B et v
be used to etch the nitride material in an

oxide S@ﬁpgt@t@% pl s R thetepreayybe used éxactivateths pretdapediniting

oxide materials and stopping on the LTO |ayer 76). '
polysiligerefor thé: éirst gaid elgetrodesmatsridbd 1y whew dds Appropdater totdueso. Then,

source/drain regions 71, 72 using a wet etch, for

an anisatrapidl eichiAf hescese(aigngehbibvenioh retete( RiBdS perféAned to form the
: source/drain inplant is performed, by inplanting ions

oxide sp@gestFict@ty c4hown e RGUAC Af@F Rirfhing 8@ ®lde épacef2iktures
the substrate 36 at the pFET 51 and nFET 52 regions to

d
g R P e

sourcem?ﬁlﬁ Crg F]Q'?“F ?%PEG%TQJE)Q‘F]";%@I 2 opt Ja?‘-lr %ﬂg%FFEe-ﬁ'S%%Ee@ons to
a first u%/p%n‘%ns denm/ Rlﬁmug Ho%ﬂdthfelpllgl‘:elds (M Fﬁ—ﬁ'sl) are yplcaﬁy blocked

by photo resist when performing nFETs (pFETs) implant. This implanting is performed i

in alignment with the oxide spacer structures 64 and is preferably a shallow implant.

[0022] Referring now to FIG. 5, nitride spacer structures 74 have been formed on
the sidewalls of the LTO spacers 64, so that the LTO spacers 64 are located between
the nitride spacers 74 and the gate stacks 61, 62. But first, it may be desirable to form
an LTO layer 76 over the substrate 36, the first 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

-10-



dopant (such as B) doped SiGe materials. Typically,
the second inplanting depth will be greater than the
first inplanting depth. However, any suitable doping
pattern and gradient (currently known or |ater
devel oped) may be used in a nmethod enbodi nent of the
present invention. Al so, any suitable spacer
structures, spacer sizes, spacer naterials, and
form thewitide sphcesatiea RIEretch wimsbarayed etgkthe nitile material in an
enbodi nent of the present invention, along with any
anisotrepictnadnrior ogh el detivé Eghih@.ﬁ EREINg Gife MterBPAAY siopPing on the
source/drain regions 71, 72. 100231 In FIG 6, a first

LTO la@e 76). TR 1 6 1dyReF '764289’ BE rérhﬁxéédéﬁéﬁ{ Nef tﬁe,ﬁs%qI{&S/gégin

Spacer structures 64, 74, and t ate stacks

. i i i d.. [
rogong 1, 72 Gsha SRS oA A AL Bl e
sourcol G ToRRs Y Fekiil, g FheBah Ay B eniiel b B shifesoran
rogions 2l o1l SUREARmP e PRET %1 268 FF FT52 fplonetaadsecond
mask layer 91 is formed over the nFET region 52, which

implantirg dertha Althetigh ast showmdba pFETadAFEEs)are typically blocked by
phot ol i t hography for exanple. Wth the first patterned

photo reaiskwhey @erfotding hFET spb&Ed's) inglant. tTHedeF £ By sour8@/drain (S/D)
etched at the pFET region 51. Preferably, this nitride

implaniis dptiosaldtechass pFBas S/BIdrya selyasd facessanans fillerf whh Rsitu p-
oxide material so that the first oxide |ayer 81 nay

dopantd&liciags B dBp&d SRES hdtayas. Olrypﬁiallif,etﬁétse_éﬁn&lrgﬁlaﬁﬁﬁd 8&pth will
l'ayer. The nitride etch my be a chem cal downstTeam

ieat h e j I
ve bt e ABIATEL B, DB/ b0 4B and
. j t ' L ge | r .| eay, th .
aacior Bt 3o 50 BEAd U8 B gt o
the preggltltelh\'/earlltiodﬁ.l ﬁé&oasr’}?/dsuﬁgble 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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the pFET region 51, as shown in FIG 7. [0024] After
renmoving the nitride layer 82 and the first oxide
| ayer 81 fromthe pFET region 51, the first patterned
mask | ayer 91 (see FIG 7) is renoved (e.g., resist
strip/clean process), as shown in FIG 8. After
renmoving the first patterned mask |ayer 91, a
recrystallization anneal (e.g., spike anneal or |aser

91 in pkacactiei nitjidertayer®? ip etdtmdnatdhe pbEfaegipstHl. | Preferably, this nitride
substrate 36 at the nFET region 52 while the nitride

etch islatjezist Bartiaflyl stleetivd agaihstmttitieg bRidermaterial £ Bt tHe first oxide
place. This may al so cause a tensile. strain

layer 84 rad\pA&d<esh bfth ét&t?laﬁngﬁa_r §haasedn éRfinRFePidyél. Ofnd hitfdSetch
menory technol ogy (SMI) to inprove nFETs perfornmance

may b a‘ﬁ‘ﬂ@ﬁ‘]icfd? @oWnEfr%::%rfn nellt@?;ﬁgfjgf fé)lse){wi\é.le gslae%(ﬁttﬁé firsk Bg{dﬁa{?yer 81

optional to per ec;ys a I'on~ anne
_ . - n
s rem QT M pERY raba R Bl BBy o Breh o FE R Eeeger o1
oaves i TR bl A A B0 Sl el et g a
, an etching Erocess has been performed on the

FIG 9
the pFE} fiegian ¢l aph shewginRS.74 of the substrate 36 at the
PFET region 51 and at the first gate el ectrode

[0024] Bt ﬁ&éﬁgﬁ&i@ g@;ﬁg@bﬁé&@ §%cff %st@xié@iaayéf‘gg @JtéFnTthe oFET

regi on 'y, this ching 1s

: réi I ' i gt j nitride, and oxi.de
rion 83 kB AL 1 PABL B4 FITA S gl g, R
. ,.sem conductor material, . i.e., the first gate electro
strip/cig ] bIERRPSS 9 shamph a8 Aot iscatiing, b S eatsgngd, maskdever
case. This etching nmay be an ani sotropic, isotropic or
91, a resyeialigatithanneal £3,9- SRiKeAINGSL oF lagen anneating) AY beqrerformed
exanple. Wt Si etching i s not
to recrystallize the substrate 36 at the nFET region 52 while the nitride layer 82 and the

first oxide layer 81 are still in place. This may also cause a tensile sfrain transferred in
the nFET channel region 92 (for stress memory technology (SMT) o improve nFETs
performance ) when the nitride layer 82 is removed later. It 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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excluded. The nFET region 52 is shielded by the
nitride layer 82. Wth the etching being at | east
partially selective against etching nitride and oxi de
materials, the spacer structures 64, 74 of the pFET
region 51 will at least partially remain. As shown in
FIG 9, at least part of the first gate el ectrode
material 41 is renoved by the etching fromthe first
exposdbéibstiate 86 filthid add)ETHIE BEhirROnAR balan A6isbiedpit, ds@dfic or

el ectrode recess 94. Al so, source/drain recesses

6
iRBnioP b i i
combiBRy By S, T 1 oL g

oS e 13 s GBS I " b i
v o4 S 256 e a0 R RSB 1 e
e 2 SR i R b £ 85

typically nmuch narrower than the source/drain

9, at lepgipashaf thediestaata elegtrode aateral 4lyipirembrvgd b the etwbingffoom the
the first gate electrode material 41 than for the

first gateostacle 6d (i the pEfriTonegion151) Thifarmi 8 gatweleetrode roess MatAlso,
there may be first gate electrode nmaterial 41

sourceldraini recegse3toa dre fgahed by éad stehingrie dies so@de/drdintrBgions 71 of
wi dth of the source/drain regions 71 is nore simlar

the suligiratd186 4t tHPRET téifioh BN $sedRI® Pt ack 61, the first
gate electrode material 41 may etch at about the sane

rate as the source/drain regions 71. Hence, the etch
[0026] ot b thererebdimppt shayvn ind-I5e 8 bae of thefirstigaterpieairodel material

preferred enbodi ment, the source/drain recesses 96
41 reminseatdhel gpterelostrodaereses s Bde Thisomay beutreiéredrto tadowlfous new
100 nmfromthe top surface 100 of the substrate 36,
gate elbotrodexanaerial td be grdvar easibo@i.greasiag sheslestive epithgial growth
source/drain recesses 96 may be fornmed wth any
(SEG) ptodesb). eBelefisk. most gate electrodes are typicaily much narrower than the
source/drain regions, the etching rate will typically be slower for the first gate electrode
material 41 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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-13 If. [00271 I n sone other processes, a nitride cap
| ayer (not. shown) is forned over the first gate stack
61 to prevent the first gate stack 61 from being
etched while formng the source/drain recesses 96.
This requires several extra steps to form pattern,
and | ater renobve such a nitride cap |ayer. Thus, an
advant age of an embodi ment of the present invention

[0027) i S trh¢dmé bere pedRsesfa AlIdE &b lapat gn%t Bho\Wn) i8H6rmat &Ver the
renoving a nitride cap |ayer over the first gate

first ga?é %Ek 681 téTg vefit fld ﬁfbfc?été &tddkBh frH% tﬁu‘l’g? éﬁ:ﬁeq We forming the

own 1| n a Si Ge mat

S°“f°e?°%§“ﬁ§b§4a%e’é 2 t%%‘“%écssi‘%*%%fﬁg SR HREST Hhel, B ater
removwv?h BORUE oo T NuEs g Bhides ofnBbopiiert el prosent

ial 102 own in the source/drain recesses 96 and
mvent*%és &5@% hesg |St@glsrfﬁé@m'@eeg§temnssaw laéeiFe MRy SR Oibiée cap
formation. Preferably, the growmh of the SiGe
layer ongit eifiast gpde stack £158dv beiclimingied femihegiroogss ffavocess
so that SiGe material 102 is not formed on the

nit I

[0028] heﬁ\ls3 %ggg,ﬁqin ?F'? Sﬁ% ur es %@a?e;% 165 ea[)él'és?% da@)o
ca f f| rst r ode

sourcelillstR3sts SEAR! Ranp Sele Soghde et o Eﬁi ot
, ve epitaxi r.ow h ma e used., The
Preferajiing 6P AR cag i SB AeDPS WHOLON .(%)ewm the growth.

recesses 96 will likely be si n‘%ée crystalline with
Hence; fhe Sigeematesiak H)2 gromindndpe sadrceiisaigupsessesdtamnd the gpte

110 or 100 orientation). And the Si Ge material 102
electrogr aecapsdsis gireatly dopadiupoméprmadioni dineferatihghé igrawthgtiee

el ectrode material 41 in the gate el ectrode recess 94
SiGe matetiall 10R6s v selective epitaxial growth process so that SiGe material 102 is
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

w14



be polycrystalline with the sane polycrystalline
structure as the first gate electrode material 41.

[ 00291 Just as the etching rate was feature size
dependent (conparing the gate electrode recess 94 to
the source/drain recesses 96), the growth rate is

i kewi se feature -14 i size dependent. |If the first
gate stack 61 is narrower than the source/drain

size depegdents If7the first gat@ptdor\64 i8 natrower tt@fnqm%ouﬁe‘ﬁdr@rn r&gions 71, it
be adjustable to slower growth rate. is desirable

may heiv@ aﬁélo{fvéag fowth lrateldranap b6 %ﬁ{d&[a’ﬁié‘td ﬁSﬁéﬁgﬁmﬂﬁ réfet Nt ishe

nbedded Ge rraterl aI 102 to maxim ze coOnpressive

desirab‘i’é E@éﬂggﬁfﬂlhﬁe Eggr efd r Eeé%@ éﬁ}m&@ﬁg\/@?‘npeﬁw\ﬁgﬁ@
o A R R e .
I t be preferred
shown i FIGIGS s Risterved T plodl Svael e sewca deloaBranser 9 because
102 i_n the source/drain recesses 96 so that the
some of the siGrmetrstal JA3wHY be sonsuraad latendewe thepline duringsgiicidation
100 of the substrate 36 after the silicidation of the
processipgyr tanady he wrefeyied e adjust thetoverfill aftthe enmbedded BiGesnaterial
(not shown), the enbedded Si Ge material 102 may be

102 in fhieusslures/dfain tdvessepn9s so tiaatdhd llicide (hdtesHomantis filish With ehe top
underfilled in the source/drain recesses 96.

surfaceS1 00 biathksubitrate3apafesrans eficidatie® sPinetRiurcd/didin r&’a‘?ﬁ But
el ectrode recess 94, as shown in FIG 10, but t

in othelgérhﬁoéih%‘ﬁté Qi shSﬁﬁf %he?érﬂ%ﬂd@@ SW@ H étllﬁdl 02“%15? Be flush with

Il ed, or underfilled in other |nen [

the toP?ngte% g a-wr ecessqgge ?6 &t ﬁ@é@ﬂéd’“ N tlllgt%'gh % r%%)tcgﬁ%%? 9.
Slmllarﬁ'il R% Br%%rFéob%t@orﬁ&ePe?ynﬁ %Sda Mac?rodg 'rgcl:ens% éi“ as shown in FIG.

10, but the gate electrode 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 additional 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
material 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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pFET channel region 104 of the pFET region 51. 100301
After 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 layer 82 is
over the nFET region 52, no additional masking is
needed for this boron inplant step, which is another

boron iggianagebe b lightdddd. SOne B EHE AdBRintageBifushiy SiGe fé?lt[rfmﬁFET
is preferably a Iight dose to prevent relaxation of

gate elb&FoRMBIRASICR G bdRioRE hébleyQ?o el \Mg'gb&%Hrtﬁ&r‘t gb?‘s?ﬂcon

recesses 96 (and in the gateel tro recess

which ﬁSQlﬁH ‘f‘ov&%ﬁe@t%‘?\@g%ﬂg? gﬁtgﬁbﬁ&{(ﬁé iﬁ) @oe: @%g?/eljr%(ftrorge After
o oo e e R B BPREE oShetepr
doping o rReRIs D RS Seling haroh Faplning ?Adﬁ%l%b&%% campissive

the gate el ectrode. After the boron inplanting, it is
strain %}t@ﬁéfﬂ ehanpeheadian 4 Ipisiapikenrngal iscarept §teIPHEFe
boron doping, to recrystallize regions getting boron
becausierthe afrtE Tnipgicanil naly hrecanyteslebata ederi stage bt canbination with
pFET channel region 104. This spi ke anneal is an

anothepheatdredtment pAltenativety dhe sentalingdteg pefgiméed aflthigstabe may
anneal ed at a later stage in conbination with another

also beh@stid torfieaPttle.nFET RIgh#t 52 6f Mot dIRRIIHMAAICAIN & ;ﬁ@wous step).
performed at this stage may also be used to annea

he nFET region 52 (if not already annealed in
[0031] pr oAt shewaiapiG. 11, @oeeendpatinaid masi-lager 112 issfosBed uer the
patterned mask layer 112 is forned over the pFET
PFET regigndi tepretechihetpdilT ragionp sETurieg thenreBiowdiof ihg nitride layer 82
renmoval of the nitride layer 82 and the first oxide
and the firpboxi@é 1dyen @ tiven tHEFTFEEgegion 52. ThHeeprpcesessd ategs used to
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 to 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 suitabie 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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renove the nitride layer 82 and the first oxide |ayer

81 fromthe nFET region 52 may be the sane as that

di scussed above regarding FIGs. 7 and 8, for exanple.

In FIG 12, the nitride layer 82, the first oxide

| ayer 81(SMI process is sinultaneously conpleted while

the nFETs hard mask is renoved), and the second

patterned mask | ayer 112 have been renoved. The steps
strains usettie tpé EJo8rh bed eFEN 2odtHhe JitstamabaiénBRea MGt 92). For the

connect them to other |lines and devices subsequent to

PFET 3 @oRiprewsive Strail @Mhel X dirb&lion@vHiéh 8- mostSehbive #r PPFET) is
contact formation, IMD |ayers, netallization

smprovb&b?frﬁ:‘?éﬁb%%t(%orea?t‘}ol)t 7R dr%ﬁéggsm Y ﬁl‘éi Ilﬁgﬂrgtgvgerggtergod of

conventi onal at er evelo

e (T4 S A o e
siGe rfgii0g. 1 15 o ol in Senpe ol 1 GAngigalpriith angiamakstep.
|rect|ons or, .the follow ng discussion regarding -16

There %ﬁ? &1% A Slight IRerEgsS (e-an @RS 139 lathe teaste siain in the Y
iment (see FIG 12). For the pFET 31,
dlrectl%nﬁla%ﬁE EVestAlthowghrineraasing densiletstain it Yidirsictios foraspFET is
sensitive for a pFET) is inproved or increased (e.g.
typically wndesiratiestbe amoun} ofigicrepsetiy dsingthe ﬁrlsums*tmtive@mbodiment of
method of FIGs. 1-12. This strain on the pFET 31 is
FIGs. 1-f2lisceebligible bad pestably wil et dffeet seea@@de irbh Gabstantial way.

material 102 in the source/drain recesses 96, in

Hence ahgrnpaiviehritntiof fheaébn%ragﬁbe %frsm in tHO KT fraRlis? fdrade @?Efr‘ 31
sllght increase (e.g., about 0.1 % 1n the tensi|

should $tB&BRtiAI N Fwi Ihd.élrf st Ilﬁﬁféng@ﬁﬁpggﬁgﬁépo@ggﬁﬂﬁ%%se in

I ncreasi ng ten

tensilelsﬁgfnfqﬁ‘ltlll%(YLq?r%%ﬁ e pF:EE' ount - of i ncrease by usi ng

Ius ive i‘fment of FIGs. 1-12 is
negli gi bl e and probabl y wll not affect performance in

[0033] a shilGst ddti7ashovmagome illustrative steps for a second illustrative method

~ embodiment of the present invention. The second method embodiment may be the
same as the first method embodiment for the initial steps shown and discussed above
with regards to FiGs. 1-10. Referring again to FIG. 10, after the SiGe material 102 is
formed in the source/drain recesses 96 and the gate electrode recess 94 of the pFET
region 51, and after the additional boron implant (if needed), a third patterned mask
layer 123 (e.g., photoresist) is formed to mask the pFET region 51, as shown in FIG. 14.
With the pFET region 51 shielded by the third patterned mask layer 123, particles are
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 particies,

preferably heavy particles capable of amorphizing (breaking bonds and lattice structures
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Hence, the inprovenent of the conpressive strain in
the X direction for the pFET 31 should substantially
out wei gh any negligible effects due to a very slight
increase in tensile strainin the Y direction for the
pFET 31. [0033] FIGs. 14-17 show sone illustrative
steps for a second illustrative nmethod enbodi nent of
the present invention. The second nethod enbodi nment

of the sitigort)¢h¢ hate clacteodisaridithel sousde/driih ashie BT bMBBINFET region 52,
the initial steps shown and di scussed above wth

includihgg@itdﬁ)t ligitEH &5): &@nilﬁﬁf@hbhﬁarfse%l gﬁéiécﬁu,ﬁ]gom’oﬂ\ations
a

ter the SiGe material 102 is orne

ercof ' GaI56, 15585783 (80 PO 08 BB LR S
may b 85t B Bihorhiz R of ' ltbRor e 1 0 mask 1 he
pFET region 51, as shown in FIG 14. Wth the pFET

[0034] r egNemrt, 3% stioiwel iHeIGDhY5 L the thikd pattgrabd enaskdaygrsioes igy&hoved
123, particles are inplanted into the nF regi on 52

g., fhotdralist stfiplcRast). WA thefthird paermea fhadiahler £8 @A%oved, th
(0 Fjarllgnrphous Igt the nFET regqi oﬁaSZ. These pg?ti cl es r}’ay ©

interm@cﬁa%ru%l%rb%@'%ﬁ% jd thef %nne@b@gﬁﬁeg@gﬁlem% aartﬁi?l%aﬂiéﬁ,l Bt not

capabl e ~anor phi zi ng (breakin nds | |
- r t iLicon t t ect r.Qde ar
it 3 WSS B 05 ot O By o8 551 80t e
I, ncl udi not limted to):,.ge nj u xenon,
boron gl i MRttt af Ths pisBistaseraBhiti I elcldionsy g to
| e. ferred_use of the second nethod
recryStGEB I EFE] GrRAINGIPRSHES B I wniaF ShAnss! region 92 (for SMIT)
amor phi zi ng i npl ant, for exanple. [00341 Next, as
after thermitigeilayar@8 isTemoved Alheuptpan optional pattsf theapraces2Bow, the
is renoved (e.g., photoresist strip/clean). Wth the
implanting ptitheagarmanizun padicldsadn ¢ne APET region &, erthamces 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 esséntially 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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intermedi ate structure of FIG 15 is then anneal ed
(preferable spi ke annealing, but not limted to,

| aser annealing and others are options may be used as
well) to activate the boron doping in the pFET 31 (as
di scussed regarding FIG 10 above) and to
recrystallize the nFET 32 creating tensile strain in
the nFET channel region 92 (for SMI) after the

62 include diffdeerit ayserid@2 inidallye i otitbr wirtib oEIE) 18 mapbe @;nabtltﬂﬁﬂtfor
of the process flow, the inplanting of the germani um

FIG. 1 paticatd g valiftidén teirst &t §6tond rﬁétmaf@ﬁbéd?ﬁleﬁ@tlﬁtﬂefm a
strain induced on the nFET 32 (for better SMI). [003

polycr)k#!f%zﬂﬁnéC chmgyéeﬁﬁ“ﬁa%ém%rﬁ%%' tﬂEg;%ée hidfedid ﬁ\}@fié?lal 40, and

layer 82 an rst oxide layer 81 reaned
2 po*véﬁﬁﬁafﬂﬁﬁ GERVEL 133 pad et TP d olloirayha SR8 e
1 d.l2. bec e th

130. Alyiigh et B Eot N Y e s deafle SF<0SrR f e wird

f | Justrative purposes). The process and
metho@geiﬁgﬂﬁwtf GRTPRY. 1Py DURYaR D i Ak ik e osrovide

. oxide layer 81 for the second nethod enbodi nent may be
a unifofrp@nggesti a@ousm\@ram eipbe gatr dicknstricamaterial 4gardi attyantage of
FIGs. 11 and 12, for exanple. [0036] FIG 18 shows an

using a thirnulsyenofi pﬁéy&iltoap T30 sandiiihed bdtiveen tiae palg-Si€ehnaterial 132

enbodi nrent of the present invention. The third method

and theghlediiceotricmagtelial 40his thatiealivavs fhe goly-SiGe weité@sl 132 to be more
enbodi nent or the second nethod enbodi nent, except

easily §rédin (b;%e GIHP e pRBENZréih) oh%h@%olyﬁmbﬁﬁqw'réﬁﬁf ﬁﬁ\h dlrectly on

materials initrally. In other words, be
o sepiak g, "5, o g i o
refi nedﬁﬁ Eﬁgﬁc%'s?ﬂr@ MI@I C?JnI 13‘?)0 eb?%ﬁfi%é?t?igﬁﬁéte%ﬂb yrB% utfiZed 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 polysilicon 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 fo 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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a polycrystalline Si Ge | ayer 132 has been forned on
the polycrystalline silicon layer 130. Although the
polysilicon layer 130 nay be any desirabl e thickness
for the third nethod enbodi nent, preferably, the

pol ysilicon layer 130 is just thick enough to provide
a uni form and conti nuous coverage of the gate
dielectric material 40. An advantage of using a thin

gate sthoke61,62 Willlhavkthe 96@@@&@@@%9@%@%@@% é18&rode material
pol y- Si Ge materi al 2 and the gate dielectric

41in tH@fnﬁfa'l Qéte”é?aéksstFJ@ﬁreFt ragb%r‘mﬁ? Bﬁg &Ws\ﬂlcéh% éf?JWlh‘?}!G 3.

be nore easi I al
growt h) on the polysilicon 130 rat her than d| rectly on
[0038] t heTheneeardiseveral ativantages ohlising SiG¢ &u the irst gatd eleetrode
processes al ready devel oped and refined for

material epdsot usigg SiGy i thedirst JR6 statkdstt 6f tHe QFET 31 thatBi he
40 may be utilized to provide easier integration into

realize@ Texsigdly-8G e 92 esredl iIAVWIGENES b3y hiay tfe §b5dd ﬁ}t‘sﬁtufm[ﬁboron
and second gate stacks 61, 62 will have the poly-

(pre-ddpRld§ bk #he $R% Rofhéd. pPgWﬂGecr?Qte]'%pﬁerﬁ% V\# Hﬁs hW:dHe‘?‘l

gate stack structures

han onl
satura@cﬁ"{ l)é§él fb@@%oﬁiﬁaﬁﬁglﬁg Rbd %tﬁ@lﬁ%@ {o(s 6@}%‘? Ppé deping y
strative st rth.illustrative
CO“CG%?RB% PRI a0 1 R, 236 efbokPHo arnteial rovides iioce
thod enbodi nent, the fourth nethod enbaqdi nment
CO“dU%@W IB Qyeerdgsistance (more sindlar tmedal). avhicharabrnedicial fs a gate
second nethod enbodi ment, except that the gate stacks
electroee Ao, apeiher advantage ehhaviag SiGematerialin #he gateistectrode(s) of
other words, FIG 19 may be substituted for FIG 1 to
the pFET @atior aFEaris dhdtdhe MOBRET frerfotmanck issshandedrby nedlicing poly
enbodi ments. In FIG 19, a polycrystalline SiGe |ayer
depletidB 2ffbets (BDENH (ddeotontbd Hilghiee dopgnisoltibitty pRiSHGE). eTiRs tisé 6f SiGe in

material 40. The result is that the first and second
the gateldectrode(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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gate stacks 61, 62 wll have the poly-Si Ge materi al
for the first gate electrode material 41 in the
initial gate stack structures, rather than only

pol ysilicon as shown in FIG 3. [0038] There are
several advantages of using SiGe for the first gate
el ectrode material and for using SiGe in the first
gate stack 61 of the pFET 31 that nay be realized.

amorpﬂ_él% PREYiek&fic ﬁ%?eﬁé!r MRfle 'aféo"_thﬁsan éﬁlb@ﬂlrﬂéﬁ'@g?éggrﬁsgnt

oped in-situ wth boron (pre-doped)

mvenﬂ&? % tHDeorlu ide | @%@hs@:ﬁ@%%* ¥nd ﬁ? t@ctqhgl?@gﬂ' region 52

|on eve or on I con

§"°|r“§ﬁ50é6f3&?rﬁ@?ﬁ‘%ﬂ@?aggé’;@?eﬁwﬁﬁgwté'ﬁéiugga&fﬂﬂ’g@e

on the [BEFGHaANel TRHIBISZe SUTST Furthemase. by giitibatiop 2o peafor a
Al so, anot her advant age of haV|ng SiGe material in the

nitride gap kayer entheBEEs pats electiedp iy Ribgootrolatitity ngay beimpriowed.
MOSFET perforrmnce i s enhanced by reducing poly

[0040] ggf’tg&-‘[ 205 %I‘?dé\tr &&89@1 Gt}i(a‘g gg s&%sggrg% Bk r\ﬁ{sﬁrgﬂ'péaﬁ'fethod
B T T s e T
as the fiRE SEPHRL. i TPt 1ottt cdbodimenia disoupsrkabave pxeapd tha

i nprove the conpressive strain in the Y
the etCBiSF%llaN%S)( (aeedHG. &) and stensassoriated with the etehsfo layer 81 may
: FIG 13 for direction reference). Because Si Ge has a
be delafadl ABhougluitis prefasthd tosusenthe ebai stopllayenB1(as discugsetyabove
SiGe is relatively nore ductile than polysilicon),
regardiSg @ee fisst eettiodiménty it is possilde to afjersthedirst, $econdhehichanfoeirth
regions of the transistors than polysilicon. [0039]

methocg:lil‘nbbdrn@‘ft@ to foigo tHeeusy oﬁﬁ'@%ﬂ&ﬁ@bﬁﬂ{frm?_'ﬁﬂé fiftemietrfoll

of an enbodi nment may all ow for tuning (by GCe
embodfRERERAY BE HIRNs&AB s Qhe Fifst 3&eBndaihid, 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., patterned 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 efching 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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el ectrode). An advantage of the first, second, and
third enbodinents is that the SiGe can be grown on
the polysilicon. It is sonmetinmes difficult to grow

pol y-Si Ge on -20 anorphous gate dielectric material.
Note al so 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 growth of the SiGe

structuf@ Whitebtchihg c{r"—rﬂa@erri‘iﬁ%1 tW!éngllé—Lsﬁ@sélﬁdﬂgmgsfﬁé’sﬁ BybNE¥¢Re use

strain on the nFET annel region 92

of the &Hﬁ tsfbgf Epé ?%nr%%tgi?aﬁg ;tt‘é@g:{sgeste tﬁ?@eﬁﬂ t’éhf‘tﬁ'e%odlments
wil “keixﬁﬁév s%f%@@ % Q7 5%@‘%5@%8? L ?."?E’% 1 Lustrat i ve
nmet hod enbodi nent of the present invention. The fifth

[0041] et hoithessrhisstiments disguszed tihevs adrthoudh thdgaflel dilectric material
second, third, or fourth nethod enbodi nrents di scussed

40 is sﬁ&DN As bRXfEe dahad for*tﬁbepFE‘FmsérR:PthbWT gl (\K/ﬁl@ﬁ Wl ?ften be

and steps associated wth the etch stop | ayer

fine), tﬁ@%%tektﬁelgﬁﬂ rieiriSter ?l 4(%?1 Ia:ﬁér ih @ﬁ%ﬁél%rnﬂﬁﬂ sttrﬁgfﬂﬁg (% H s Multiple

stop | ayer scusse ove regar

avers, SRR ESY Lm&sm T T -
from thg KogHp AL e BBy ariicea 8 Recthy m’é%iqpéhéé@s e
: third, or fourth nmethod enbodi ments for thelnltlal

[0042] St e ThesSaBdinRAt IS SReatHE s Zv\bé hséﬁ9ﬁr41§nﬁ1°arﬁ &yond
1-10 (or 18 to 2- 10, or 19 to Ref erring agal'n

tech nob%y'ﬂe@au@ str&hlif hFEFS %ggtp?f}é}%a? (]aan]c @'&) ?tgﬁt Fa%fo'ffe ¢rand

hé spacer structures

o S BB 5 s
inve"tifﬁ%&;ﬁd&%%@ﬂgp \%gv?% Rplitedtplreny S EeSrRpoper

tress
:strainstir(le 9139 chea\nsnellr reglons 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 nFETs 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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i nduci ng mask | ayer 82 is renoved fromthe pFET region
51 (conpare to FIG 7 of the first enbodinent). Then
the process flow nay continue at FIG 8 for the fifth
enbodi nent, but wi thout the use of the etch stop |ayer
81 shown in FIG 8. During certain steps, the etching
chem cal s, etching process, etch stop control, or any
of these conbined, may need to be altered to prevent

in the aRWAN @&l Apretiad FTRAD M R clobfre WP BRI PraseMAnvedfios iprotetdds, e s
whi-l e etching or patterning the

machinés?c | Lﬁéﬁ?{, @&ﬁ?ééﬁ%ﬁg ioﬁlﬂllaﬁﬁ;;&e&%}’g&thggs Epﬁ?llﬁéfsgrte,séﬁfdytegﬁting or

stop layer 81 as trated in the
L.rd nd_f.ourI. odi ments. W ll. likely b
nterto 36 8 onel oy B0 oAbl P SRR Aon piey fPify re

t he enbodi nents di scussed abovg, . .al t.hou th ate .
same L pEIDE P HARRS SOOI QSR THEcin i e oo dneordige to the
the pFET 31 and the nFET 32 (which wil] often be . .
presentfipyeaiion.t fecogdingy dhe prrendsdclaps arg intendes! taageiugderwighin their scope
material and/or structure (e.g., nmultiple |ayers,
such prpegpess, madhienosaqui®gie, cotnpoditipes oftaitep REANS Meghods tdrsteps.
NFET 32, without departing fromthe scope of the
present invention as defined by the appended cl ai ns.
[ 0042] The enbodi nents di scussed above nay be usef ul
in 45 nm and beyond technol ogy because strain in
NFETs and pFETs is an inportant factor. The
enbodi nents descri bed above and ot her enbodi nents (not
shown) of the present invention may address forner
issues in attenpting to inplenent SiGe and proper
strains in the channel regions of the transistors,
whil e al so reduci ng PDE and possibly providing nore
ability to tune the gate electrode in conjunction with
the soure/drain regions for WVt tuning.
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[ 0043] Although enbodi nents of the present invention
and at | east sone of its advantages have been
described in detail, it should be understood that
various changes, substitutions, and alterations can
be made herein w thout departing fromthe spirit and
scope of the invention as defined by the appended
claims. Mreover, the scope of the present application
IS not intended to be |limted to the particul ar

VVHA“EH%@H%W@ﬂ@é of the process, machine, nmanufacture,
conposition of matter, neans, nethods, and steps

L 9eREMbR 8 making ASeh REf ks ALkio cpipflsing S C f of NFETS

can use ar process e 3% SiGe for pFETs

&@&%@# Do R 054 ST P e

di Ki |l the art will di |
compri s ey Gl ol QErpS S GOt s

|nvent|on rocesses, machi nes, manufacture,
dermingt ﬁqcewggfév staglt erethe svhsiras at areplFiBkIEgion: st eps,
presently existing or later to be devel oped, that
pemfiag spasurtstuetntes and implinging aons iftasetrce/drapT regiohs efithe substrate at
substantially the sanme result as the corresponding
the nFiEvibeidiftvegiodescri bed herein may be utilized according
to the present invention. Accordingly, the appended

CbrriifBa RNld-dMiteSNHROcih®mafiClajdt@ Vel thBkibstriiR] the §F:RRStructures, and
such processes, machines, manufacture, conpositions of

mcgmaagg§x means, nethods, or steps. -23 WHAT IS CLAI MED
S: 1. A nethod of naklng a sem conduct or devi ce,

u M r%ﬂthggegts;geagtgééwfglggfrﬂasﬁ mglfﬁ‘eﬁ%l{tﬂ)cﬂﬁf'loreglton Iiuée retaining
b L T L e

(iihegate tack on t?%‘hsu strate at_an pFET region;
mg source, draln regions of the substrate at the pFET region and the first gate

electrode material of the first gate stack at the pFET region, the etching being at least partially
selective against etching the tensile-stress-inducing mask layer so that the nFET region is
shielded, the etching being 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, wherein source/drain recesses are formed by the etching in the source/drain regions of
the substrate at the pFET region, and wherein at least part of the first gate electrode material is
removed by the etching from the first gate stack to form a gate electrode receés; and

forming a SiGe material in the source/drain recesses and in the gate electrbdc recess at

the pFET region.



5 form ng spacer structures and inplanting ions into
source/drain regions of the substrate at 6 the nFET
and pFET regions; 7 form ng a tensile-stress-inducing
mask | ayer over the substrate, the spacer structures,
and 8 the gate stacks; 9 renoving the
tensil e-stress-induci ng mask | ayer fromthe pFET
region, while retaining 10 the

2. TROBINSA OF £18%2:5 1, Wit Gh Rtk S3BsHA éaﬁ%?efck %}ég O;HBSSég 'ﬁ't:eTﬁrs ate

region using a first patterned nask |ayer; 11 etching
substrate at the pFET
EkaO&QE?%%HaH%h%%ngg&%%k%gﬁgﬂ£T%ﬁglectrode mat eri al of
the first gate stack at the pFET region, the etching
being at |east partially 13 selective against etching
3. Themetnd of daist | .erlsréin theclirstgatregdéctiody eratesial ¢dugiristdre
NFET region is 14 shielded, the etching being at | east
semicoyphuctor alateyiabeleetdifiven garaptcoriistignd poBtekiating siticod,he
spacer 15 structure of the pFET region so that the
polycry§1ﬁﬂﬁa8 Si, baglettristalfind SiGcPhbTiubeinQidpad sic%afasnlﬂaaéstthé}kéfy and
remai ns, wherein source/drain recesses are formed
cmnmngﬁnk@%ﬂegphlng in the source/drain regions of 17 the
substrate at the pFET region, and wherein at | east
part of the first gate electrode nmaterial is 18
renmoved by the etching fromthe first gate stack to
4. The methog a%[elalei bovhaede redenwsils stressdnduinigonaskigyeac@n@ises a
material in the source/drain recesses and in the gate
materiabjebactaddoim thegesp @nsisti@ dfnérigd; Bighrledictentric; HA02, A2207 02,
met hod of claim 1, wherein the second gate stack al so
HISiO, $1i8{V, IASNSLA20S, MiQB 'agab cand 20@bietisdRersed er i al
overlying the gate dielectric material. 1 3. The
nmet hod of cIain11 wherein the first gate el ectrode

terjal n1cond ctor terial

5. T8¢ SebBucRREn Ve fnd BreSTn B i e it minaestack
I

compnsnllg Ell ﬁrst tensile-stress-inducing mask layer formed on an etch stop layer,

- wherein during the removing of the tensile-stress-inducing mask layer from the pFET

region, the first tensile-stress-inducing mask layer has a greater etch rate than the etch stop layer.

6. The method of claim 1, further comprising:
implanting boron ions after the growing of the SiGe material;
annealing the nFET and pFET regions after the implanting of boron ions; and
removing the tensile-stress-inducing mask layer from the nFET region while shielding

the pFET region with a second patterned mask layer,

7. The method of claim 6, further comprising annealing the nFET and pFET regions after

the removing of the tensile-stress-inducing mask layer from the pFET region.
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10

11

12

13

3 polycrystalline Si Ge, single-crystalline SiCe,
in-situ boron doped Si Ge, |am nates thereof, and 4
conbi nations thereof. 1 4. The nmethod of claim 1,
wherein the tensil e-stress-induci ng mask | ayer
conprises a 2 material selected fromthe group
consisting of nitride, high-k dielectric, H 02, A12083,
Zr02, 3 HFSIO H SN AN La203, Ti02, Ta205, and

8. TRORIMBE bPAgInt NFLRRE cothpAsind Eﬁlegﬁlﬁé"‘ﬁﬂ;r HeabMbiing WoREEI N

the tensile-stress-induci ng mas ayer is a |lamnate

le- 3 . S [ il e-stress-inducing
tamﬂeﬁ%@iﬁpgéggﬂgg{ﬁgﬁqgﬁﬁg%;g?§H£§§%p | ayer, 3 wherein

during the renoving of the tensile-stress-inducing
mask | ayer fromthe pFET 4 region, the first
9. Themicthed of ¢laigs L,iwittrin thy foesikg bpager stivaimires agd éaplentimgtiods step
rate than the etch stop layer. 1 6. The nethod of
comprib:ai m 1, further conprising: 2 inplanting boron ions
after the growing of the SiGe material; 3 annealing
for@ingew gkt bxiRILT0S spck®lon shRwalPbnE FiR® a®f sccond gate |

boron ions; and 4 renoving the tensile-stress-inducing
stacks; Mask | ayer fromthe nFET region while shielding 5 the

PFET region with a second patterned mask |ayer. 1 7.

A N
regions R T FoD T o B LR b R EP RSt or c her

Fiene oL B0 S even s et e Trsyeale Sachrere peend gatestack

region. 1 9. The nethod of claim1, wherein the

fosmingyiride spasers op sisicwaleal the HTOmpRasr bed thaike KT@gpacers are
located (l:)gt\rzf.%grll fh%sg:ate stacks and the nitride spacers and such that the LTO layer is located
between the nitride spacer and the substrate; and

implanting ions into the source/drain regions of the substrate at the nFET and pFET

regions to a second implanting depth in alignment with the nitride spacers, the second implanting

depth being greater than the first implanting depth.

10.  The method of claim 1, wherein after the etching of the first gate electrode material of the
first gate stack at the pFET region, a portion of the first gate electrode material remains in the

first gate stack.

11.  The method of claim 1, wherein after the etching of the first gate electrode material of the
first gate stack at the pFET region, the first gate electrode material is completely removed from

the first gate stack.
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3 formng | ow tenperature oxide (LTO spacers on
sidewalls of the first and second gate 4 stacks; 5
i mplanting ions into the source/drain regions of the
substrate at the nFET and pFET 6 regions to a first
i mpl anting depth in alignment with the LTO spacers; 7
formng a LTO | ayer over the substrate, the first gate
stack, and the second gate stack; 8 formng nitride
12. TRA@EMSd 8Nclaind FV\ﬁﬁéréin e diie n{a-{éﬁa?&ﬁﬁ[ﬁ{ 585 ardinGtuHdfdn d @d SiGe
LTO spacers are 9 |ocated betwee e gate stacks a
ma&na*he nitride spacers and such that the LTO | ayer is
ocated 10 between the nitride spacer and the
substrate; and 11 inplanting ions into the
source/drain regions of the substrate at the nFET and
13, prETegrated egtwihchip comprisigthd s¢mipbmdutiondevikepbimédusing the method
alignnent with the nitride spacers, the second
of clairi hpl anting 13 depth being greater than the first
i npl anting depth. 1 10. The nmethod of claiml, wherein
after the etching of the first gate el ectrode nateria

f the irst gate, stack a FET re
B oy it fabprising S ailuchor Gl marhae i metod of
. .dn the 3 first gate stack. 1 11. The nethod of claim
claimlq * wherein after the etching of the first gate
el ectrode material of the 2 first gate stack at the
pFET region, the first gate electrode material is
15.  A0sEL ab|bycdi nﬁiﬂ%ih?‘?{hé STt chdbbier aév'ic%tfoﬁl?éd%sﬁfgaﬂé‘meﬂlgé oftclaim 1.
12. The method of claim1l, wherein the Si G material
conprises an in-situ boron doped SiGe 2 material. 1
13. An integrated circuit chip conprising the
sem conduct or device fornmed using the nethod
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2 of claiml1l. 1 14. A nmenory device conprising the
sem conduct or device fornmed using the nethod of 2
claim1. 1 15. A logic device conprising the

sem conduct or device fornmed using the nmethod of claim
1. 27 1 16. A method of making a sem conduct or
device, conprising: 2 formng a first gate stack on a
substrate at a pFET region, wherein the first gate

16. P M6lhod 8f MAKRE b S&Hicanduclo? HeldY, BoBbRGAg0de materi al
overlying a gate dielectric material; 4 formng a

RS0 I8 G2 R0 oPI R BUEAITY Rl AL, BP0
S R “°%na16ovfe %h?hg%%% BRI o
antln ons i ource/dra ions of the
i %f%?g%é gat%steﬂ%onntﬁﬁ“b&%te fegiess waereigyths fegon gate
first oxide |ayer over the substrate t he spacer
stack alsp poraprises the fpfgatapiecyademaiesalayerlyng ﬁlmgnter@elactﬁp fafetial;
| ayer over the first oxide |layer; 10 renoving the
ermingiwabenpbnctared anhienplintiog iansiinte sbary@drain mgiothef theEbstrate at
region, while retaining 11 the nitride layer and the
the nFHT asitpFRdqi dgiohgyer over the nFET region using a first
patterned mask |ayer; 12 etching the source/drain

FReHiens fiesk okide layeasicr Ak SulidtratelBe BREEr RGBSR, Athe B&e stacks;
first gate 13 el ectrode material of the first gat e

S4Bk @huﬁ&qapf%%ﬁtﬁ@ﬁﬂﬂ@ma@ﬁy&t ching being at |east
partially 14 selective against etching oxide and

gélﬁ({;aﬁlggethgg&ga% ﬁ}g@g g{yegfrgta&xg&e Qﬁl}?h gi‘??‘h gﬁEﬁ%@&H 1€ etaining
; ET r
e R IS4 S BEGPRSE %vegmme%@@@g@ & i et aver

Ihe etching.in the ur ce/ dr ai |ons of
ex:hmg the source/tﬁam regtlons ) %e substrate at t e T region ané e first gate

electrode material of the first gate stack at the pFET region, the etching being at least partially
selective against etching oxide and nitride materials so that the nFET region is shielded by the
nitride layer and so that the spacer structure of the pFET region at least partially remains,
wherein source/drain recesses are formed by the etching in the source/drain regions of the
substrate at the pFET region, and wherein 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;

epitaxially growing a SiGe material in the source/drain recesses and in the gate electrode
recess at the pFET region;

implanting boron ions after the growing of the SiGe material;

annealing the nFET and pFET regions; and
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24

17 substrate at the pFET region, and wherein at |east
part of the first gate electrode nmaterial is 18
renoved by the etching fromthe first gate stack to
forma gate el ectrode recess; 19 epitaxially growi ng a
SiGe material in the source/drain recesses and in the
gate el ectrode 20 recess at the pFET region; 21

i npl anting boron ions after the grow ng of the SiGe

B lihe ritade BDRSAY s ‘P"ﬁ? 6 R e R 1 ing
thepFFhéé onvan%rggegg ﬁfﬁl—m&?%ﬁ%@ while shielding 24 the

on W L A eec ?ﬁterned mask |ayer. 1 17.
The nethod of claim 16, wherein the annealing is
performed after the renoving of the 2 nitride layer
17. dhdntethedfof clatm 0 wieerdia yteranheading iyeerfoldd dfegititrembyvibg of the
The method of claim 16, wherein the anneali ng is

nitride P@érf a0 teckisf ¢:6dc lah@ fompihe \M?FETFQegif)n 2 boron ions. 1 19.
The nmet hod of clalm 16, erein the annealing is
performed at Ieast twice, after the 2 renoving of the

tr| er the first oxide |layer fromthe pFET
ﬂ’odg W‘%el‘i%n the; al%?ailﬁs ﬁwr%rm thegpplanting of
20 The met hod of claim 16, wherein the ep| taxially
boron igRsowi ng of the SiGe material overfills 2 the
source/drain recesses. 1 21. The nethod of claim 16,
wherein the epitaxially growng of the SiGe nmateri al

L&l
5. SRLEEILAS g1 g Ao Stk

removxﬁ%{)/igﬁgm ecg:tclhﬁélr ﬁ%% ﬁ'ige 3 E)&rﬁigg eep From L 8?]13'9 i‘e%l(ﬂ‘l, LaPsRe B

implanting of boron ions.

20.  Themethod of claim 16, wherein the epitaxially growing of the SiGe material overfills

the source/drain recesses.

21.  The method of claim 16, wherein the epitaxially growing of the SiGe material fills the

source/drain recesses to be substantially flush with a top surface of the substrate.

22.  The method of claim 16, wherein the source/drain recesses have a depth in a depth range

from about 40 nm to about 100 nm, as measured from a top surface of the substrate

23.  The method of claim 16, further comprising
implanting particles into the source/drain regions at the nFET region to make at least part
of the source/drain regions amorphous at the nFET region, while shielding the pFET region with

a third patterned mask layer; and
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2 fromabout 40 rimto about 100 rim as neasured from
a top surface of the substrate 1 23. The net hod of
claim 16, further conprising 2 inplanting particles
into the source/drain regions at the nFET region to
make at |east part 3 of the source/drain regions

anor phous at the nFET region, while shielding the pFET
region with 4 a third patterned nask layer; and -29 5
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sem con vice conprisi’ng a pFET
transi stor, wherein the pFET transistor 2 conprises:
3 an enbedded Si Ge source/drain material fornmed in
source/drain recesses at source/drain 4 regions of a
substrate for the pFET transistor; 5 a first gate
stack conprising an enbedded Si Ge gate el ectrode
material, the enbedded 6 Si Ge gate electrode materia
being a sane material as the enbedded Si Ge
source/drain material 7 because the enbedded Si Ge
gate el ectrode material and the enbedded Si Ge
source/drain 8 material were grown during a sane
processing step; and 9 a spacer structure extendi ng
along sidewalls of the first gate stack. 1 25. The
sem conduct or device of claim 24, wherein the first
gate stack further conprises 2 a first gate stack
material fornmed on a gate dielectric material, wherein
the enbedded 3 Si Ge gate el ectrode material is grown
on the first gate stack material, and wherein the
enbedded
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4 SiCGe gate electrode material is thicker than the
first gate stack material. 1 26. The sem conduct or
device of claim24, wherein the spacer structure
conprises: 2 an oxide spacer extending along the
sidewal I s of the first gate stack; 3 an oxide |ayer
formed on the substrate adjacent to the oxide spacer;
and 4 a nitride spacer formed on the oxide |ayer and

2. RERRRIREA08: gt Ep ok LSRY) B AERRE il
&gﬂe stack and the nitride spacer 6 and such that the

COmPISRi de | ayer is |ocated between the nitride spacer and

t he sups e. -31 1 27. em conduct gr . devi ce, )
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. enbedded Si Ge source/drain material fornmed in
regions b g sestraedpithe BRIZE dausiger; 4 source/drain regions of a
substrate for the pFET transistor, 5 a first gate
& tiast igate siaple campriping; an ayatteddeti HiGe ghtcictectrademptgtialf the wmbredded
on the substrate, 7 a first gate el ectrode nateri al
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enbedded Si Ge el ectrode material fornmed on the first
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el ectrode material being a sane material as the

mateﬁag%%%q% ddbheS GRieTRINESASNG): Angat eri @l because the

ded Si Ge gate electrode material and the 11
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ne processing-s spacer
structure extending along sidewalls of the first gate
stack; and 13 an nFET transistor conprising

25.  The semiconductor device of claim 24, wherein the first gate stack further comprises

a first gate stack material formed on a gate diclectric material, wherein the embedded
SiGe gate electrode material is grown on the first gate stack material, and wherein the embedded

SiGe gate clectrode material is thicker than the first gate stack material.

26.  The semiconductor device of claim 24, wherein the 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.
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21

14 source/drain regions for the nFET transistor forned
by di ffused dopants in the 15 substrate, 16 a second
gate stack conprising 17 the gate dielectric nmaterial
formed on the substrate, 18 the first gate el ectrode
material formed on the gate dielectric material, and
19 a second spacer structure extending along sidewalls
of the second gate stack, 20 wherein the second spacer

27, AkediRbedRtdr deded)sb@aptidiagl y identical to the first
space structure because 21 the first and second

SPECEhaikdebMpasinper e formed sinultaneously. -32
an embedded SiGe source/drain material formed in source/drain recesses at
source/drain regions of a substrate for the pFET transistor,
a first gate stack comprising
a gate dielectric material formed on the substrate,
a first gate electrode material formed on the gate dielectric material, and
an embedded SiGe electrode material formed on the first gate electrode
material, the embedded SiGe gate electrode material being a same material as the embedded
SiGe source/drain material because the embedded SiGe gate electrode material and the
embedded SiGe source/drain material were grown during a same processing step, and
a first spacer structure extending along sidewalls of the first gate stack; and
an nFET transistor comprising
source/drain regions for the nFET transistor formed by diffused dopants in the
substrate, |
a second gate stack comprising
the gate dielectric material formed on the substrate,
the first gate electrode material formed on the gate dielectric material, and
a second spacer structure extending along sidewalls of the second gate stack,
wherein the second spacer structure is substantially identical to the first space structure because

the first and second spacer structures were formed simultaneously.
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