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“deep' source region) and a drain region 16 (al so
known as a ~deep' drain region) separated by a

2. Desaiptive oif e Redletehéit 17. A gate stack 18 is provi ded
over the conduction channel 17 (hereinafter referred
to as the "channel'). The gate stack 18 is forned
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spacer “el enents 21, 22 on a source side and drain
commonly used in semiconductor integrated circuits. It has been shown that the performance

of a MOSFET device may be enhanced by the application of mechanical stresses to portions
of the device.

A known MOSFET 10 is shown schematically in FIG. 1 (PRIOR ART). A MOSFET
10 is typically fabricated on a semiconductor substrate 12 such as silicon and has a source
region 15 (also known as a ‘deep’ source region) and a drain region 16 (also known as a
‘deep’ drain region) separated by a conduction channel 17.

A gate stack 18 is provided over the conduction channel 17 (hercinafter referred to as
the ‘channel’). The gate stack 18 is formed from a gate dielectric layer 19 above the channel

17, and a gate electrode 20 above the gate dielectric layer 19. The application of a potential
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side, respectively, of the gate stack 18. The purpose
of the spacer elenents 21, 22 is to define boundaries
of the source and drain regions 15, 16 with respect to
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severd! %Sﬁt&{agﬁ@heffe%ts that degrade the performance of the device. Punchthrough
occurs when the channel length of the device is sufficiently short to allow the depletion
regions at the ends of the source and drain extensions to overlap, leading to a breakdown
condition. Although punchthrough is generally avoided by appropriate circuit design, the
presence of the halo regions 27, 28 shortens the depletion regions at the ends of the source
and drain extensions 25, 26. This allows the fabrication of devices having shorter channel

regions whilst still avoiding breakdown by punchthrough.




A recent advance in the devel opnent of higher

per f ormance MOSFET devi ces has been the inclusion of
strained silicon regions in the device. It has been
found that the drive current of an nFET nmay be
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will exert a compressive stress on the channel. In the case of a silicon substrate, the inclusion
of epitaxial silicon-germanium stressor regions will create a compressive stress in the

channel.




of epitaxial silicon-germani umstressor regions wll

create a conpressive stress in the channel. 3

Silicon-carbon alloy (hereinafter referred to as
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extension recesses formed by isotropic etching are of a reproducible morphology. By
protective layers are meant layers that are used to protect areas of the substrate that are not to
be etched to form a recess.
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required in order to fabricate a semiconductor device. For example, multiple steps of
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region is defined by adjacent ends of the extension stressor regions. This has the advantage
that a level of strain in the channel may be made higher than in prior art devices where
stressors are formed only in portions of the source/drain and source/drain extension regions.
in other embodiments, the width of the channel region is not exactly defined by adjacent ends
of the extension stressor regions, due to a blurring effect at the interface between the stressor
and substrate caused by diffusion of dopants from the extension stressor regions toward the

channel during a subsequent spike anneal step. Nevertheless, extension stressor regions are

extremely close to the channel region.




In other enbodi ments, the width of the channel region
is not exactly defined by adjacent ends of the
extension stressor regions, due to a blurring effect
at the interface between the stressor and substrate
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FIG. 1 (PRIOR ART) is a cross-section illustrating a prior art MOSFET device.
FIGS. 2A, 2B, 2C and 2D show structures formed during a process of fabrication of a
MOSFET in accordance with an embodiment of the invention.
FIGS. 3A, 3B, 3C, 3D and 3E show structures formed during a process of fabrication

of a MOSFET in accordance with another embodiment of the invention.




FIG 1 (PRIOCR ART) is a cross-section illustrating a
prior art MOSFET device. FIGS. 2A 2B, 2C and 2D show
structures fornmed during a process of fabrication of a
MOSFET i n accordance wi th an enbodi nent of the
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The gate electrode 201B is typically polysilicon, but may alternatively be germanium,

nickel silicide, copper, aluminium or others such as polysilicon implanted with a second
material such as germanium.

A hardmask layer 203 is formed above the gate structure 201. The hardmask layer 203
is advantageously an oxide hardmask layer and the thickness of the hardmask layer 203 is
from about 50 Angstroms to about 600 Angstroms.

Conventional spacer elements are formed on sidewalls of the gate structure 201. The
spacer elements comprise offset spacer elements 207, 208 on a source side and a drain side of

the gate structure, respectively, and disposable nitride spacer elements 211, 212 formed on
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According to the first embodiment of the invention, the disposable oxide spacer
elements 215, 216 are consumed during the formation of the first portions of the deep stressor
recesses 217, 218. Advantageously, parameters of the fabrication process, such as a thickness
of the disposable oxide spacer elements 215, 216, the etching conditions, and other
parameters are adjusted such that exposed portions of the disposable oxide spacer elements

215, 216 are entirely consumed at around the same time as formation of the first portions of




of fset spacer elenment 208 together wth an exposed
source side disposabl e oxi de spacer elenent 216, and
an exposed source side offset spacer el enent 207
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Advantageously, the stressor extension recesses 221, 222 and the second portions of
the deep stressor recesses 219, 220 are formed by an anisotropic etching process.
In alternative embodiments the first portions of the deep stressor recesses are also
formed by an anisotropic etching process. In that case, the same etching conditions may be

used to form the first and second portions of the deep stressors.




exposed areas of the substrate 202. The further steps
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may be uniform throughout each stressor. Alternatively, the composition of the second

semiconductor material may be varied within each stressor. In a further alternative, the

composition of dopant within each stressor may be varied. For example, a concentration of

dopant in an upper portion of each stressor may be different from a composition of dopant in
a lower portion of each stressor.

An epitaxy preclean of the exposed surfaces of the substrate is performed prior to

selective epitaxial growth so that growth of high quality epitaxial material may take place.
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wi |l be understood by those skilled in the art.
Furthernore, it is advantageous that the second
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fluorid in a gaseous or liquid solution
Chmn¥%}v Orﬁx%g¥gng§ﬁ%|n tion of steps and chem cal s that
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selective epitaxial growth, a pre-bake step may al so
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enper at ur

atomid EQ@eﬁto THR @Y atdBORfe AdQhntageodslly @bslﬁ@nddﬁnﬁlﬁ’&‘sub@ﬂitgﬁom lattice sites
out 2 seconds to about 20 m nutes. The anbi ent

in ordat tegephiee @ stiainedhghanhel. pr e- bake step may include a

hydr.ogen ( t mpspheyr e ernat'vel Ritro
PYETRERS b SRR, e EERESY Sitnd BrEERTo macria

advanaigﬁamh%&aiﬁ@ya gﬁa&%@zﬂbo@ Wby RBer@insRADIcRREAI0R &F siledh carbon).
a hydrogen atnmosphere and a nitrogen atnosphere.
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at nosphere.  Adva eou y f h lal
stomsuf ROy OBy K REnTeat Gt otueRet GG B ALbiebfo produce a
strainDfaIMERI t axy. Mre advantageously the epitaxial growth

I's perfornmed by rapid thermal chem cal vapor

depasiductom HRT@VDP? (haneibhlter cefsredfo ashe’ Chmmrht?iZ@hlsaieﬁned in the

s RSy 5, 8090, EM GOUNELEY MLk e
The dB&IE12t &libe8f £ &fth Ule 38 1R bl‘egéhr&e of the stressors 227, 228 and is
therefore also referred to as a ‘strained channel’ 229. Alternatively, the width of the channel
229 may be defined by adjacent ends of the extension stressor regions 227A, 2284, together
with a blurring effect due to diffusion of dopants from the extension stressor regions 227A,

228A toward the channel 229 during a subsequent spike anneal step.
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germani um) . Advant ageously, the Ge conposition in the

silicon germaniumis 10 to 40 atom c percent. The Ce

atons are advant ageously positioned in the

substitutional lattice sites in order to produce a
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A conductlon channel 229 (herelnafter referred to as a
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and is therefore also referred to as a strai ned
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stressor regions 227A, 228A toward the channel 229

form piurafiibe stresetigegioehy isplarietiothneal st ep 11 The source
stressor and.the drain stressor
¢ ERPORie T golP DR BUERETE e helh A M taB ilipsped with
refereﬂ‘éettl'é the S9¢ bABAIZRAR 18¥erd. h& SUDBE LadeestdQPthat other types of masking
Alternatively, the source stressor and the drain

Iayelswdemftm@}tlmremmuﬂherbe@/ldd@easedevel of the surface

2 t te 202 res in.a raised
2B A 05 DR PEReERE rore TR i dflah B & bR thanne
transistb URICHITE SOD AVIEs. RS (A VAN AGE Withad s8N pRLARI é?ﬁlﬁ'@i"xﬁ@nt of the
i s enhanced. Formation of stressor regions by etching,

preserftobdeotsed by deposition of stressor material in a

;gﬁ@@%?&%ﬁ%@%ﬁ%ﬁ) 'n%gapi > %&/r%g Era cﬁm thevsggstrate 302 between

transidtOPHARLALS 960, Oﬁ“h@%ﬂ REQOR §G§ GO e SHRSLT B &rmind fr@n%'ﬁ% having

regions may be forned wth superior unlforn1ty
tapereflcidescilbyn theesubsteps 362, atldhiling ttenendbgosith romxak such as silicon
., opposed to inplantation, due to the need for careful
oxidecontrol of inplantation energies in the case of

S ?f(? SERThERE ggl%h@@ stridt n%ﬂegpalvﬁ{# é'sigégg RirudthreMd1l fo%e& BH ' aS&ibstrate

be appreci at that e "he present
302 afre dindti emicdminotopandteridl whieh skrels@mar Méglsonhdyirst semiconductor

materwéoﬁ%%@% %%&Egggw if%"é”{aég 1:#%2@ fisioRd tﬁlétf aite %'éa??rbals such as
germa%xﬂﬁ'? U5 @590 J}ad'tgergr%?ﬁdllﬂ'y@eﬁ Tie é@fté brRur e8NSk qo&te insulating

er types of nmask
layer 301A formed on the silicon substrate 302 and a gate electrode 301B formed above the

gate insulator layer 301A.
The gate insulator layer 301A is silicon oxide but it will be appreciated that other
materials could be used such as silicon nitride, aluminium oxide, hafnium oxide or others

alone or in combination, for example a combination of layers of silicon oxide and silicon
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| ayers such as soft mask |ayers or others could be
used. FIGS. 3Ato 3E illustrate structures forned
during fabrication of a strained channel transistor
structure 300 (FIG 3E) in accordance with a second
mtrldao r ﬁtl%ﬁ §5id6 MR UB BN O thédifhal BRRREH of AY &McbR rQubstrate Nitrogen
| ow trench isolation (STI) regions 305 are forned
can bd mtrodhwed s theatilecoBAR idpdtyweenms of paﬁ@a sttodatenray charmeknitridation.

3 The, STI db .
P e eermors S e SRttt ion bl o p Y e gormanium,
nickei?ﬁﬁeld@nﬁg}p&)bﬂ |a'hﬂﬂm§d?ﬁ otl r RGN 8T cHVLE Bo@/@lh@&ﬁ A8pRHER @h a second

Icon oxide. FIG 3A shows a devi'ce structure
materinbstichgs gergaeinst ruct ure 301 formed on a substrate 302

i Reatmilelopey A Seliughatistoe Hie wreare Sl chdEtisausly, the
hardmﬁ%{ 121}/?130%'115 by 8:[(‘16[3 hadhlakk BSeLnGRS Hﬁ%ésnﬁ{t%@ﬁeﬂ%as lgyer 303 is

such as gernani'um or or others cou
from dbeutiEedngsitoemsgatbogtoN0Atngsteor301 has a gate insul ating
| ayer 301Aforms on the silicaon substr
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Il at e at” of materi a

drain gael bﬂt&%at@ﬁﬂlcﬁme,heﬁﬁcmeﬂy, @ad dmipb:fdbﬁﬁmhaieu;phm ehaments 31 1,312
oxi de, hafnium oxi de or others al one or
formeg gprsidsxellpnl the offseamst eleseets ﬁ@?ﬂ%ﬁ&réweemlsayer s of

S‘Tl}é é?fgetosghcge? nt°'§ Al%%ﬁ@&ﬂtﬂ%{)ﬁgl}% %rﬁ%{l ﬁ%nll (fL%Qn 8§{dgewh1lst the

hes

dlspoﬁbbsﬁlﬁtﬁtie S}thnf %@ﬂcntiladie bed-taptageslisbe dotnddo ft(hﬁ silicon nitride.
silicon oxide by neans of plasma nitridation or

Dispogabde prifle hﬁ)atcren dampeh 3 1SR 6@&@ bracdabeusdbe sebptrgeid92 on a gate side
and a S%afn ‘318@ oy th% Sﬁl(rlulf:t%(r)en?mb g%gec Xregf Y8l Qﬁ%poya%lle.y 0)986 e spacer elements

nrum

315, 3068y éﬁnﬁﬂﬁiﬁe@ﬁetﬂ@bﬂ/ elsus@itd P! aﬂlﬂttﬁéjdl\épdsﬁbi@ n&ﬁﬁ@gﬁkcer elements
material such as germanium A hardmask |ayer 303 is

311, 3t respbchbdve [t ¢nebagiments pf thl@tlure@tlgmhe digposabl aere o sirager clements

15, PG RATREL PR e 8 RSP RSTE e Bl 020D
SOIAMIS iHSBhE Sraadlor 6RO, ﬁﬂﬁﬁtowg,&;thc%\(ﬁ%m@ﬂﬁé the dﬁsposable

spacer elenent elenments are forned on sidewalls of
nitrid@aiaeerﬁlmm@ttw kL, 33D and Fthking paewed etcesrehths Svd:tsttpﬁel 398 to form a first
er

cer el ements 08 on a so si.de
portiof o4 g Jar 1 STRETGaSS 07 eGP PpdieBateiioe JEim Rt reces
318. gﬁ?‘ﬂﬁ%@@ﬁs@yﬂhé fifs@ﬁoﬁ@ﬁ%?fhe@ie@ﬂ?&%s%r%@éesseg 327 3‘1‘8%‘ BEbRBO0A to
si dewal | fset spacer el enents 307
about 1 2&pActeepel vy.

Advantageously, the first portions of the deep stressor recesses 317, 318 are formed by
the steps of isotropic reactive ion etching. Isotropic reactive ion etching has the advantage
that it forms a rounded recess with the flexibility to tune the recess profile. This allows more
strain to be imparted to the device channel. Alternatively, a combination of anisotropic and
isotropic etch processes can be used.

The disposable nitride spacer elements 311, 312 may be removed by a step of etching.
The step of etching may include a step of wet etching. Alternatively, the step of etching may
include a step of chemical downstream etching (CDE). The step of etching the disposable
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The offset spacer el enents are advantageously forned
fromsilicon oxide, whilst the disposable nitride
spacer el enents are advantageously fornmed fromsilicon
nitride. D sposable oxide spacer elenents 315, 316
nitride@dp@cdraldiehtabgioted the o shadt eledRAtsBO7a3 gRhel the désposubtt oxide
a drain side of the gate structure 301, respectively.
spacerThemelits pbs dbPe oxi de spacer el ements 315, 316 are
sandw. ched bet n.th rate
arte UL B R oIR8 ST o Aoy 2éln 3 ottt spacer element
308 té Gty @h Yexpbgedestoel BEBtdspobatild @xidev gikeodleinbet 316, and an
| sposabl e oxi de spacer el enents 315, 316 may be =
expos¢dsanset didoriitchepasamsicrosntde7 todethenyvitha appydidraipaiderdisposable
i eleneqts %%35 308. FIG 3B shows the structure of FIG
OXICC SRCFLY FBW gt he step of removing the di sposabl e
NiAlivAH 80886 Qhe A€ PBILEs Sflthe dé%ﬁst@ﬁﬂ)r@é&ﬁbeﬁgl’E&QQ%@ﬁ)rmed by
areas of the substrate 302 to forma first portion of
a procgssodepaciveiioneetdingssor recess 317 and a first portion

SR R RSB A L BRERIE e e
clemedk83155 ABOUMaRD UM dvAng aBMoh2O01R HRERortions of the deep stressor

Advant ageously, the first portions of the deep
recessst BESSUE. rEvessadided by @ifBrmamg o migebide bsactivhwnsetepsg process.
f isotropic reactive ion etching. lsotropi¢ reactive.
The sles BTy AL T HP RS MG e REieh S S g ST ah st
I RS SSCWitldyst 'Elﬁ‘zl lgdr@c)ﬁ'n}é' bt FYGE 8Bt WNRWiNE th€CRSR of removing the

profile. This allows nore strain to be inparted {o
dispodable akidd gacahdemetts 3 5, t3donalievdi$posatde osilbispadter elenehts 315, 316

ni,sotropic and .isaqtropic etch processes can be used.
may bR I B GG 00 55%16“@3@%%3&62 311, 312 nmy be
r DY Qgéaxsag 1l %l?sp@gab% 6RiaB Gpacef NEerml @ 395, @f@aﬁn&l{md by a
wet etchlng. t t

include a step o Al ternatively, e step
procegf ofetadiva dorraiyghingn Al dvdetagecssigp thef digiuweable akiddopmst ekarents 315,

etchin CDE). The step of etching the dispqgsable it .
316 g rﬁr'mtn%dééys%aegpgeq shenwal é%aaé%@m} RE DERS dTS ﬁaéféﬁt chemical
comGGIETE 00 AE€1h Ui AROSEELE Rt RS Gorions of e

deep Kt@dsBRArebyssan3 EX e do dr sdcond kBemichf satpsitacer Advarmsgtously the
308 together with an_exposed source side_di sposable
chemiggli eapeptier pf Breeit i chgngd e thenlirseslispye caBpewonsiodhe second

e 0L S5 FRR SESA NELL PARISr rcss

317, JAdvanivaeanals) gomplée. first portions of the deep
stressor recesses 317, 318 are forned by _a process_ of
r dglventogeongy, dedipingiemical composition has a flowing “gas of HBr, O2, He,

CI2, SF6, or N2, either individually or in combination. The gases may be passed at a flow
rate of about 5 to about 300 scem; at a temperature of about 30 to about 100 C; at a pressure
of between 5 to about 100 mTorr; at a power of about 20 to about 500 W, for a duration of
about 7 to about 200 sec.

Advantageously the second chemical composition has a flowing gas of CF4, CHF3,
CH2F2, or He, either individually or in combination. The gases may be passed at a flow rate

of about 5 to about 300 scem; at a temperature of about 30 to about 100 C; at a pressure of
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According to the second enbodi nent of the invention,
t he di sposabl e oxi de spacer elenents 315, 316 remain
following formation of the first portions of the deep
stressor recesses 317, 318. This is achieved by
betweBEHT1OraBLNII 0 HELACHE ¥ §oRRAGT hvdut 20No .ol S W;0€aSS duration of
The sel ective reactive ion etching process is directed
about f ¢o ebwih 289 kéccon and not silicon oxide. FIG 3C shows

tr Eﬁ;oat]); gf(l:(%vii:s; ﬁleg%ctgl%hg‘gbq%?@)?:ig/g\f@%gv&g ?kéﬁs gue }Sg:{ gstegi é’,f etching of

exposél Breas BEIHEI sEPASADE @ OXhelQirBRAGEHs 6f QOMAL SesdltIn ikl Brmation of a
may al so be referred to as sacrificial spacer elenents

second pbrtioB 16 .a dadp arnreg)stoessdryrecdse 34Y spbs abiree oxtegrorsraesdr32]; and a
| enent 15, . 316 _are renov. b .process of
seoon BEBER oL L570 RERT RGO RV dB0 acFy et haoan Spesaite
OXiqdEnSRBEQY, 1B QIRIRE SteBd 6 ctcRAAS aRIRr LAARY @GN DY process of reactive
changi ng a chem cal conposition of a gas froma first

ion etdhepiiced a goorposfitst orgmiodedmipnsitie reacti ve i on
et.chin racess,used.to.formthe first portio t he
asie fRel i bsge s ShidH My g persSorBRbi TRe arR A formed
are ek‘gg h 0% étblﬁﬁ‘ﬁq, g&gﬁﬁéﬁsa%?%@h erh)gﬁ?d ehemC@hn ‘é@s{&?@? kit @Bstrate in

e gas anged fronit Irst chem ca

whichoheposkdi carension trtresse 68 hdB 22 cheformed, thodgppsirtisontontrees 319, 320
the formation of t first portions of t en,., . :

are ofgy Jepdngraiptbaad Off]gﬁtrem B S o ?fzc bt tsswts in the
. iahgt ] it 4 Arce r

3 SUSRUE 3 NG GRH gERTRSSLL L7 i s e

325 hiswliledpduadct yecess 319 andriionaticarnsidineccgmsidd. iy dbgn recess 326 has

passed at _a flow rate of about 5 to about 300 sccm
a deepydrap reeirh a7 Qnt 2B gHeRONIECEH3About 100 C at a

pr t - - L:

PR RRfouaY, BEHEEN b Byttt oSt SR feecl st bave o
depth tfna biswilt 22000 skt 6Advankagaousihe ddper stihondurchentensadn recess is

conposition has a flow n as of CF4, CHF3, CH2F2, or
advanfggeowsily fiem abpdi NOd apeyy 539 iNgSEGRDI nati on. The gases
b d.at f t -
TP RRRARE B el DR TPl O3 b BB Gfrions o

the de@p Bir&86UEEes8ds 31943 deiraaed blyanabButrofiOetchilgpiocesd. a
power of about 20 to about 500 W for a duration of

alboaiternative eibbedimen thedisstmagtionsisthewkeep wirespr (rRoetsee are also

aof FIG .3C foll.gwing the further s f chi .
formed oty bRl Habd oS Ao eV R OR s may e
used 9ok 8RIMS MBSEdIndipdridie of BleMREp SFesddrsa second
portion of a deep source stressor recess 319 and a

s b fisthee slienaiverenmdimentg Zach ahthe gecestes grrdetplesic ysgg ¥ isotropic
drain stressor recess 320 and a drai n extension

.a dee
etchingguaEss. 3 oo

FIG. 3E shows the structure of FIG. 3D following the steps of selective epitaxial
growth of a second semiconductor material in the stressor recesses 325, 326. The steps of
selective epitaxial growth of the second semiconductor material result in the formation of a
source stressor 327 having a source extension stressor region 327A, and a drain stressor 328
having a drain extension stressor region 328A.

As in the case of the first embodiment, advantageously the selective growth of the

second semiconductor material is performed such that growth of second semiconductor
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Advant ageously, the further steps of etching are
perfornmed using a process of reactive ion etching
using a gas of the first chem cal conposition. Since
areas of the substrate in which the deep stressor
materBE6ERBESNIS Wer Sdfdsal QurfResad sutdtrBle€2ROSEE topo@laphy B the upper
conditions for a longer period of tinme than areas of
surface lgan Salvantralted tiynasewti |acihg€ fenparaterssepitagiat giosytgnd/or switching of
SS 21, 322 .are f he, .de f
s 19 GeaRTEgrdory 586" Ay IR Ter RN GR B R et
Ofu ki@ mdtd, ?§§ Qlso QUVANSIcOls ﬂﬁgtk@@%ccﬁﬂ]serrﬁc%%duafm ®aterial is doped
results in the formation of a stepped source recess
in-situB@Bh ardppants t Asp pdschnthga o nt-el@e depiB2 &, thThe sepetate dopast ggplantation

our ¢ ss, 3 S

step I aRERT: (BEReTOTo e YRESIE o doah e Dniguafify witpinpg stressor
may BT @bf 5165‘6@?%01%?@26@“931@11@'&% Bas@ T ipl BatioB CSEpan2- More highly

Advant ageously, the second portion of the deep source
aanmﬁﬂse&seasdﬂmnm@@onQHMawéoéwfd@pﬂﬁwﬁhQMﬁabbmt$®0®pﬁ®

a 600 . Ang The, th of th our

" LBe sampe TS Tgestist R R oMb B EB0 PE S B Lesors,

may BEOSESA BhroMANLAGE QS  WIRnREVESS He &%ﬁ}%@ﬁi&lﬂo% the second

recesses 321, 322 and the second poftions of
sanwsmhﬁﬁsanmmaﬁesmgéxﬁvmﬁﬁ,ﬁﬂﬁnaeamfﬂﬁﬂﬁd byaaﬁwmclahmnMHm the

ani, sot C etchln process. |n alt atlve
comp QDT ERES! THEN R ek PsE sfrithe Fefetiimals assogpentration of

dopan ?ﬁ:ﬁrc‘t?@rce ?51%0?11 of QacH FHEA t?erﬂl?f@ﬂc S L dﬁ;{o%moﬂg)f dopant in

roces at case, the sane etc I ng con i ons may
ahnwb@onuﬁﬂdkﬁdxﬁﬁﬁmnthe first and second portions of the
deep stressors. In further alternative enbodi nents

e AEheRIEXY IEcoe@a cfsthe cxpescdrbHas i tHe Sa?ﬁtwaéfotsr%f%med prior to

e G PUTRAPRERT S 16 Spo 7B SRS G, SHLMRALES A B e
The epitaxdy wegendissenaandust @Erﬂjﬁlﬁﬁr usilg hydrdbdem Sior E!SS(BIIF) either in a
recesses 325, 326. The steps of selective epitaxia

gaseoyy okl soluen &uppRe g@rﬁoaﬁwu@ﬂ Of steas @M %hen%léfémaf mlude HF
ina g,aseoug §{ l@@lh %‘m? f Pre} t t%oslé[c%ﬁvé 1&%&2 Erfigtg e%teﬁ may also be

ensi on S ressor

per for‘ﬁieﬂ&ﬁ 205urd 2fod favitnepirx it %y@rs&%& fngkedNThE p%lﬁe(ké step@h®ninclude
8A. As in the case of the first embodi

the stm@fhlue@ge@@wemn@a@eq acthievangsr Gow Hbept THEC 16 6l 000°C for a

onduct eria e such that growth
dwﬂuB?“&&@éﬂHw gﬁ?gg% (yth)T%mgﬁggfﬁgﬁ;occurs on?y over
em@saﬁﬁbléwétﬁﬁeﬁae@é dﬁi:lh%tth@t;ﬁe-g% stb&nﬁ}O@@cgﬁ(&pBYh}@fogen (Hy)

the upper surface can be controlled by use of a high
atmospberper Altametieqly raxittakery (Onk Mrra)ﬁm%@, BWRIgeN| avggogithereg s another

atmosgbgr\éﬁggg%lgﬂ 5,2'61}0 Xéstah o qu ation%5F %thl kf)lydrlt%ggn(:“rafc'mospgere and a
nitrogen atmosphere. Advantageously the pre-bake step includes a hydrogen atmosphere.
Advantageously the epitaxial growth is performed by chemical vapor deposition or molecular
beam epitaxy. More advantageously the epitaxial growth is performed by rapid thermal
chemical vapor deposition (RTCVD).

A conduction channel 329 (hereinafter referred to as a ‘channel’ 329) is defined in the
substrate 302 by opposed ends 327B, 328B of the extension stressors 327A, 328A. The

channel 329 is subject to strain due to the presence of the stressors 327, 328, and is therefore
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Furthernore, it is al so advantageous that the second
sem conductor material is doped in-situ wth a
dopant. An advantage of in-situ doping is that a
separate dopant inplantation step is not required.

also réfefrbd1@F APS Estralitd dMBh{DT MALYmefivalRRBO Vi GRRE e Elainh€MB29 may be
Wthin the stressor my be nore closely controlled

definedhigin ailiceieendaoé thé exigpbiantsiticbon rediogfopant. IXbhetogether with a

e L AL, SR P AR O R 308 o
towari@ahe:dr}}ﬁmﬁﬁ BeS 3RS a édr?géqﬂghﬂﬁ)ﬂéb fpBgerpr ati on of dopant

e stressors, e uni formthroughout each
sThessace siksser AT iané|the drdie stresspnSEt ineay of farmedswehribht their

seni.conduct o terial .may be varied w.thin h
upper SRRLES A 1SIPSTRTY G oF AL £ VR SEhG U2 R GBF  eBfirate 302
Aiterrf%{i\rg?f@l@tsoiﬁﬂc% hirBss8AGR Ble" GMOLreIRY E MBIrh&Ibeyfodl a level of the
exanpl e, a concentration of dopant i'n an uppéer
surfacpd¥2idonf dfie edwstraist ¥Wssbues nemylting idi € fasansoufecoamda drain structure.
. _conposi tion of dopant i | owner rtion af each,
Reised potlseistd drpn SpyiieR o B PRYAnEE P douRp BEGUTENrT 5 cgleneed
o _ i . g )
oINS 8ol SRR, AILGE b et s e
in a r&pss xnad bratckinigals mteynthgdoas placstressoT immmpbt &y ymplantation (e.g.,
) preclegn i s advant ageousl %Frforned usi ng, hydr ogen. o
implapip(igh PAGS(PIE) & SUPPRSIOTAISK TASEHEEYR Ty P SR Y iU Auperior
_ . ; ‘ _ ; { .
Y [0t 5L PO SRR AT ERLS fmaion

due tetkertd Y& @pifilaconabl ¢f Builmtatiorpererdiakia tht egend\stratseo formation

. be perfornmed to ensure good qualit pitaxial |ayers )
by unakaetaﬁav-nétdwﬂ}rﬁfeCOwS@-tw@@r%%ﬁﬁq Hay emhedilias offae Bieapy mvention

' 2.1 n the range from about
ﬁmﬂl&%U%ﬁﬁ%&g%g%?€@8%§gﬁﬁéghgﬁg%uration in the range of
alpgiboddn&ec aidthet preadiouinvetion matve eed igeréinbéferet described with

at nosphere during the pre-bake st;g may i ncl ude a .

referehgmwofgé is¢ P hardapssbslares.e It wilt e Hadarsierd that pther Bggen of masking
. a ere, or another

mymsgyﬁ%gﬁﬁgggaﬁgéﬁ%%&ﬁgg%?8§ggﬁgg§93 conbi nation of both

amﬁﬂigﬁ@.ﬂﬂh@ﬂémﬁ%ﬂﬁf@daﬂﬂn@ of fiit B EaBbH)BISPRErde “comprise” and
A@Xantageously the pre-bake step includes a hydrogen
“contain e erations Advihavegdo Uer yrapiec cppmansing grbygdingreses”, means

“ er f.oormed..by, chem_cal. vapor depositian_ or | ecul -
et Rl R TEE 1 R a5 i AR Rlso R b B0 T o,
additibés, Qﬁﬁ%&{eﬂﬁgin%fs%@is@p&.her mal  chem cal vapor

deposition (RTCVD). A conduction channel 329
( Adravighaiftithe desefipiigreend daigss of thishpeniiédatiogABy singular encompasses

defined |n the  substrate 302 by opposed, en 327B.. .
the pigSh G IR e AEPR R PuReo B SRR S5 nE i LRt arice i
used, S{t2gREH ARG IsStoYeRIRBEstdAA &t dodteh il Nuiai®y & |EIEAS Singularity,
of the stressors 327, 328, and is therefore 16
unless the context requires otherwise.
Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be

understood to be applicable to any other aspect, embodiment or example described herein

unless incompatible therewith.
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also referred to as a "strained channel'.
Alternatively, the width of the channel 329 nay be
defi ned by adjacent ends of the extension stressor
regi ons 327A, 328A, together with a blurring effect
dpghileqhéidvketisdORasHeetl dpafibad ff @midlgo®xiBsipetific best mode, it is
stressor regions 327A, 328A toward the channel 329

to be gnderpigod thaibsenueltarnapiekemadifisations: el vardiosy (rilbe apparent to

t.r.essor, 327. and .t drain stressor. 328, nay,. forme
those ST i Fr i Plbe o B S Rtsbe B S ERlo ATR Ry §¥Rendea
embrac@Bl1 308 aMérhitivds SMbdlifiesicHR 2dnd0Vartdiiens tas ke Bhid0Be scope of the
Alternatively, the source stressor and the drain
included robsimor Adymypitest hithertddesgorst! ferth dowin of shdven i thef agrempanying
.302A of, t.he substrate 302, thys resul.ting in a raised
draviggire © HATETERN 5 e fedurte aepebdiibh et and arain
structures have the advantage that device performance
i s enhanced. Formation of stressor regions by etching,
foll owed by deposition of stressor material in a
recess forned by etching, is advantageous over
stressor formation by inplantation (e.g.,
i mpl antation of Go into a silicon substrate). Stressor
regions may be fornmed with superior uniformty when
fornmed by the steps of etching and deposition as
opposed to inplantation, due to the need for careful
control of inplantation energies in the case of
stressor formation by inplantation. It wll of course
be appreciated that enbodi nents of the present
invention formpart of the stressor region by
i mpl ant ati on. Enbodi nents of the present invention
have been hereinbefore described with reference to
the use of hard mask layers. It will be understood
that other types of masking |layers such as soft mask
| ayers or others could be used. Throughout the
description and clains of this specification, the
words "conprise" and "contain" and variations of the
words, for exanple "conprising"” and "conprises", means
"including but not limted to", and is not intended to
(and does not) exclude other noieties, additives,
conponents, integers or steps. Throughout the
description and clains of this specification, the
si ngul ar enconpasses the plural unless the context
otherw se requires. In particular, where the
indefinite article is wused, the specificationis to
be understood as contenplating plurality as well as
singularity, unless the context requires otherw se.
Features, integers, characteristics, conpounds,
chem cal noieties or groups described in conjunction
with a particul ar aspect, enbodi nent or exanple of the
invention are to be wunderstood to be applicable to
any ot her aspect, enbodi nent or exanple descri bed
herei n
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unl ess inconpatible therewith. 17 While the invention

has been described in conjunction with a specific best

node, it is to be understood that nmany alternatives,

nodi fications, and variations will be apparent to
CLAIMRose skilled in the art in light of the aforegoing

description. Accordingly, it is intended to enbrace

all such alternatives, nodifications, and variations

that .fall within.the,sco of .th I ncl ude lains, ..
1. A o af oopiag YR SrEREr Baliv b FehBF ol R Euf Minmsing e
steps 4f1€ acconpanying drawings are to be interpreted in an

Illustrative and non-limting sense. 18 CLAIMS. 1. A

metrimdel Dfouf or siiepyr scostsraimpeidingiadene kourcaresesstaod a source

structure on a substrate, conprising the steps of:
extenyf} 16FTY a source stressor recess conprising a deep

S QUGS 4 BQESRrcB r&eSOMNERIsid R PN FREQSHd al REileR@nsion

a draih stressor recess conprising a deep drain recess
recessam@l a drai n extension recess; and subsequently

form ng §outce stressor in said source stressor

r SEESQUCAY IR PPUred TS5 $410 SOHI P YRR IEEPd gy drain

stressbiGf 858 drdin stflSorTebdied as clainmed in claiml whereby
the source stressor conprises a deep source stressor

2. Th? ﬁi@%g‘gﬁs ?cf‘pagxingd FeULGSr GALRDS .%h%nsoﬁ%frg g%gsgér O%I;risgpa g%%})dsource

ressor conprises a aln-sstres

stress@ P fi@Nar@NGscArdd ekt dhsioN sRESOOFLrE6, @88 Bic Rfihtstietor SomPmRs a
method as clained in claim?2 further conprising

deep drainrsimggotipepion oud & dradhextenseqn dicajon postodessor portions
having a depth greater than a depth of correspondi ng
3. Ths oetieel @nthidedimclaiex? énticocorspiisss trmpgy ddeprsurcelandldeep drain
met hod %g cl ai in claim furéher conpri si ng »
SUCSSPIFORI hgvieeAich ererisiihet @ ferthe PRI PR RESFgang rain
eanﬁﬁﬁﬁﬁggﬁ%gﬂﬂ%g_drain ext ensi on stressor portions. 5.
e ne

as clainmed in claiml whereby the step of

form source.and drain Stressor .recesses.|
4. The Mediys HYmER LT arahs Nather RPN R TG chagig) between
opposBPeNE® JTFhd dRR% b dD. cRiURss t@soroeddhsl espect i ve

source and drain extensi on stressor recesses are to be

5. Tl{eq{ngﬁ g o8 ClF&%?r ELAgd; %eée'#?ittla@égg% E? gderﬂfélgﬂ dé)umeeﬁﬂq}fain stressor

he step o m ng each
recesses is preceded by the steps of forming a sacrificial layer above portions of the substrate

where respective source and drain extension stressor recesses are to be formed.

6. The method as claimed in claim 5 whereby the step of forming each of the source and

drain stressor recesses further comprises the steps of:

forming a first portion of the deep stressor recess;
removing said sacrificial layer; subsequently
forming a second portion of the deep stressor recess; and

forming the extension stressor recess.

7. The method as claimed in claim 6 whereby the step of removing said sacrificial layer is
performed contemporaneously with the step of etching the first portion of the deep stressor

recess, said efching step thereby removing the sacrificial layer.
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drain stressor recesses further conprises the steps
of: formng a first portion of the deep stressor
recess; renoving said sacrificial l|ayer; subsequently
form ng a second portion of the deep stressor recess;

8. Thé‘ﬂﬂ:th(fdchrs Radled BECIONt 2RSeRiin Hels@pSATetdh@peRfd {irét poktien of the deep
method as clainmed in claim6 whereby the step of

stressoraaeys eanprases! theastapis off siolibpik gleding ssid §HEpT0b FIpesh.
cont enporaneously with the step of etching the first

9. Theohtthod astldihed deelpirs 8 ebaom saidstes of isaiogicettahingigomprises the
step thereby removing the sacrificial layer, 19 8. The

steps Hgebye # €fhiNgred in claim 7 wherein the step of
etching said first portion of the deep stressor

10. Theostwdgerpinsdsn @lh@n %wémel@fheuSéfzptqfdgmméﬁ@lﬁ|Sﬁ@g>n§moa10n of the

tr
deep %é&?}i?%%@saqr@ @? é‘ﬁp &f -E?%% &5: ee(teéltslgﬂl %assgg%ﬁs nglp{lﬁ%s the steps
Ofamgtl%@gc Qfnhifgactive ion etching. 10. The nethod as
claimed inclaim9 wherein the step of formng said

11. Tﬁ% 81%%{1%?0 ol QB R’{ Eétlﬁ?l ARERPHESR E%[f aﬁﬁ&? c @fagln% I?:@mprises the

rm ng ex ensi on stressor
SWpS@@ﬂ@ﬁhﬁ@ﬁlﬁbﬁngteps of ani sotropic etchlng 11. The
method as clained in claim210 wherein the step of

12. TRRISALEPR Elah@NinNDaiGOMRIHESS tHehfep 8 BRI sdi® 86k ip¥Rion of the
ion etching. 12. The nmethod as clained in claim7

deep sthvevogireresh domstieg saifl stamdipegieadidhé degr stygator irenssofnd ﬁﬁémmg, the
deep stressor rece orn1q%fsa i d second. porti
d

extentfie, SHEUP: SESLSGT oRRUEPEH A SRR RGPS AP obig) 8 ormed by

mo“o@k%§§ recess are all perforned by_anlsotroplc
ching or all performed by isotropic etching. 13.

:SlEE% s (F(P %s aﬁ?lﬁ‘leél gﬁeplagxﬁln lgl (ma}g\ th\éhﬁﬁ)gﬂreﬂe 1Qeformed from a first

els torne sem conduct or

semicBRdREdrahatbaMi Mgig & ifr&tnatahlUladticel @hbtagteaRionstsapt ofafodming said
the step of formng said  stressor conprises the steps
stresseyf cgrmpiisenghe stags rdcdliagwiaich r@&@%ﬂeb@hdﬁ Sevngd owarangpctor material
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od as c al d | aim.13 whe tep of
4. T m?ﬁgfr an P i B QsBshie S b HCEgH oo With second
semicBRAREd at'l‘tat%ﬂQTpE Jﬁ@“f’sets hee %¥G§Q§)fq{1-slltﬁ iplih gﬁ@'s@%rﬁaée%tconductm
second sem conduct or terial : e net hod
materzll.ai med in claim13 wherein the step of filling sald
recess with second

15. The method as claimed in claim 13 wherein the step of filling said recess with second
semiconductor material further comprises the steps of forming a raised source stressor region
and a raised drain stressor region, whereby upper surfaces of the deep source and drain

stressors protrude beyond a level of a surface of the substrate.

16. The method as claimed in claim 2 wherein upper surfaces of the extension stressor

portions are substantially coplanar with the surface of the substrate.

17. The method as claimed in claim 6 wherein the step of removing said sacrificial layer is

performed subsequent to the steps of forming the first portion of the deep stressor recess.
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sem conductor material further conprises the steps of
formng a rai sed source stressor region and a raised
drai n stressor region, whereby upper surfaces of the
deep source and drain stressors protrude beyond a
18. Thevetthed adclaitiddaidecioin 1 hevietdds tHeadtep oflfemoiigy sl bewifidtal layer
clainmed in claim2 wherein upper surfaces of the ‘
comprases s steps &ft ghenging a pBIPEBHAL oape eslitrytugpd (aptely the first portion of
surface strate. 17. The

copl anar with t.he f the s
the defR B ERATL o MRS MOhATE. B tASAHRN 21 T
emovi ng said sacrificial layer is erf ormed
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of the deep stressor recess. 20 18. The nethod as
20. Thr motees! asrclaimed in thimHdrehgieinibe step pf Sfrmiegriaid Aigst partipn of the

acrificial |ayer., conprises.the steps of changing a
deep GRSb LT TSR G P Rep HIRLGPE ST Che r v st

i f the. dee to th i .
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¢ ;%5??@'&9t@¥ﬂl”‘18 wherein the etchant is provided in
Seps?%e orﬁ1o? é as. 20. The method as clained in claim

7 erein;the, st of . formng said.first portion of..
2. Th GG A PR B E e L SR B SRR it BRI ltion of the
deep ARkSRUEQRR SnBleRtdpdh BiminEhBe PRdshatxamsbhatdms cofprise the steps
claim 20 wherein the steps of anisotropic etching
of anigrgpid gehinghle steps of reactive ion etching. 22. The
method as clained in claim21 wherein the step of
23. Themnmitingl 4sheaised andiapon ¥ ivdrrad tieheeps dé epissttopes s@hing said stressor
recess and the step of formng the stressor extension
recessGOpHgise SETRRARVSIPBEENINSF “ani sot ropi ¢ et ching. 23.
The nmethod as clained in claim17 wherein the steps of
24. Taainsthadopsi daisved i plging 4P dvisreie dwottepsrod desaing onpriirgeottian of the

teps of reactive,ion etghing. 24. The neth a )
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portion of thé deep stressor recess and the stressor

extension recess are all perforned by anisotropic
etching or all performed by isotropic etching. 21
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