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WO 2008/ 042140PCT/ US2007/ 020588 STRESSED FI ELD EFFECT

TRANSI STOR AND METHODS FOR | TS FABRI CATI ON TECHNI CAL

FI ELD [ 0001] The present invention generally relates to
wetrnessedefield effect transistors and to nmepEpdsh@Rosss

their fabrication, and nore particularly rel ates

t S TREBEHYEELB EFFRGHTRySYSITIORANISHE BEQRAIIGR HISHFABRIGAIION

transi stors and 5to nmethods for their fabrication.

BACKGROUND [ 0002] The nmjcawicty r@ippr esent day

[ ntegrated circuits (ICs) are inplenented by using a

{Oﬂﬁl&ur "ﬁlel pti np&wehtwﬁ %gngrglggg&% ?oq;trgsézg lilgd Sf gt?ﬁ% lst%lrs %{ﬁ# L‘?iétl%rgssfor their

sem co nduct or
fabréc‘mfc)éﬂad W?rE\Pf’étf"glf“B’rr@a[‘tswm)ﬂ1”‘0(’5 l{,engiixw syesmgﬁeld effect transistors and
to serhadiSir o fubricatdn FET i ncl udes a gate el ectrode as a
control electrode and spaced 10apart source and drain

el ectrodes between whi gdyggretgnt can flow. A control
voltage appl ied to the gate electrode controls the
en the s

ool R S B SR G G I PR+ Pt of
integraipertad yield effdciendsistys FERS), elpoamided ondiire dasreéofdgu fiell gffect ransistors

(M@S’Hﬂ'p@ rot' tuﬁ;ﬂﬁMOE Qdﬂﬂlﬁ@rs R bi; 1 llﬁ(tllME‘;Qifg,d[E R&.wbR]aOf dotﬂ)ﬁi &fddk &l spaced
| st.or hanne rrent c

apart sourcE) aqd d{am € e]gtrodes b%n Wh!C]!l i ﬁ,urr{:né %dnlﬁgw f\ 6Bn(slaltvo%qqu-a§)plte8 tot P]ee;,atc
e'e%dea ﬁ@c‘f@ihm@twaﬁ guerert rhmsﬁl atchpenev\hemew tl@fsoutch endglrartiedodes.

di vided by the length of the channel 15 (g",WI).
[00BETS Tigrgein oS &L T, ysuhigakiineatyat 1Rcoiueh@ O, S 1 BShorah@ G thinlobility

of 1k l(m}é?%) qaﬁircxy ﬁtﬂ@l a&g{oﬁaﬁﬁn& SIH(! %uﬂ'grf ca(l)nj; nE Eﬂéﬁ)l]ilyo(g} an Wg%ansm%r is

conventlonal for silicon
PORSEREY odP ERTALTGRE, imehie H’B!Blof fhg 9’19-6?' HGfed $y the fragth of the Channe
(EnW8)} OETLa @y fa@fcatedbnailiédn &mammblthRE'DOXdﬂEElT)g;aptﬁiﬁ&fzJ@@onentatton

wh:!:MQJo%§t%gal l%ysﬂﬁgtpdeéﬁhnﬂgy aFoFQMd%rT«} Dthr ( an?zQil)Js qg: d&@llh v of holes, the

to_the channel. A conpressive longit
mig 1y S AR “HeL PO £t ' HELHARAEl 5 PTGy s sress
10 tigrdvackdi Agoremmesevepapididing sist @ bealpplisdiohheaBanpxs ef BN D epieiidng an
expaﬁhlg?métiﬂlaltsb@ a$psbldGRAIRWRRL K AL &icB subsPfe £ B 8naPf tleM&hnsistor channel
[Fort examp?c,, see HIEE(H]ectmn%ewce Letters v, 25, No 4, p. 191, 2004}, A silicon germanium (SiGe)
crystal has a greater lattice constant than the lattice constant of a silicon crystal, and consequently the
presence of embedded SiGe causes a deformation of the silicon matrix that, in turn, compresses the silicon in
the channel region. Although a number of techniques are know for embedding SiGe to enhance the mobility
of majority carrier holes in PFETSs, none has yet achieved the increase in mobility potentially attainable with

embedded silicon germanium.

[(0084]  Accordingly, it is desirable to provide a field effect transistor having enhanced majority carrier
channel mobility. In addition, it is desirable to provide a method for fabricating a P-channel field effect
transistor having enhanced hole mobility. Furthermore, other desirable features and characteristics of the
present invention will become appareat from the subsequent detailed description and the appended claims,

taken in conjunction with the accompanying drawings and the foregoing technical field and background.
BRIEF SUMMARY

[0005] A swessed field effect transistor having enhanced majority carrier mobility is provided, The
stressed field effect transistor comprises a silicon substrate with a gate insulator overlying the silicon
substrate. A gate electrode overlies the gate insulator and defines a channel region in the silicon substrate

underlying the gate electrode. A first silicon germanium region having a first thickness is embedded in the



10

15

20

25

30

20 [For exanple, see |IEEE El ectron Device Letters v.

25, No 4, p. 191, 2004]. A silicon germanium (Si Ge)

crystal has a greater lattice constant than the
watidok/cgioonst ant of a silicon crystal, and pcr/us2007/020388

consequent|ly the presence of enbedded Si Ge causes a
siligRef WSHEY 17 HORGES A Ehage] egioh  freeaefdsiicpragermaninm tregron having a second
thiGORPEress B thd¥@st HidkheE:Bd ipiced RRn GHA BB EllandeR@lidNs aidlchbautdhh te
silifonhgr of techniques are know for enbedding SiGe to

enhance the nmobility of majority carrier holes in

PFETs, none has yet achieved the increase in nobility

[0008); & Afinas|4f ?&i"fi%ﬁy TPrelRrieating & Hrepiditldeteretrngiarideviny enhanced majority
cargj@ ity UThe m[:l&@@éh]upﬁﬁbc orralhggsklgon o insilor El@Sidate adMpBsiteQ layer of silicon

on IQfa@M'oﬂﬁsthofé s‘i:hc&fslt}]tgﬁ;:fte tﬁ[ E!:%Sta'lea;ogg is lt%%{édq,ge; l?m?@pﬁ%g?f silicon. A

carrier channel
B aﬂw%\t}wa@ww@r Fft‘iiﬂd‘%‘n““’fhab‘l*‘i% HY g aligned i e e
elefrod annehd fipeltddogddfsgictn germamss Bicols chlavilngmenkameark hiodnGayer

and BRE bdomfildptd\@LgRL e, other desirable features and
ﬂfaracterlstlcs of the present invention will becone

apparent fromth [ led description and
t he appended claﬁW@HBéggéﬁgﬁ gﬁ%@%%§ﬁﬁggﬁon with the
acconpanyi ng draw ngs and the foregoing technica
00p7le| d eawae%awgqﬂwhgerei@m@ﬁ ISR YO[O0DE A tt fllsgerawing
figfrésphidrefifc@Giherdly iR 1i8d dMmeh@WidR@ergmhanced maj ority
carrier nobility is provided. The stressed field

[(}O@Et]f e(ﬂG t1 Qdﬂ%héﬁ)p husE&J&'ﬂﬁ !:r§§€ %ec@on zi 1l e\dceﬂr&t lﬂgiﬁr I?%C%O[‘%ﬂt(: w:tg‘ one

ate insul ator ‘overlying the silicon su
emi g PSR | es the gate |nsulator and defines a
channel region in the silicon substrate 35underlying
[00fHe GHISE-Iebabeatiatieliusiatd, inregihs sdtibi, eethodgepsifanlicidridaggioOnstressed

fielM@¥biRGhs@or i L8k dakch vBKABSEmdnS oﬁﬁ@ﬁ&i%ﬁ! inthe WO
2008/042140PCT/U82007/020588 S|I|con substrate and

[Oﬁﬁﬁnt @%%4 Hqsghe%hncsﬂlﬁ “:‘Hustratc Qn cros.s secuoa, n{eﬁ (.p eﬁs tjgr the ‘?)8‘6%(@ of a stressed

eérmani umre
ﬁel? HEf prsigorsin %@fdaQChwﬁkfwévg@mamneg@afchapar tndf r om t he
channel region is also enbedded in the silicon
{008l bs FIGAL ©:22[10006] iVebh odsoramehqrseyd fdefibiong § aRistCRinkRg field

effele 12hs(sBSIR ?cgor(fahc% Wh %ﬁt@%w&ﬁ%ﬁdt §1L Ql(fellnﬁv Ing en hanced
majority 5 carrier nobil . The nethod conpri ses

formng a silicon onIﬁQﬁH E&Emﬁygg rate conprising a
I'h

Iayer of silicon on a 1aye Fator on a silicon
rate. A gate electrode is formed overlying the
[""}%yeifhe&r"ogm flebdyd despringipry ig prerein S pRey & g ord igyet imgimledimlimit the
invdngyer the Splepiot ax uad dfyhe @vbeed etittcith @, thdads &l ihtknEo Be&:&ﬂﬁxﬂ by any

exp@ﬂgi @lz:hlgiEheﬂeoW' ];régentch]% tgf.a]g Fcacﬁrtgetgc‘h&&pﬁdld ﬁackc'g %Fcp g crfrb%@alg CYY the

i con germani um | ayer 1s faxial
m“?ﬂﬁﬁh?ﬁgmﬁwwpﬁon | ayer and spaced apart fron1the gat e

el ectrode.
[0013] FIG. 1 schematically illustrates, in cross section, a field effect transistor (FET) 20, specifically a

P-channel FET (PFET), in accordance with one embodiment of the invention. FET 20 includes a silicon
substrate 22 having & gate insulator 23 formed at the substrate surface. A gate electrode 24 overlies the gate
insulator. The gate electrode defines the location of a transistor channel 26 at the substrate surface and
underlying the gate electrode. A shallow region of preferably undoped silicon germanium (SiGe) 28 is
embedded into the silicon substrate in close proximity to the edges of the transistor channel. A deeper region
of preferably in situ impurity doped SiGe 30 is embedded into the silicon substrate at a location spaced

further apart from the channel region. The two embedded SiGe regions collectively impart a uniaxial
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10BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] The present
invention will hereinafter be described in conjunction
with the follow ng drawing figures, wherein |ike
waumeyabgo denot e |i ke el enents, and wherei n p@8Q81H/(@ss8s
1 schematically illustrates, in cross section, a field
COgPpepwE By QArBInad Eaion 76 Bcwstebi s e 3 Hheomianesprive ik bf roority

cardlidd @olds VB dhb @ T&&m@@&%kc@m@mﬂ-ﬁmﬁﬁm FEE&B('I 1§‘o§tli me thc strtss inducing
mq%enjmllj ll‘ﬁs’c 05¢ ‘Srgx‘:msgvnto (Ph 1nne‘?ec%§:l1 Q)ut’ ecd\use n}us Si on 1s un o%e there are no

foa Sstress anS|s
ddvafé%%ﬁe%ﬁ*@eb%ﬂt%m@wwcm%ewsmh@d|hﬁv@¢ﬁ@wa@m device short chanel
per[o@ﬂﬂ:@] FileG&pd4midda cinemgtringdd Vgidalid dﬂ‘e‘&nbeﬂﬁ @k,ert:in@str@sfs @8 &e channel

regt%xg %e argﬂ:\ dtypytnlg gsdsga?:%dea {c’rt FEo%rthetLpan efl anQ mus avmdq cg'amel enéroach:fuﬂ\t and the

stres ransi s I'n accor
Imppgify (4P SEYEh P Bt S@““%Ff34taf‘fbdf4’m?tﬁe)rﬁthF gtpsistein A’ GO I EIGS, grown
epithQal RiBie thhtlisus tik adped withboGi Gﬁixa&ﬁs B}i R hdditioR b dnp‘étn@ @(fpmfg @I such as

P-
dlb£ 91@(0 tge%%ﬁa!?g g%wﬁtrgagéxgszgagees agvl ?Enggnt?non %Eill)e ;l“l% z%m dnpuntﬁ {jopm]g saves

transi s I'n accor
a PrOsEsiEnFEnt s SN PETANRED DE%F@‘WPW‘F%& 2{ Yhgn s doping. lon
implo0ttiod W signed Sitatekied neheisatiepd dfied of c&mﬁ@(hﬁlely:caﬁ%%l’mé GV inldhR SiGe

reglgﬂt lf%i?xat%ﬂqr the su@qtm hpg rg)n(gd%jreéson detg%}ics the mob1¥t¥ enhan@emeenttach?er\]'ed by

appl 1cation and uses o0
the Ffﬂficf'%f*ﬁﬁr*@uc"tgﬁﬁﬁu@s i By 56" 49pinene] tf@ﬁwe awrmwﬁ@s b‘y nggp jor fon
impEX(NE 688 &g io®ris ¢limlaie® thd tHaeOinyasPrieEenh @d citrdde 2Pk @GRERY In

acc&r@a}?&% ﬁaatm efnf)og‘ngmt JP@@KW&QHP%&E rporblhg/f qﬁ@xgocrhim%g%f a PFET is

| 1 owi ng descri ption.

e“h%“é%’ehﬁéﬂe “8‘&?‘?‘”‘5‘/ eﬁferc s 35t fha'dogscf%ff HORUpI L8do K Gegigiongpositiqagdgn close
aligafidnewth b anselgtrote aGFBT) d0kr ispeabfed GBleIrygioa that is not relaxed by a
source/drain ion implantation. As explained more fully below, PFET 20 can be formed in a bulk silicon

region, in a thin silicon layer on insulator (SOI), or in the substrate supporting the SOI.

[0614]  FIGS. 2 - 13 schematically illustrate, in cross section, method steps in the fabrication of a stressed
P-channel field effect transistor 40 in accordance with an embodiment of the invention. Various steps in the
manufacture of field effect transistors are well known and so, in the interest of brevity, many conventional
steps will only be mentioned briefly herein or will be omitted entirely without providing the well known
process details. PFET 40 can be part of an integrated circuit that includes a large number of PFETs as well as
N-channel FETs (NFETSs), although in this illustrative embodiment only a single field effect transistor is
shown. The other transistors used in the integrated circuit can include stressed as well as unstressed

transistors.

[0015] As itlustrated in FIG. 2, the fabrication of a stressed FET 40 in accordance with an embodiment of
the invention begins with providing a semiconductor substrate 42, The semiconductor substrate is preferably
a monocrystalline silicon substrate wherein the term “silicon substrate” is used herein to encompass the
relatively pure silicon materials typically used in the semiconductor industry. Silicon substrate 42 may be a
bulk silicon wafer or, as here illustrated, without limitation, as a SOI wafer including a thin layer of siticon
44 on an insulating layer 46 that, in turn, is supported by a silicon carrier wafer 48,, Preferably the silicon
wafer has either a (100) or (110) orientation. The thickness of thin layer 44 depends on the type of integrated
circuit being implemented, and can be, for example, about 50-120 nanometers (nm), The iilustrated portion
50 of thin silicon layer 44 is doped with N-type impurity dopants. Portion 50 can be doped to the appropriate
conductivity, for example, by ion implantation. Shallow trench isolation (STI) 52 is formed to electrically
isolate individual devices from one another. As is well known, there are many processes that can be used to

form the STI, so the process need not be described here in detail. In general, STI includes a shallow trench
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P- channel PET (PFET), in accordance with one
enbodi nent of the invention. FET 20 includes a silicon
substrate 22 having a gate insulator 23 forned at the
wsubsd/siate surface. A gate el ectrode 24 over lpoessioigozosss
gate insulator. The gate el ectrode defines the
thaqipgehed ip the furfape phthprgniopdyptorsiamrand Dg isgtbsqtrat il vithat msulating

ma@hl. f’HQGTH]ﬂderab@thbkﬁdﬁfchgﬁltll'&gm(tkhf@s @%@h:ﬁl:l&ﬁﬁ LREB. uucﬂrlymg insulator
46. %%ég‘?w?éheg faf?ela r\rybtﬁ C? §u m dJI r ar?ate}( P]l tﬂe s.% ace i3 usualltlf(ﬁzg%n a%dr H)? exampﬁn e by

con’s
Cheﬁ’lmdsféc*ﬁ?‘@kﬁ"mﬁt&gﬂo'@ &MPhe edges of the transi stor
channel . A deeper region of preferably in situ
(0014 P UIThd tyectd OPeehuShERs Sk inFl@ TR thkethnde RitDart chBodgichic€@dlinvention,
by %Hﬁﬁ'g} d ?Ic?nsﬁﬂmr%él lxt%ﬁﬂcel 581f s‘?‘lQ F@g L&u rgn%gnrsulzg@ %E Ean i 9 mcgnh(gMc a

channe 1 on
“’g‘wF‘F°€Et°P'V‘é‘I' ;9*@%%% OaH‘F 1 & Ca"d‘éﬁﬁr”é@%“‘rsw @’t TEde Padt 1S
nmCitarnpedertriredicss w2Geg@ige thicidi ¢ attiec gy inanat@nveid/d%at hatators formed of
mu@ﬂ@ @?&530? e E‘a%e Mpzllrété Maté?itlls nﬂ&fqub'[); %\ftc ‘E@leﬁér g4 1sr§ﬂ!:0ﬁ§10kuﬂ: f&h\@d by

annel . The shall ow enb I con germani um regl on
the Bggiet gfien i aipad f\\ffbfﬁ%‘*eﬁg&aﬁﬂf‘éwfaﬁf S e s & chemical vapor
deppsitox (GHLD yr dnooftitiearigivantd ellemicd giporicpdsitién shdaaius eretsive SeditaGenpor
depsach Albch ), Htm @mczdnﬁénﬁca%gr BQoRRY WeeOpe LI :ﬁ&ﬁ:é FJ, QUn of the

" ﬁ ?qp cgo% ext ensi ons” and
¥ ed‘éij‘ e e EE S RoPT e D= § B ARG ERS mrpt 58 nd o
cappfeimer 60e ﬁrb@dbjret!je Sicllecrod fgemempreriahis dgiedpriegstalfnt §lidon degosited

by €D @XEHEINRG ofShEL B nRRnd th@caﬁmnﬂ@xj 13 LRg) Qnme %B&ﬁéd%?ﬁﬁd\ﬁd’ t0 a
hannel

e BRGNP SATED 54 SRS i Gy B iehupion o
silarpd Piti@ gndt tey sfligmmitrtdh e olgpasieed Jo caamgle.dhy bk rea@6n @ flicitidieilane (SiH,Ch)
andbb@Rsd, st or. The use of selectively grown epitaxial

SiGe that is in situ doped with boron (for exanpl e by
[oofgli‘e ?&dnﬁhocp&lmﬁues gy {termn%rliyctn)éf%lgpLQr%dcgfa {Tﬁ tmsa r:agifs agd c(n%umglaycr
60 tp dmiargpE AR ateiooAs | %S@&G - ‘f nTT& {t¥UIaseRS Y YetPytertering giched using
congames phdfitaprphp @@ssh Rgingtep Thbpﬁlyc@ttiiMenal.mneaelr MAabé fhed, for

em,lnae %y rama etcmpgolrsﬁgmb A94ant a,g;ﬁgstgfan& n,@ silifdn Sk dy CH%Q gﬁam etched

ng antation of strained SI’Ge glons

wsin4 3 B B PTG gty T e P ARat G e sehsiopn
silicomlapen @t St Gemeliggrions o drel axiatayanf difcot e e.alim tianiaehd silicon
d:o@mm%d—l J =t 'thQ:Q@ssql%&@@éi@@px&a?lhmeé Lel ki@ Dﬁbﬂﬂf&? m{étbase of gate

: HP ? ﬁ a g' strain i nduci ng reglons.

electrpe &t ¢ “’d‘ T“Fi “’8? YORYREITE iR o8 et B fhporlggfnaﬂgeqm@tem Gate

elechiee @2 flafines p opnnehrplica it pinlg FEK eseporiegeionissilicsn iafer 4 undetigd: the gate

elecdd. the strain associated with the enbedded regions is
preserved. In 15 accordance vvith an enbodi msnt of the

{aofsf‘vegfi_é nQerhod ¥n ?cor an CF ub h op{ehemfcodcn% t of e mv Pon c?n mue? asqmstrateg) in FIG.

I'S enh & tombihed
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a source/drain ion [ antation
by Lf"ﬁVPy* ﬁ%ﬁi*w“t@#ﬁwwe%w% s P lhr“ﬁaya OBH‘I'CR“ digxjdp éfbn
region, in athin silicon layer on insulator (SO0 or
[001|9h t Bierogiib siterat! @as ppor foimgastillvera®On FIQR 6 pOOketopita@Skichibg ayer
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| e
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“d6*“%h@‘ﬁﬁ§@ﬁf¥cﬁS”W@Pf%ﬂ§m§ﬁéb§*iﬁ“f%@“ﬁﬁﬁ&ﬁﬁ@?bﬁ@mbﬁmmg
field effect transistors are well known and so, in the
interest of brevity, many d@onventional steps will only
be nentioned briefly herein or will be omtted
entirely without providing the well known process
details. PFET 40 can be part of an integrated circuit
that includes a | arge nunber of PFETs as well as 25
N-channel FETs (NFETs), although in this illustrative
enbodi nent only a single field effect transistor is
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WD 2008/ 042140PCT/ US2007/ 020588 that is etched into

the surface of the sem conductor substrate and that is

subsequently filled with an insulating material. The
wovogrefier abl y extends through the thi cknesgcpiisioh®i0sss

thin silicon layer to underlying insulator 46. After
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th[cllnlasla Uﬁﬁ E Qﬁc%glayep 4/-!:51) ﬁiderﬁﬂ -mtﬁat&%er 4§yz§trica{t a ﬁxm por%ﬁrpoaf sﬁua)n ayer 44

usi ng convent | onal phot
rem; é’t‘?c’*h‘“f é‘&‘ﬁ'ﬁuoa wééccmrh@c pﬁlb‘l‘ pEpigiag %ﬂ“lof‘ ! Sgrwr PSc"’dwcwaaggelpyec@n the
subshere koWe df stfe@rindect@nesial abyxpmn&SIi‘m:wetHE&'&ksl’Bg 1M8dsﬁgf Aighali o but
spacQ:fapr;e?frg/atgglecQQﬁm b E}Mm@ﬂ%zotnlag silicon nitride can be
pl asma etched using a or S176 chem stry.

64 of gate el ectrode 62 and the exposed
o0 BBl L s 4 o oa f He el e 30

Wﬂhcmr?ﬂ% w@ems @atgwb% as i sweeds angledingofatesil 4. gom infiangi ngk@rig 82 can be
any gsB@otidaphit: tha@¥@ khaOdhn Sl érdvﬁa%ﬂ the 2ifcof| |la96,¥ kvdlea GARnDR i3 cénstﬁ‘rmﬂarnthe

iatttctc ta(l)n(s:tbrﬂ g[ss |c9 q’re% bly?he § ress Bcriu%ttne%gler 1s he sa gasg%d tglr;g)wP & tpe same

ma“@f’é bsasltrgsg él“d‘tch’é “}3@’]"\} (7,(7 y%‘ﬁﬁl ‘M‘“ﬁ’@ ‘S‘i‘qf‘P'(,gé ﬁanfhedm deanpéy gorogysipline
silicalePashite (siGdy hStHa SBGU s @D rcedoaldSrebh 86 i RAB). 3@23&0:111(: percent
gernflfil NP mcm@pgyl,wrr §9' R8P m%memg ] el RO ey

hin silicon
‘mPT‘Udi%f "I"be"%f“ﬁ&ﬂf"’igﬁ"“é‘if’%iﬂﬂﬁH‘Eé“"%Of‘ﬁ’f"t& éx&%m rrent of
the invention continues as illustrated in HG 30 5 by
the formati on of disposable side wall spacers on side
walls 64 of gate el ectrode 62. The side wall spacers
are formed on gate el ectrode 62 by depositing a |ayer
of side wall formng material 70 such as a |ayer of
silicon nitride. The silicon nitride, which can be
deposited, for exanple to a thickness of about 848 nm
by LPCVD, is deposited onto the remai nder of capping
| ayer 60 and thin |ayer of silicon dioxide 66.
[ 0019] D sposabl e side wall spacers 72 are forned as
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5[ 0020] Recesses 74 are filled with an undoped | ayer of
stress inducing material 76 as illustrated in FIG 7.
The stress inducing material can be any pseudonorphic
wdoeshalsot hat can be grown on the silicon | ayersWobthodks
different lattice constant than the lattice constant
[003F] siAfteraerselecTyresratihf of 81Ce moterial f2, bideill pecers Ghat! dhend ofppinhieyer 60

arelsi¥Bbedt nlaﬂ; @@&&@dls mestrﬁsdl l;slhs; QF eahEste Aechbd. 85 Hha st sb hsemhgasmmwn

mdsr{a tboron lOI’iS are 1chm ?o tF‘ﬁ elx%OéelEi 5?0“'1%(: gﬁngngsrg{'ccﬁ;d% 421 %%I r@()n 76 and SiGe
regwa% tﬂ@rfaﬁmm dni @mg Buieatioeing HadP derimt tndhepmpdneioartsa yhabdyompurity
do;@@rega& nelr@*ae@ﬁr@tmoﬁth@s@ﬁ,&ﬁkm silﬂ:@rr @ﬁﬁhlﬁmeglaﬁef)@f bt Yhetlrh:%rated circuit

thd[ aer 1&%?) be ;mplﬂqn%%ﬁhn%%%gogg guc é‘; EEP t\!]&&a[xcq?wg%s of ?‘ﬁ g(%lm zin% masked with a

Pﬂ‘@’ufdfﬁh‘éiﬂesﬁt layegndt jlipdraedre recesses. Met hods for

epitaxially growing these materials on a silicon host
[0024) a Aselveted WEFIORNNE FurtBdr @ayWH df lsilitod GWtle 3N 6thdd €RE WD Epaddforming
d:cgﬁl’?’ccrﬁaltep%%ohﬁ&sﬁéteg) is Dﬁ'&ng%t‘ d«%}&i{g&\y%r %Ee%ﬂodle%t nd i%e suﬁz%@g’ 1]%@1‘1 thin
silicop gtFredndt O FrEexiet aSTat B1e Han Her of o wel Fpter s el i
anido@epgrhitydineia for Stam@s 8y ieltivecias eshidghe fofdbielniatey: Gde \hims@l‘éerd % on

mdéunﬁ‘s 66 Ia%a@ @!lactr@t@gZ hﬁl? Seﬁninémglé%\(ﬁﬁ QPtIJgg afd%SSf%ég bgﬁﬁg & C?Q 101 ﬁnplant

P- channel transi stor.
maftké%/‘é‘P‘a‘Bf’dddP%:"b%%"d{“@'“Q’ldﬂ‘é‘“‘v\fﬁ‘f‘ intosigcesion frt /. afrose(n%@ns of the IC

thati akd nastd readive dy agdirdlwl B-Sjpﬁmip&y)eibns@fn 18 ik dk @I a Miydr bf E@erded photoresist.
FOEQLVQQ Iﬁl%tildoqud(p §Jh tnﬁ;ﬁiantYo% r 1If ¥Jc9 gn ﬁl‘lﬂgntgggn?pl ?éde&;lg ﬁeQrgce recelves a thermal

ructure pr evl o _g I.con germani um

d““F%@F’E?Ff“’“fé f‘*f"ﬁﬁ'@“@é@mﬂbm%& eTrhe RTA aﬁvaé%ﬁrryofm 'ea{mtcym@f*eﬂw been
peranef ardmuaessectifidordif sippsdiphuetisitde tweb bituSpRe 8iGe F@ion 82 to form a
Sougy,%%_grygoqgj SitflGeabd spacer 72 as illustrated in FIG

he conbi neo% t hi ckness of side wall spacer 20 72
o534 85 48U BRST 15 BRSSP 2P 20 e
regipy sin repipn gifid) 898 ARstrade i agfist &P wiomiging elgspicnt gontagtyle fhe Gious device
regibis 0 WGt uktraG RCRE. 158‘1 I@)"&ﬂofﬁ_ﬂlﬂd@& Sy mdthi 64 Gbh H&SK/U (ﬁ‘%obalt nickel,
tam:\?\ﬁf lht%? Ielk((:gte:ssﬂg:peom%g gver tﬁe fu: fo ce OF ne deatrc]et Srgcrugé oqfq"lt‘? Iklll’egllJlH:d}yer oé silicide
fon‘fuhgemeﬁli HIBHCIST Gt BS’ mgjal p\gtﬁ 11]7@ paﬁ@@yu]gay@w oofahcplh oot form metal
silicjda @lkctiidal ddgdcts 36,80)98 wlihesoptasdith, @i Rgibs a@ent Laued, [‘eﬁﬁich\kly as
:lluﬁrhgj ih PReHS I\’Jgé'ﬁhdﬂs g(bpl%«ml[dgtf wi talfi(l,oﬁ asshicoq QngmuSp sulh 1&. mretalrpi},ated on

IS term nated ore e recess éxten
mﬁ%r%ﬁ@ﬁ*d? el spasrs 8 deag ﬁé‘s@“bf“dtcﬁi Hibg e ba wfw@rbymsivlrs in a
HQyHehex, bryHNOgHCsiuloat or | ayer 46. At least a thin portion
of silicon layer 44 remains at the bottom of the

[Ooiﬁﬁceﬁxsthe @@&)mﬁ hésﬂtpf:&ﬂ@deﬂ'?@ RadPQEntd 28 sl eli%@Jd¥@Sla§ refion 76 was
e .sunse of stress

oo L REE e it O TG BT e OB P ol a0 T govn. A
*”U%fﬁtﬁsn @f@SF fectigh indiHeSd |4 8 tyutderppiiese detbyd atets conrborevegad i@ accordance with
a fuftleP&RL AR G Zhe BI6hiEN &ﬂd’&&irdaﬁcﬁ g»'inonn BiBbodik@H) 22heASvention the method for

W th .
fabnc%l'rbgggjh:alt ﬁg st?r@ uhtlhe same inal{ngr a‘rsjl(‘ilus(?rate? in ch‘(’)‘”z% SA$ {ﬂ}]sltr%taj m §6} 14, a

cess

layeppieiHe ‘aalléw‘é%mww@rlﬁ@ snﬁta@fr lua:&r ofs@eon Pigidens fénosedranig dhe structure
of FlCn elUTHe Diger BBtli&hinddide H0yld Bib¢ ARiSkntsnolUGLYg-30mberi al 82 can
be any pseudonorphic material that can be grown on the

[Oﬂﬁ i ﬁﬁﬂuslrﬁ)&@r{ﬂw l% hay@r 1%) fs atﬁ!o@gbﬁcdily%tcﬁéd Qoefor‘\:rgsfhé tw"é’iﬂ&pac%h% on the

% ice cqn of silicon. tress

edggs ﬁg%f& g Hat%e r%‘"éwa'i %"‘Cte‘ﬁé”s &h"éh%“ha%%‘aﬂ wd g‘wa%'aireh 6q gaused to

formsagvieh Mtk Ard e regss St s elssnaicnidtd @ionigy seretean( ihiglsilighs Jay @4, Regess 174 can
i nduci ng material 82 can be, for exanple,
nonocrystalline silicon gemsmani um (Si Ge) havi ng about
10-35 atomi c percent and preferably about 20-35 atom c
percent 35germanium The SiGe can be grown to a
sufficient thickness to at least fill recess 80 and is
preferably inmpurity doped with boron to a doping
concentration in the range of about 1-3 x 1020 cmi 3.
WD 2008/ 042140PCT/ US2007/ 020588
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[0023] After the selective growh of SiGe material 82,
sidewal | spacers 72 and 78 and cappi ng | ayer 60 are
stripped fromthe device as illustrated in FIG 10.
wdsimngugas e el ectrode 62 and STI 52 as ion i phaghati®s
masks, boron ions are inplanted into the exposed
havp @ depthorh aigfast shiun 8B I0D inmdmr ik @yremated AiforSihGeoasegieas etifelandugh the
thicRie$30 ¢ HAJHON 1§ 44 © ut\&ﬁm@%uﬁ@ﬁd)@m Qr @dsh tfa%L&mﬁ Iopmmﬁryér 44

shal | ow i nmp
el e PR A P BB OT PR LB Bt o
dﬂdghﬂln!!etleznﬂr@é pyveihichuers deegil@ng: the Paltt df edesvabipadeh d72 nt egr at ed
circuit that are not to be inplanted with boron ions,
{0038y C hrRasss tiheis MH?Ein)p @etiivern ng@fng,tdh Bmbdded Qﬁﬁmbaay@ﬁ&kﬁ&s inducing
MF\%IE)!% 4?1‘%’&5 %&% ﬁ?fg ngg)tl[%rtr% 1&.tﬂcll ?é/ efgrcf{rzﬂ}P tli;]c \4 J}ﬁuc%}n%nses d?()ut 10-35
AORIF PR BErTIEUE] 36‘13‘“%5? prfirHhircomprides aboat 20-35 pertiepercE parangm. Also, the
siGd isgle@ebly inGiwmdp @ty @bed (W@ borbd tb WSdnfeata@6h)of htsutBlzanketm?. Layer 176
canqﬁﬂgg (fO[?eg bfeﬁiﬁmg g)a %m %: C%rlg]n%?ghegxgact%n oxtéduen St\"e ep?ax:al %(fwth of the
SiGe-egi ons. The further | ayer of side wall spacer form ng
material is anisotropically etched, for exanple by
{0029 ac Fdllv@ing thaselatiotepingial gioonf @ bilke pef MENREB talShaes Waht removed and
nevﬁsﬂl@@grﬁac&@ ﬁrﬁdmngwséwé ﬁlafptﬁle tg%%s gfl g%g L«gipsg %er??n angl?cgmed on

nanent Sld wal | spacers an e use
e 8§ Y40 o i 55 lipseids K 79 U s e it saps {8 as previously
desribguside byl ghopafil. Sionellispeas Si8 @ te@gin@inof §Bcon AgaE By, ottch@geuic

matE}Qfathi ﬂ%ab%f ha@el'ﬁiuékges@ & @Eou@?r B n.ﬂlo%idéc xgarl]lr C&I M8 CQ‘J@M%H)’C!‘ 60 and STI

mask
52 Ftr BFhart by RGP RSy SLrSone <ot PO g g 176 Sice
as ﬂa@ldieti ingHal7 iRewssesrpl meitrablyi bave,a depth ofabgth 4@mn. i npl ant i s
enpl oyed, the device receives a thermal annea
0030y ef ecakeh ysoaurd ﬁl}@dj dy teh:&fv[*lﬁ'groﬂﬁ\@ @ﬁ&mb(:mdagpﬁax-ghﬁchIAndoped stress

mdu%ﬁé k%gtﬂ%gchqp %layer lré2 0{93 antll astr}at}g:tp in FltG ?8 fl“re &raﬁég ga@ie comprises about

causes ou Ion O
10-35 r{STHC OB EF RS M tAPE M sh Preferakly e Apusal- i%fe:g@nefn Peg2nttegymanium.
Thefuadopad 3i(B GLEEIE Bigh@ @ 1BNaBCGleaRde @d driadide ﬁr&@lh@no B ends of channel 68.

Furt[leQP%égsﬁl; %Fﬁ‘f\ﬁltlb pl%&%g %rﬂ?e s?r@e n%ﬁrﬂ:r lIﬁSQra m H%Edl Ot 9 form

I gned sul ClI regl ons cont act e source 20

regi on, and gate el ectrode as a first
g, ep s 8?204"% g EPECETPL AIEehiRPa Lt PpRrairEa sz GEET 240 in
dwcdew eeh rfegeamsedingt of (ht usbicat Bdochmange v@h thl2pbeeinleaypthe idfention

a sir@dséd'?@ﬁ’ﬂﬁlﬂflﬁﬁm% imRe ﬁlbpog‘% %&Qte 85, sﬂm(gnqmte:{qu 14 (@(ﬁp@ktconductor
sited over

substrate Kﬁne hlﬁ&l(%d f?l‘r}dl}n(dl éwq%g}‘ éft%rbﬁ%xlsm; hspr&m? Egl aé\elmmnduc&?h%lbs‘trg?%fliz As
*”U*Eﬁfﬁedgﬁ FiGe 1 9% eemfeppdpton gpbprpte 212 indudaepthie dilitop laye A€t ovtthez methadator
layelMdsnnak, e we) d@filey i Hﬂnoﬁﬂy&tdiﬁ'@@m&frx sﬁﬁstlrakecﬂ@ gﬁ:Emﬁyeﬂmtan snhcon
subs[ ﬁg %IIﬁtrbgleeuhcr {jbog 8 CP? CLYS atlléng avi'wcr)uﬁnon rgﬁgﬁéf%ibg‘ s&c(glcltuylﬁ O%é 15 (100}
cryspiapeeTtvng siliegs subgrgte 21181 ip S P atvaselling prifp@n.  HGe mivkslitals greater in
sitichedl{ 1 10)Sorier@ition tRanGO$MACHE (VIO dhieShtloh £:QBIeon HbdillC R e opposue being

grcagrell; Fﬁ?cgﬁ MFWOO)%Hé Iélm qhaqen sqgcon o?é?({) gr(ijemo Q)n %IE:QIOHS of s?mltow trf::icfl 1s%1t:on

acers oes not can-subseq
252 pgy ﬁ’ﬁ'@ﬁé& i BT 1A P*afepmmﬂ@mhéw thick e H@r 24416 insulr
246.S10k EtTicome folx@0 R2GHE:|snctnfagnef .0 H@GDENGoVE BIR EsRIpli@NT FIBCRSS 74
was et ched and shal | ow enbedded Si Ge regi on 76 was

[003gyr OWg @ﬁtf'aiéggn ﬁ[@cﬁﬁ§ B8 msls alied %tz@%e Qﬁﬁ@sﬂ%é I through
e edded
msulatf)l‘qi\}/er ﬁg?o exnose a poruou 2g6 oq 5t con Vs\@lstﬁlg rg?SGSA idieh{)f %ttetrrﬁ(é ptb)foaa@ft (not

trated 1 n Cross section
iHusgpfedy ¢9 &p uiEd P trepstocdsire e qdbletrsge dihrzine clomsdh ARG can be

with a further enbodi nent gf the invention. In
accordance with this enbodi nent of the invention the

met hod for fabricating a PFET 140 starts in the sane
manner as illustrated in FIGS. 2-4. As illustrated in
FIG 14, a layer of side wall spacer form ng materi al
170 such as a layer of silicon nitride is deposited
onto the structure of FIG 4. The layer of silicon
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edges of gate electrode 62. Side wall spacers 172,
together with STI 52 and capping | ayer 60 are used to
forman etch mask and a recess 174 is plasm etched
wiorees/dbaosurface of thin silicon | ayer 44. ReeRsSSidiAsss
can WO 2008/ 042140PCT/ US2007/ 020588 have a depth of
fabadatell @gsitosed poidn 280in 1QQdanem it mkBodtsiarilminast dusthefaerveintrhes. 2-13
or Fl@@eﬁiswe?ﬂtiseﬂ%mﬁ:ntg|s£ic§ln)élyt “p%géalldt(ﬂiebllttm El%p%ﬁsﬁlgl% x{hgsrb:ifl as

| at
N e e R Ry S e e T T

art peings elyotetl omiaf25¢ heuckese sgwcrysRiisegsvilfding gec aeb fryadlingn@aation as
SIi:UMhEJBstQMtZelSS @”ﬁﬂ}@%c@pﬁﬁ Luieil {pQHIags@fc& pﬁJvﬁgg s@)ggnuﬁ?y pﬁnﬂ surface 260 for

oS r}eD ness de endent on
s e ST S ars TLpR b AT S hio iy el onigon ler 264
Siligdn| yerd2SB ptsatebciedored ap cgemiph pigsilam sphed geddhepy thaxing crystalline

ondnﬂty& rdn@f}rufé:tab'l ? 2 5{ 1 lbﬁgﬂﬁlhﬂegsslm&ﬁgrﬁﬁthtﬂh %r@ ﬁﬁ t(ﬁ ‘;L@IYZL%I’ or 5 difurace

extgsu@eﬂlowﬁheqsbnmuon é)g:blglf‘%tfﬁﬁt 133@1yl3ﬂd 8Hcin8t1(blérf:r&gtm(kl8@r WT&}WICG takes
advgytrge rﬁ)@e epprsfdeoghyhapilivofrpr PEESavaibgubn 2L I8bsubdramivdile NFETS are

fabfiRed Bk (@R EIRRRN NabdhavAlk @400} dYGralBle GRentaBordh SHBT @R ¥hs hile relatively
i mpurity doped with boron to a concentration of

-3 x 1020 cni 3. Layer 176 can be in situ doped

di ng, for exanple, diborane to the reactant flow
[Uﬁ%ﬁr i ﬁ@‘“t‘sﬁ@e‘je‘ﬂ G %3 &l dccgfdm Hithgp epbpodimem Gf tmpinvention, a P-channel HOT
290[i O Ofiddan diawa mGr 15REHOE bR be Eb@Ped R Xdcatiang @R nRfhodSiigeRated

in ldl@sy §ﬁ3 (}?nﬁatcnﬁl’mggw?{}ﬁ‘ie _/ngaﬁlﬁ Jﬁlﬁ[] ﬁedjrg}g%? fElSr %\ﬁ%jmc?t%ﬁs aqay%r of gate

acers ness less

mﬂi‘ﬂfﬂf 8P<4n A& GIFCUEecho \fpspgd @ﬁ’&c@i“ dusyigg, ewnEbetiey?s nmrtcﬁsng gate
elecgbdd @960a st modddeg abdepee k@@ tial aGten GAnanibin d@erw drov&p:a&%&e&; 380/ 8nd a

seedl ﬁnpnmp Ha;gd 4;@@&%@%.“9@2&%1 @ﬁa,rzr Y Ifo?rHe%_}n}gla %90%9 Le'cé?s’s% In

spacers ) spacers
“'df 8‘l~ Wé&w"&?““‘s‘iv riadustier Ambopimgat ofgpe ‘%‘F‘H‘@’i‘ 2 HCBPLREEF ?%2 WILtE fabricated in
thinrsiib@rliyal 24 irdacprdafice va kty nhiasdeill@udiddiic KiGe sB 1308t i@ hodidancé-wdib the

metﬁbm 1lh§th@@ :ﬁ/\ﬁbls l&Q ac %r éd[&(%sdlth&@}p Pdt PQSE 1Y %ﬁwr%@pﬂq%gﬁiﬁsgmer

(% | ow recesses
b“eis?d ot %{f*&‘H 4 DB R @wﬁ#*g\%éwafzﬁ* RYEFSYY & Bplesniie dugired
integritpdpgeuitdtnetigni n FI G 17. Recesses 180 preferably have a
depth of about 40 nm [0030] Recesses 180 are filled by
[omel evhievel yasgbRWxaghAN cebacddad sk tp&wm@d i aﬁé%mgﬁn detaued

desc\"i?gg RE& sgou‘?ﬂtbre q ? aigt%hﬂga? !é Sagt :ﬂ%ﬁe ({S{V%%{@%y (%lst ?tl é"r"g& ‘;(}/ l{&ﬁ@)ﬂﬁg@ihat
the %ﬂ&ﬁ«w @@gdia@bmexw@wrmb%wm Bhi gyaies ned ageerrommdmo dimi the
scopDBlicdiief ercalbiy oot s adior D My tvay Q%aaa B4 i@ﬁk&g@@ﬁt@@ﬂb@crnpﬂon

will 9:%5 E@msmmcﬂ-p ﬁie Y ag%&véﬁkegﬁoad %a;ﬂg’fgrl lemeptgl g ﬁte e*eﬁlglaré elabodnmem

ate electrode and is In
of eEfPIAY SR PR meBs. i Hoe Wéwdeﬁw%téfg §‘F’ﬁ‘¢f cwseppa?e m@ it fhey Buptiprsand
arcajgemdnhef cbanms wignn iepagisy frdnh s tdoget & cheiifvedtibiSR, setl el 3. the appended

claims and the legal equivalents thereof,

h:g&lgobqit



[0031]FIGS. 19-22 illustrate, in cross section, nethod
steps for fabricating a stressed PFET 240 in
accordance with a further enbodi nent of the invention.
In accordance with this enbodi nent of the invention
25 a stressed PFET 240 is fabricated in the supporting
substrate of a silicon on insulator (S01)
sem conduct or substrate. The nmethod for fabricating
WherETla248l begi ns with provi ding a seni conduct or
substrate 242. As illustrated in FIG 19,
sem conduct or substrate 242 includes a thin silicon
| ay&meRftd fovRbliyiAG a 3eds OBl @b DEct hayasodludiial, in
turn, overlies a nonocrystalline silicon substrate
momystfé'i“im Elgensakaepiepthy l%tfwdsciompwﬁs dgaps afie 248 can
dcp@ﬁtlﬁ(‘f Blnneﬁatt@ﬂﬂg@d Qyer (031 {1/913/01 5&(]% 1@L| i'c@r? W gﬁlnftiﬁct 411%6’11 sptlrgu ale
preferably silicon 3 0 crysta I ne
mfbmm@ﬁmatk@wxhn@esa%wbmw0®ub$mnaneﬂam8ﬂugmmma@w3dmon
orientati Hole nobility is greater in
&m&L¥g3%%”5WEPT¥ﬁ‘:dgn@ﬁ%ation than in silicon of (100)
depomllﬁglﬁ atst m@enaﬁdpa&iceﬁﬁmmg aidl ot atlyiss thbgatoRRESbdeE,
ein ter si licon, of gloo orientation than in
am%mlor)%d ot “catfe B 1YEROAPTHA TrRair A ssrerstidhg g clectrode;
etclilﬁg,e{ﬂ Ghst bR s Ei‘ﬂitb @R @ﬁc%n A KuhRnARd tl'1é1<mtl@90<§tmd@ afd fht Qﬂ@wa l
| ayer and preferably extend through the thickness of
spagegyepn o4l magk; i nsul at or 246 The STI can be fornmed in

o540 P 83 BRS04 B8 S5RSHPLLSE,

depélﬁlﬁlng sseetiehiagerto Blﬁﬂdglhfoﬂﬁﬁﬁmatdl e otlyideage oas cldfiebde and the
i \%%h i nsul ator |ayer 246 to expose a portion 256 of
‘w%$¢q nP&bstrate 248. A layer of patterned
anidRBpieAIBSd&Hind RObecohd hEr BUGH a CRBNPRILFEpAS: BR uRfh:

mask to define the etched area Although a stressed
sidepaispecgl be fabricated in exposed portlon 256 in

£ L Y, . . at | |

ctclgl?boggeeqlaghc Efé&ﬁﬁéfﬁf&ﬁ%gﬁ’ %b%gmc iz%n 7%! P (,Eccttod(y 1d t?%fccond
mddv\calllssedicecas anedigh rgesByy an epi taxial silicon I ayer 258

recess 254 | lustrated in FIG 21. S| i con
Cpltf‘@fﬁ&f L o ?%ﬁ%#@%*ﬁ%ﬂ W“?*E%‘Hﬁ%b@é RGO
recds§ those of skill in the art using exposed portion 256
to nucl eate nonocrystal line growth having the sanme
rempy g the frptpiden] | apicat drdihasecor] Sdewalomaenibst rat e 248.

& (rt o
nonan[ I%T g(gltdl[l(g §%L%§ﬁgw Sglﬁsﬁgé)elﬁéggj(}ipgé llllélg L(E')[ ﬂ %ﬂ gﬁ%manum
iay@i ahn‘ fheanpory dbpctdrearrtmd@tdcsuls:on metotniunt h@cletplrbzamoalu, and drain
extedki 1condand in the remai nder of silicon |ayer 244.

§?P% ¢OW' | ayer 258 effectively becomes an extension of
fornsih} bleOfic8LbshE@IEhe 48e chavddrtint R thSAMBuGH YSp & dntiRBdcd
orientation and pre?erably a (110) crystalline silicon
silicgp L@ty DY Havi ng a (110) substrate or substrate
extension allows the fabrication of a PFET that is a
hybrid orientation transistor (HOT). A HOT device
2. t aKés mle@)daxﬂvahn éd@tl@i ccmhlaisémmﬁhnseds bibl e nobility for
depc?Sitﬁ}'?;iEaTth{t u (l)oltbR%CC{ BOHHI n M %L&a&ﬂ V%‘y}éflfoe Hﬁ%?wglegﬁgﬁo? €
anisofr Mﬁteﬂiﬂyle&dﬁﬁwﬂhé i adyeOr fofm Whikiechsi @dvaglt Shars o Beate
relatively high nobility. [0033]As |IIustrated in FIG
elect %kﬂﬁwyaccordance with an enbodi nent of the invention,
a P-channel HOT 290 is fabricated in silicon |ayer
258. HOT 290 can be fabrlgated i n accordance with the
method illustrated 15 in FIGS. 2-13 or in accordance
with the nethod illustrated in FIGS. 14-18. HOT 290
includes a |ayer of gate insulator 294, a gate
el ectrode 296 forned on the gate insulator, a channe
regi on 297 underlying gate el ectrode 296, a first
enbedded undoped epitaxial silicon germaniumlayer 298
grown in a recess 300, and a second inpurity doped



25 description, it should be appreciated that a vast
nunber of variations exist. It should also be
appreci ated that the exenplary enbodi ment or exenplary
enbodi nents are only exanples, and are not intended to
limt the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing
detail ed description will provide those skilled in the
theraradly wintdaling the nmewii g riopedaubatdg! fildeonigephenentdyagtot en
SOUFX%HFI%ﬁ%eenbodlnent or exenplary enbodi ments. It
stidl 8‘5 Gndér st ood t hat vari ous changes can be nade
in the function and 30arrangenent of el enents w thout
dep%rtlng fromthe scope of the invention as set forth

i n YRdaBseHsET %ith%l QRAIFIRE thesipaiof &juiines watksilicide on
the b %51@ EROkode AL 4 biBruEL BF Wg%lﬁj gny ped enfdedBURAR oA Q8 rmanium
abricating a stressed fect transistor
laydrself alddned vathronibéd paicakll spreeisi | i con substrate, the
nmet hod conprising the steps of: depositing and
patterning a | ayer of polycrystalline silicon
4, ovél?ieyxhdnlgjdtdfelaﬁthl livglewncis Wisdidpati@piiaxifl gromwing ah @ndoped
ctrode, the g Ee el ectrode defining a channe
thﬂégﬁdo%“@ﬁ BpYRANLHTY 10 Bhe et e aop ARy Ry giomanga widoped
emtRUESE i IRD8 'gcﬁeﬁlﬂ% 1dyBGcdudctifSihe LBHRE! REiogPacer form ng
material overlying the gate el ectrode? anisotropically
etching the first Iayer to forma first S|dewal
sp t t (, S
5. nf\@% c?lﬂud <{f %E‘%ﬁ 45)&! Sgcﬁ)sqtﬁé?{}haq@ ff‘?wzxaé fl nPPurEéaoped
cmk:addiadt dliezos I}Ddthle E@aﬁ@fmpﬂScﬁhc et bt ¢pkakialle piotdud @ inypurity
n undo ed .enhedded sjlican niuml ayer in
d"p?%%‘mf?‘id%% STHERREEMan{Ug JRYF Shge al%‘étc%ﬁfgﬁ’le deyeei@hacer
formng material overlying the gate el ectrode and the
first sidewall spacer; anlsotroplcally etching the
0. seddAdnathped ctagn flovlmtfaﬂ §@@éﬂ@d> spighindlylcrespiag en umlvpf:ﬁe
fellisitsi o dS NG N eSS %d )
embe {j}(ﬁec%sslsl og B%S jum r 91 LOhgptl tﬁ% g@%g ﬂe%%{l:f ;%%‘T’n dundﬁ%ed
c,mlsédmlmﬂlcsn dewainiung talaeieh’ava@ adm sighichnasnsik! wieptih ad adp q,f

cpll.%%@glr glgwmlgﬁig Elgtlslf;%iop l%e%gbcg%.fge%rgzu{l%gﬁg Ilagxg{ gﬁ*f%: 1ses the
stcpS‘d ‘devalidilyspacial aandpdrhe dﬁﬁ‘ﬁm&&c@%ﬂ@oh gERAGRIm layer having
npl anti ng conductivity determ ning ions into the

a*Cﬂﬁﬁébéﬂ“é%@éﬁﬁ%@d&ﬂmﬁéﬁﬁh@@ﬁﬁhn|un1|ayer and the

i mpurity doped enbedded silicon germanium | ayer to

form source and drai n extensions; and form ng
7. el dcmethodfordgmicagisa ttmsisdddﬁegiactf&ceﬂtzmstsrcmdi&haimd, 40 the

I mpurj,ty doped eureﬂﬁed i l,icon ni un1layer 2. The
o B R ST Pt REP oL SBP I STHGe RE ¥ op of
depositing and patterning a layer of polycrystalline silicon overlying the silicon substrate
to form a gate electrode, the gate electrode defining a channet region in the silicon
substrate underlying the gate electrode;
depeositing a first layer of spacer forming material overlying the gate electrode;
anisotropically etching the first layer to form a first sidewall spacer on the gate electrode;
etching a first recess into the silicon substrate using the gate electrode and the sidewall

spacer as an etch mask;



depositing a third |l ayer of spacer form ng materi al
overlying the gate el ectrode; anisotropically etching
the third layer to forma third sidewall spacer on the
gate electrode; and thermally annealing the inpurity
doped enbedded silicon germanium |l ayer to form source
and drain regions. 3. The nethod of claim2 further
conprising the step of formng a netal suicide on the
epigainby etoeghy mdmaldapcdj (anbcad&lﬂifﬁ@m%cﬂﬁdm ine [ziymaimrlhé firsdepes;

enfitpe ST L sacer T M ey o Mgl Foce and the
firsihi@dweilnphdeg, step of epitaxially grow ng an undoped
enbedded silicon gernanlun1layer conprises the step of
anihPpiakarrhingihewragd syeiindoped senpétided:lsipeon the first
!déwml um | ayer contacting the channel region. 5. The
i rIggicof claim4 wherein the step of epitaxially
mdgm@mﬁmgnéannwuoumymampedmeameGMgdmsgma@anugeamnmnuamnd

r_conpl the step of epitaxially grow ng an
S“m“ﬁéﬁPWF'd%ﬁﬁégigﬁgedded silicon germani um | ayer spaced

cpitapiany gioheip drhi@ sk anmely 18U @mbeddd siTRen FBLRAAINCLy&liRLHY
| wherein the step of epitaxially grow ng an undoped
seciiyeefdB @i | i con ger mani um | ayer conprises the step of
forrBiRl R Rl dmaua% M o3 ewaﬁe@&&d%ﬁ‘%q%ﬁu Shybuly b8P
germani um | ayer having Irst thickness dre
embetdedsti kqonaernegiivrakiyat. | y growi ng an i npuri t y doped
enbedded silicon germanium | ayer conprises the step of
epitaxially growng an inpurity doped enbedded silicon
8. gerrmemiaiiod @enimaving campesing thetshtip kNestoGh LAt st klaaRall
the@£|rst thlckne 7. A nethod For fabricating a
spacef pRsdig gegone pidewy! %%W“tran3|stor i ncl uding a
1mp[ﬁﬂ[lf=?&3Ed’r%héllnht'yr&%tc@[hln'n{E;QanSlHFbSLE@ B Fped BELIREDN G con germanium
rising the steps of: depositing and patterninhg a
layer a%ﬁwoﬁ sipolmperipsdoabd gmeedsled sitiom gverhiyingydr kefoshshoon
cmd§H$§5&gsﬁxﬁo forma gate el ectrode, the gate el ectrode
inifng a channel region in the silicon substrate
underlying the gate el ectrode; dep05|t|ng a flrst
| ay of sp r formng materi over|ying the g
o dleruthad Sl S e R R dee e RGPt He dqugwaévéﬂr s of
s;m&ﬂfdﬁn@lgf:hﬁ[&thl%IVQ% he SRRCRLGM; t he gate el ectrode;
etching a first recess into the silicon substrate
anisgepinegn! bveching tbe Bliddayenthelosnd thirkbsidevedhmmbter opdsegatcas an
“kL§B§ fpsk; epitaxially growi ng an undoped enbedded
I’'con gernanlun1layer in the first recess;
theralepp sirtealivg the Setanhplidyelopaf crsipadert sifiarmiengartiab ediealo
f ~oyen%yi8%.th %9te el ectrode and the first sidewal
OIS WACETA IS B 8pi cal |y et ching the second layer to
forn1a second sidewall spacer on the first sidewall
pacer; etching a second recess into the silicon
(. sud%}? Pigtlod o lagn P Hethgaeempilisseg the diep ah Brming saetakrdlicide on
the gfatéj@g@!oldc Sn?(f‘gl%rsuﬁﬁc tl?cI 1tUﬁ§]§J ggbﬁﬁ% nﬂ!cd(XedgsrlchWhng
an 1n situ inmurit enbe de i'con gernani
gernkzayen layar ielfethgmb«nm mea:lasssldcaml sharer ng el ectri cal
contacts to the gate electrode and to the in situ
i mpurity doped enbedded silicon germanium | ayer.



8. The nethod of claim7 further conprising the steps
of : renoving the first sidewall spacer and the second
sidewal | spacer; inplanting conductivity determ ning
ions into the undoped enbedded silicon germanium | ayer
and the in situ inpurity doped enbedded silicon
germani um | ayer to form source and drain extensions.
9. The nethod of claim8 further conprising the steps
1. of : Thtepaibdd (i)frt@pita Tt Whar cﬁnllhiyieafp (d’fep'ﬁtqoét«dafrg,ii’mhugiangmdoped
embn%% ? iy écl‘otn%l s?zmy wnga[ygy%(}ng t 8‘3? @P%%tar f i pa;aﬂ? ég{)oéﬁ ;mc S‘Adloged
em ﬁaﬂ&@ﬁfh@ﬁ dehgargah gyet Glidcadgihc@nshnthepial | y anneal i ng
the in situ inpurity doped enbedded silicon gernmani um
| ayer to form source and drain reglons 10. The
12. MethRd, Qfodcd il ﬂrﬁ‘nq 1 bk @flm%& ﬁ['tz&gll lg%?oﬁahggn A sit
formng a neta ['1cide on e gate electrode an
mﬁmﬂbukmaéeﬂbﬁmtﬁshmn1gnmamumwwymtynmmpedmenbeddmmxmny

ongermani.u f.aligned with the t

orof igaiay FACBITRRM PrpF¥Sheffi e SPar e s it
the&kﬁpﬁ@éy&@ltaXIa||y growi ng an undoped enbedded

silicon germanium | ayer conprises the step of

epi taxially grow ng an undo* enbedded silicon
13. 9ermn I f [ 3t

SrARRT Gyt oNACh R AN SR Ry,

embgedsg anlgcoarazemﬂn@nm tryengoumririsys doplep o beriiexidyl g,i@hf»lltng:&)mndopcd
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13. The net aof . claim?7 erein the st o

CO‘“é’BF"tSéE‘? B\ 931 GHEwRhge AN erridp ety S EdRdePed Ppedsigd siticon

gerrGRTITR MM \AWES scC I RES:s t}h:%l@? 1aR uRf rieRhirxdsal |y
growi ng an undoped enbedded silicon germani um| ayer
having a first thickness and wherein the step of
epitaxially growng an in situ inpurity doped enbedded
silicon germani um | ayer conprises the step of
epitaxially growing an in situ inpurity doped enbedded
silicon germanium | ayer having a second thickness
greater than the first thickness.



