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TRANSI STORS W TH EMBEDDED SI/ GE MATERI AL FOR CREATI NG
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I NVENTION 1. FI ELD OF THE | NVENTI ON General ly, the
?W@M%@GF&QW&'&S&G NMOSHAND BYOS FRANSIS TGRS WITH
MEEDDED SUGFMATERIAL EOR GREATRY; TENILEAND GPMPRESIVE RERAIN
formati on of transistor having strai ned channe
us.i ded silicon/germanium (Si/Ge) so
BA dUNb INER arrier mobility in the channel

L e?i@rﬁ‘)f’fmﬂﬁ%;ﬁ#ﬁ@? stors. 2. DESCRIPTI ON CF THE
cation of conplex integrated
Ci Ifehtrdll$, 1he Pedséne ist1BBrePleRIS S MR fbricAion aff Gifte MO Bifcufd and, more
transi stor elenments, which are used in logic circuits
parti@garlgf fo @ee RkmAioh tod hﬁﬁlSlamd havirigC ktratne raesmélt regibe 60 Nising Ndmbedded
circuit element for designing logic circuits.
silicofigerenmibirh (5/Ge) sp bl erharicy charfge gariee melslity @ghprebdnog regnseaf ghe transistors.
currently practiced, wherein, for conplex circuitry,
such as m croprocessors, storage chips and the |ike,

CMCS echnolo IS currently the nost prom sing
2. }ﬁ¥¥Q#$¥Q#§i characteristics in view

c oél'?p S§ ?Etlmg %f cSoR\%%d m?e&e&cucg?s requ*resqp F{PSFOIH %P a @r&e number of transistor

I Cl ency

elemb i @0RICS LR uSed ih 1o§m.r8,.tgpmﬁaém L&l Sl Yhsh %Qse%t ﬁab MGt circuit

transistors, ar€ used formng circuit el enents,

elem&d € daSenink WRIclc@Euks. aD&he@Nly) @ pluta Gl of pBedsE@chndi6kicd @l cBifently practiced,
hi ghly conplex circuit assenblies, such as CPUs,

whersih, o a@enplk cipgitrg ich Bamitrbpearesstsirstofge thig and ke ilikg tGMIDB ©dhnology is
conplex integrated circuits using CMOS technol ogy,

curresflyl thé mpss profising appsdagit die ¢, th¢ sugerior Paa¢terishislin vievapfsiperating speed and/or
and P-channel transistors, are forned on a substrate

POWGE {FRSYBRAIIAR n/oF F% ffaflm%e In GMPS Gienle tCB‘PP'?’%Fy@‘rY traﬁlﬂtqme [ a P-channel

rres

trans \AHrestchIe IFI cgaﬁn tr%nﬁlg_tﬁrﬁ eare I\s/gﬁ fgrgtu&cug rlt e{lfmﬁm% ﬁ‘écﬁ 1rwerters and other logic
gates Foad'éﬁénsﬁ 8{1 & t?‘rwf%? @1§éug g{s%he& lggrag épés §t9ra Jg? g:}d tF]e lllj;c]] During the

unctlons at are forned an |nter
fabrl&jaﬂ&ﬁ&* WhAbNindReed Qk&ﬁ&%sfng AMOISedhdidly alﬂlllloﬂs\/&rtfaﬁgls)brsd 08 e!d—channel
channel region di sposed between the drain region and
transisto®s aSORIEHANeT tEagdihids, ard Remaian d Wktravw ibJud D a tl@alira adafi@hductor layer.
region, i.e., the drive current capability of the
conductive channel, is controlled by a gate el ectrode

formed in the vicinity of the channel region and
sepafidd effect Fropiger e M%Sftr%vswﬁ HTEPRIGYP &f 1hrger afy Rrchanygh gransistor or a

duct t f th h f
por RSN i B S PR S PSR AR Loy
doPegQ%@%ﬁgs E‘%Fﬁjg re%%ﬂst &'1{’” anvlﬁ)\le;sag gop%c? cﬁapr%l .%g&? dlgpogg %gtgge% 'the drain region

and the source region. The conductivity of the channel region, ie., the drive current capability of the

conductive channel, is controlled by a gate electrode formed in the vicinity of the channel region and
separated therefrom by a thin insulating layer. The conductivity of the channel region, upon formation of a
conductive channel due to the application of an appropriate control voltage to the gate electrode, depends on
the dopant concentration, the mobility of the majority charge carriers and, for a given extension of the
channel region in the transistor width direction, on the distance between the source and drain regions, which

is also referred to as channel length. Hence, in combination with the capability of rapidly creating a
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t he dopant concentration, the nobility of the majority
charge carriers and, for a given extension of the
web@nned67$ egi on in the transi stor wi dth di rect PORUSN7/022680
t he di stance between the source and drain regions,
condygiive phaqng! bgloyghe ipfulstinedayer epop appéipptipihef| thel copftpl Moltagqelp dhe gate plectrode,

conbination with the capability of rap |dl% creating
the oveBh FOMEFVYEY h i fEtnng eeEiop f"r‘?ﬁa'}“ﬂ%?e‘a"{’f"ﬁiﬁ ayaforru% of the MOS

tranSISfJ gsc t"[}qodeeo rrngilfoﬁz ion ol?ghre ng{Pl;[l ! eﬂ%ivo' cf v fvte(gperfﬁlglgtg%rgﬂﬁgqn of the channel
res1s{\)%l x‘éﬁheﬁl{ﬁééﬁﬁ}&f @J] }ya qg&)ﬁgnmd& R c“laﬁorp§¥ E&E lﬁ 1n£rlga%e in the

transi stors. e reduction o

(mahﬁggkahﬁ@ng@§§@gk@ked therewi th the reduction of t he

channel resistivity, renders the channel |ength a

dom nant design criterion for acconplishing an

increase in the operating speed of the integrated

ci rMbeicenginuinghshridege ofinthe mrepsstar dimk@ges, dbwdvire ifvplagysd glmdlity of issues

di mensi ons, however, involves a plurality of issues
aSSOfe\%@cswea‘tﬂb dhat e te g 3dKressprio ahiavet ltnéul}b@ffse@dmaésag@sps Qbjaipeg by steadily

to not unduly offset the advantaqes obt ai ned
decregfnégata? ‘F"?""&‘é?}%@a{’é MQ& t{aHSésto&sn d:ﬁh@‘["m %ﬁ@fﬂﬁ sQﬂhlsW dopant profiles, in the

vertncaﬁ 9 ng’tio% 1élso v('e% as in la%erzﬁ rJpec ?n zae gguu%d m% Ira?’nt an? f%turgg ICFIHIPS t(hgowde low

he Ve i on as we

sheeJ ﬁlﬁ%ﬂ!ﬁct qa'snlét?v%' ;P Ebmb"i’rfafr;onr\%gluz{ ﬁ&ﬁlﬁi' &artn@leﬁgﬁcﬁlhlﬂht?n%oreover the gate

source regions to provide | ow sheet and contact
dieletS ingdedial infay alsé) b€ dxpred @t th@ Fediked Bhafned ﬁﬁgt}f @0or@dd 3 Bintain the required
controllability. Myreover, the gate dielectric
channeh t@irblabilitya \Hoak @6 stee tad:azplis&nd fdr @bthikiag & @ighl claanet bamsIRbility may also
l ength in order to maintain the required channe
havecroreeatiot infllxintd ¢nythe Havge\carrier mebiity melbh eminmshegibopf the transistor, thereby
.obtaining a high channel controllability may al so have
partigly offscing 8’% aq"i"ﬁ‘*}gﬁﬁeﬁ%@%d by ihetreductiomaftpechange! fangth. nobi lity in
t he channel region of the transistor, thereby
partially offsetting the advantages gained by the
r e%%gé hga)ngrruo&slls &E’lﬁn&e(lf tlle %pt %lrh dme%L B]n%ez et G\g gﬁg QSgt]ﬂ%‘Whe%ransnstors

si ze reduct lon O tica

nece@adi® te@MPlaliondhd pd3gb1f RS R Ve@pmhent Bﬁﬁmoh@t&@ﬁo&n%chm ues and may
adaptati on and possi bly the new devel opnent of high ?

also Canrphexo BEHQeB B cddgeiitimenie §ais Bkt tBapbifily 0gredatiinl it Rakt Red lﬁoposed to
| ess pronounced perfornmance gain due to nobility

enhagje gfreatiamné] @endudtivityhef{ shebimesistop elepassd itceasngtheaherge ferier mobility in the
channel conductivity of the transistor el enments by

chanpeh £¢gion <Py stV chapnst ljaetis tharebs offigi the pefentia] fomachieragh a gerformance

mpw@erggrtagmcpraw%sﬂ%@ﬁa MM AT M
postﬁonﬂ \Aﬁalpw gnp astsp& te@qytﬂ%g$ e s?ah I H}xe eff c1ent mechamsm for

tec no ogy avor di Ing or a pos I'ng
mcre@@r@%h@éhan‘g@@arrﬁ& %ﬁﬁ@ iQHARb Alida Qo f AR IR ’b RN il (ﬁiﬁl\%]q’@glon for
scaling. One efficient nmechanismfor increasing the
instafddHyJ@eabidly tehsBE ofR&thpréstive buesst QhdTOIdinky 6@tht QRanfdl tdi® to produce a
|attice structure in the channel region, for instance
corrdsondingeauinriy theehaindl eegin, wisehpre@ds inviemedified s®obiliry fohelectrons and holes,
vicinity of the channel region to produce a

respectively. For example, creating tensile strain in the channel region for a standard crystallographic
configuration of the active silicon material, i.e., a (100) surface orientation with the channel length aligned to

the <110> direction, increases the mobility of electrons, which, in turn, may directly translate into a

corresponding increase in the conductivity. On the other hand, compressive strain in the channel region may
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corresponding strain in the channel region, which
results in a nodified nobility for el ectrons and
wheloess4erespecti vel y. For exanple, creating tepPSi/U82007/022680
. strain in the channel region for a standard
incregse yiher Bptilisy PébqﬁsCtherehﬁ nreyidingt the poteyfial tfpreenbanting the pedfdrmenge of P-type
materjal, | a (100), surface orientation with the
tfansemn et ‘“V%‘Hij‘t’ﬁ"faﬂ’?sg Pregaip S“gt“ﬁ“é‘“g:‘"?lt?}%‘?i‘?dr%&‘tW feiwcatm is an extremely

ncr ease Rn

woril SERPER f o B ke fioe S bR BUstART Ryl mew o
of sethﬁdﬂ&or%QQEC&'ﬁl 'rﬁa% ee tﬁel?zﬁ)rxga‘i Qx?gf fﬂ?ﬂ?}%ﬁﬁ ﬁpcroﬁcﬁ%do%/ &vnces without

strain int ion mayi ncrease t
requiﬂf’l%&@érﬁﬁe sehShRBYr xﬂcﬁé?i\ﬂ's Clﬂmng mbf}Eof mt»@mehﬁh1sht3@fnanufacturmg techniques
anci ng the perfornance of P-type transistors. The
may btilitbe @@tict i on of stress or strain engineering into
integrated circuit fabrication is an extrenely
prom sing approach for further device generations,
since strained silicon may be considered as a "new'
t ySenssquertynif bas hesn eroprseda intrpdusg. for itk apiigonéaqemighism fayer next to the
brication of fast Bomerful sem conduct or devi ces

Cha“{}ﬁ?f%l?ﬂt“’ PEYGI PRECERpEIR VE LB RibCETI oY) ST s
perfotrmanﬁe ot B2 cqunnel transn{?orT Pa)bl;eecsc’)% (P raLls %ncn?gﬁglﬁ%%tr%{iltcmﬂm oSf stress-creating

ni ques na nseque

]ayerp%&m tdPh® Qﬁ%\%ﬁaﬁj re,IanI rl‘-'tnr lﬂg lf)ﬁxgosefep Etraln eglgtﬁﬁ/g rm?‘num (Si/Ge) layer may be

|'i con/ ger mani"um [ ayer Xt tot region t

formbcﬂd ke @ram aBDRIHCORBibé 8 (B kMSistord, NBEreil MY cdnfpiddditelyl shaifed drain and source
correspondi ng strain. The transistor perfornance of

regiols @hagrundkial tsram i@ tadjacentiFBiyonkzBanged Fegiotl ewWadnl fyrmidig t@rdveel 1alxy, the drain
the introduction of stress-creating |ayers next to the

and se¥rearagidns plthd RIOS Wampistorhirs setpaiivolysesessed, wltile ghie MMDS transistors are masked,
silicon/germanium (Si/Ge) layer may be forned in the o

and gppseaygntly e §18W§@mﬁré@v eﬁai%,r ig pelictislyt fored jins the |P§405\/\)F?éf’%§?’rpy epitaxial

dd d
oo SRR P B SR RSP St s
transfsﬁg!mﬁ hus w]lﬁé’]entn% %det/@f/ghp{pggrdtea%g ms)n\%vedtr %% Use(?{llngl blalances the

source reglions o nS|st rs-are se
diffefeREQaRE by WhbérRrhdie MMIF dhe BVISS ShiRfsidSr, Whfe FBNRSS trzf'imgor may not
subsequently the S|I|con/gernan|un1layer 'S
efficelyeattibieliythd oelar devica pdriognaOS t r ansi st or by epi t axi al
growt h. Al though this technique offers significant
advant ages in view of performance gain of the PMOS
transi stor and thus of the entire CMOS device, an
appPOpFEH discleras nsgwe%eéyo Yaigws megodsand deaigesthapmarsiypidife ideast reduce,

i fference ca b erformance gain of the
&ﬁ\‘?ﬁ%g?“regh@?r pldhe pr‘%%f“rs }éje%/'iq%‘maﬂ)& transi stor may not
efficiently contribute to the overall device
performance. The present disclosure is directed to

SUMMAR P OF T INGENTEON devi ces that nmay avoid, or at
east reduce, the effects of one or nore of the

pr abd esmewing @fdséntsi £ dinphsdesumdblyNARNe Glventiblic id DMENG! £Blide a basic

understanding of some aspects of the invention. This summary is not an exhaustive overview of the
invention. It is not intended to identify key or critical elements of the invention or to delineate the scope of
the invention. Its sole purpose is to present some concepts in a simplified form as a prelude to the more

detailed description that is discussed later.
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The follow ng presents a sinplified summary of the

invention in order to provide a basic understandi ng of
waems/oaspect s of the invention. This sumary i BCHUS20aT1022680

exhaustive overview of the invention. It is not o

i nt @A the SF"éFéhf"P‘fef/ disglgsed pergip jig figestpd &1 & sasHEogdustPr digyise including

nventl n.or to neate the s e of the invention,
e PR Gprsssts WFee et e SCe "ELHOBES o e v
t he .nor

posn§ ng{pll(!)se toegle regé]egt%vgsgate i sulatlonqaé/ar ?é rov1d a semufolnélucm{ dlloy in the active

escription I SCUSS nera

regiond! Wh%ﬁtm AR dafve &db@&%gﬁeﬂaﬁ%{fgﬂn{gd :o hg bhisRGF B sinR aﬁ)fmlc species in the

sem conduct or devi ce i hcl erent types o
diffeR@t dcM@ rE8ehs.0MBus, M"Ui‘d‘nﬁktﬂmandﬁblflé RE@Misnts ¥R QlifRfenShdnaidt (JRY. such as
be induced, at |east at a channel area posi ti oned
N-chahnek @artsstotshandr Bslipet i tassisgpdd, Emaynsed ladbinflBhddayeithe Bigis of embedded
provi ding a sem conductor alloy in the active regions,
semiggpfycter aljopis in|chmignation withea slidontlisedemateial, whgreib e sifighe typofeemiconductor
the basis of the sane atom c species in the different
a"oyaB’?Y e ﬁ“@g‘F‘& nr oYRipige aeferReRive erfarmingf reaip nfguiGptgypes of transistors.

CondlEGHANI e J,% ﬁferent tranS|stS %E ﬁuch as
RRENRNHE P el ol sFETags B Ranirde s SRG B Rggymance gain
ek, SESOMR AN ka0l RERESFoBLy STDEASSC T DdUClONnien o

l oys 1n combination wth a SI i con- base
silicoMbInfhilm @l iNB Q0 EXRGveRf enRAFH thRHMMERE of. Jh%el@%nsgﬁs
sufficient for obtaining a respective performance gain
for both types of transistors. Consequently, an
i ncreased overall perfornmance gain may achieve
supecdrding th aleaihseativeenpedihen nisdaeal Igainna LaicoiedorNeideaom@ises a first
and P-channel devices conpared to conventiona
“anszﬁﬁ’p picfaltrpegndugtivity\pypecdemarisiig aj fire a¢tiye ragiam having dorned, thireabors adfirst gate
ech?3|veI enhance t he performance of P-channe

clecifle e 1t 60 EEsP &P%'sto alwétanuﬁlfyUgowas\ﬁém@?ﬁswrnaém extending
later%fy%%tw Sfleagl 150%{1 m srtl’uct*re %\eﬂorc% sdtHng'l v%¥@g?o% ﬁ'gggrst actlve reglon further

rans Irs con I Vi

com&@&par ia r%g se@mcfo'n&u%l%r ﬁlg&llla‘{?orﬁl&gbl‘pglelﬁ?sy Isé?lg E(ﬂl(:tgp glo wherem the first

hereabove a first gate electro The fiTst ac
semlli(ﬁglctbﬂ alff EBre286 S fisst BYHSH Bhih lidhk Yay& QN tenliddAddStor material. The semicon-
sem conductor alloy extending |laterally between an
ductorgieviet furthar ®mptiet bl seeortidhatsidpo bl @ segorid ltendhidtivist ty&Cthat\temprlses a second
region. The first active region further conprises a
activp zggiop ha¥ingsierpied deerakovop separdegateaglectresiemdiie ergordiretiveiregidn comprises a

sem conductor allo wherein the first sem conductor
seconf) PO RRE Plipy @V ‘P f‘§f5‘ W‘ﬁ’é aeﬁra seqopcpartionWhighere saga@fed By a region

cgnduct or. teri ctor devi
forchF F'?% I re s%ngconduc[gg glatgnasec SII'% Cril n§ tseé?n% dzprtlgnssgé%eb%eda second type of

s&m&ﬁﬂg%%kh%h&(n&%ﬁﬁw&ﬂat conprlses a second active
region having tformed thereabove a second gate

el ectrode. The second active region conprises a second

sem conductor alloy provided in a first portion and a

S ecoligontan@ier iMbtatie afitedisenalisalbed hbyinda meHdODMpEeE@rming a

fromthe sem conductor nmaterial, wherein the first and
semiepadusior apﬂyr inj it g@'werr@@oe and se seoond aeypereghn of a semiconductor device.

Furthermore, a part of the semiconductor alloy is selectively removed in the second active region to define a
central region formed between a first portion and a second portion of the semiconductor alloy. The method
further comprises forming a layer of semiconductor material on at least a portion of the first active region and

filling the central region with the semiconductor material.
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strain in the region forned therebetween. According to
another illustrative enbodi nent disclosed herein, a
woredokostecoONpri ses form ng a sem conduct or al | ORCT/NSA07/022680
first active region and a second active region of a
sem conduct or device. Furthernore, a part of the
sem conductor alloy is selectively renpved in the
it s

sec“tSded"éEc‘P .ye}ém?ﬂéeg ratits Rpqimet disqsett heegfn- ?g’g'iheﬂncwai%@rming a
Ll
layer (% a\AFrst S mlc nduc%orﬁm EhatTIF] dgfn ne(% ﬁ% CaOtEIPlﬁg?er:lg on ?g egctlve region of a

sem con or a

semibdAliioP gevﬁe ! ?Mfﬁ%mgnfe ?ﬁ{a GORARG R or TRLRL ,ﬂop?%a oﬂtthelfﬁﬁ%twe region

a portion of e first active region and
that &@ipfidedthe aRGbAR: MtlsdinitdA@ucRELTIoF OTHI WiethOd further comprises forming a first and a
mat eri al . According to yet another illustrative
seco@Nid@sH iRrkcodd seivo &gidn e isdmicoaduddi Bevite GO BPIoI dBMI% a central region of
formng a layer of a first sem conductor alloy that is
semighafiicioetjatiripl invhy sexpmirrtive sggivei Beally nheefirdt andghe sawbd reeesseeyé idifed with a
of a sem conductor device. Furthernore, a |ayer of
secord:SAMIERIACHIE P9V thatit dafined|by th tyooyamigisperiest he first acti ve
region that conprises the layer of the first
sem conductor alloy. The nethod further conprises

BRIJ*O '&glpilézilbﬁt”&qﬂmﬁg@@gnd recess in a second_ active
r device so as to define a
C e %E Qchleﬁg 'mQP bd BndéFtPAdcﬁg’r}Etgrgé H@(‘o‘ﬁg\kﬂ %1 désa é’t g]'netalg‘eg &P &qjunctlon

active region. Flna irst and t
with €8 @RSmRfAyi A Raih |negh1¥l4 kB refere R QCRME IS %@ﬂt@ﬂn&i @l@&]Qﬁs ﬁlh krOhich:
that is define bythetvvo atom c speci'es. BRI E
DESCRI PTI ON OF THE DRAW NGS The di scl osure may be
understood by reference to the follow ng description
t alfegared da-tiosshamrticallp llugiraten crosssectioa b mipan yi mgerdicamacvg sigvice during
in which |like reference nunerals identify |ike
variogs '@i‘i’éﬁf‘%"“géﬁéf’s 'lmfomva:ﬁfferwlg fffaingd pcvq fegians 9a theopsislf ja yemiconductor
[ Gl08S, sect | i ews of a sem conduct or
auoyc?ccordsn todI ]um?%'ve °§‘8U§ts (ﬁ%‘fﬁ?ﬁef%'ﬁrf'ﬂ;ri ng stages in formng

evic uri
differently stral ned active regions on the basis of a

sem conductor alloy according to illustrative
enpOdic RS sclinfufital Slsthes §bdisechbll LigSs giaa 4 miconductor dev1ce during
schematically illustrate cross-sectional views of

varicB€fAn0ACHIQ ages thefurimGn deffefeniNGstriiadd 008 rdgRA IvBdéinlin upGer semlconductor
stages in formng differently strained active regions,

layenihfrmed in ene auppegios ediscoedenty @ centralyertion of séroicamhttor matexind is formed
active region and subsequently a central portion of

in thedhey e adivoreeinmacendiag to jllystiregmbodiventshe ot her type of
active region according to illustrative enbodi nents;
Fi gures 3a-3g schematically illustrate cr oss secti onal

Vi % regfja §c%gﬂ1a(t"9anlgqﬁ:-¥st9€[te ?r%éls sgC%aniHP??er La t n?lCO {lucto: de\ace during

actu ng stages ormng d
varlo@§ﬁ1£n\iﬁctﬁrﬁﬁ|s€ﬂ§b§ f(ﬂrfgmgn%%i:f@%wl)ys@rmg@t a%m%lrgg%tng thqgspecuve gate electrodes,

wherein the gate electrodes are formed on the basis of a mask layer in accordance with yet other illustrative

embodiments; and

Figures 4a-4e schematically illustrate cross-sectional views of a semiconductor device during

various manufacturing stages in forming differently strained active regions, wherein a respective
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wherein the gate el ectrodes are fornmed on the basis of

a mask |ayer in accordance with yet other illustrative
wersds4sent s; and Fi gures 4a-4e schematical |y PCT/US2007/022680

illustrate cross-sectional views of a sem conductor
SemigRBGHCEB bR MG BFTuis diffar Berufciurie Seesassoriing fo fuithegillustrative
dlfferently strai ned active regions, wherein a
embgdiutBct i veseni conduct or al l oy may be formed in
di fferent manufacturing stages according to further
illustrative enbodi nents. Wiile the subject matter

di sglieRtublet %{a{t]er 'd§cl§s‘é§ h&ah lnsbéuﬁeﬁngle\{(?QArBH&S?odiﬁcations and alternative
nodi fi cati ons and al ternative forns Specl

form€ PR tic FRBEdFmenl @R halal@n BR&A bH RaYbE éiymﬁl\@ﬁﬁ tf drﬁﬁﬁ’%mal\deare herein
in the drawi ngs and are herein described in detail.
descstied inl ddtaldelt stodle bs trderstpodhiowmee ithat thél@dscriptich lIRBGF sppdifiddbodiments is
herein of specific enbodinments is not intended to
not intendied totlimat thenipreentidngm the partidylar foamst disslobesls buf o thes calirg g | tiesiateltion s to
but on the contrary, the intention is to cover al
covep,glymedificatiqnd §euivaleatsapd plisriptives Bikige ithin hp sRifinasd sopg ¢fjtheginvention as
f irit and scope of the invention as
de ‘"\é\ée?y ‘heacEP"tS‘ edic ﬁé“sappended cl ai ms. DETAI LED DESCRI PTI ON
OF THE INVENTICN Various illustrative enbodi nents of
the invention are described below. In the interest of
DETAIEED bisCRIPTIEN bF e INVERTRIN @8N act ual i npl ement at i on
are described I n IS specitrcation. It will of course
be vapqis arbat @EmbéiabentsBf thilRvaASIRkQHRRBRI bBIbw.2IAYheSMEE of clarity, not
actual enbodi nent, nunerous inplenentation-specific
all fedmes of apnstuahirgilenizetativacie dewrilzed i bis apetifieatiole Vie WdipE k&irse be appreciated
specific goals, such as conpliance with systemrel ated
that ig fg deyglopmeabef apyeselrasial embpsimeat pumstousibiplementitipi- -spycafioydegisignrmust be
one i nplenentation to another. Myreover, it wll be
made g ﬂ?"éen?ﬁf gorelpnyst SPeqiiaeoals: Qe at %S’ﬂmé”r'i‘fe Wfhesytam-iejash pndihsiness-related
cons AT 2 RGP Pr 8 ey Mg B e
devefg?rg?gﬁffortgﬁ%ﬂt Eég%omng)t( ?g?ﬁ{;cm cf) %m%vlﬂk)tavogfgzlg\lreﬁ%g%ebvewa}ﬂj%ne undertaking
for tHo&f of b1 silDintiHe@rt AivirR e ®ehefid of isQBcloMR! | OUS St ruct ures,
systens and devices are schematically depicted in the
draw ngs for purposes of explanation only and so as to
not obscure the present disclosure with details that
ar dh¢pesentispigeh matst wlonowy bs ldedclied wiith refdnemcexotthe attached figures. Various
Nevert hel ess, the attached draw ngs are included to
SUrUCHEES, Sy 95 a%‘lf"‘é%é6feafF‘}‘?m?‘rcF“Us‘¥’P'%qu 'Véheé‘%ét’ﬁ‘éf f@é PU5pOSgs[9Eexplanation only

and QJ as]cf' { %éu%ectbgﬁu{er% di dsclosu w1[h ds trags tgﬁt pr& »\fe usegwohegﬁf:(ﬂla the art.
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Neveﬁ%é %%Mchéﬁ" dt'annntgp§e Hl@lg%[i %Jc%g}: l)enan QI |a§n'19§sﬁad0@ E)}\éplgsnoq the present

phrases by those ski l in the relévant
discl&sRRCITAE words and phrases used herein should be understood and interpreted to have a meaning

consistent with the understanding of those words and phrases by those skilled in the relevant art. No special
definition of a term or phrase, i.e., a definition that is different from the ordinary and customary meaning as
understood by those skilled in the art, is intended to be implied by consistent usage of the term or phrase
herein. To the extent that a term or phrase is intended to have a special meaning, i.e., a méaning other than
that understood by skilled artisans, such a special definition will be expressly set forth in the specification in

a definitional manner that directly and unequivocally provides the special definition for the term or phrase.
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definition of a termor phrase, i.e., a definition
that is different fromthe ordinary and customary
wore@niofg7@s under st ood by those skilled in thePeEr/US200%022680

intended to be inplied by consistent usage of the term
or phrase herein. To the extent that a tern1or phrase

nd d to have speci al neaning, | a neanin

Feft ‘Pia‘ﬁ E AL "tfﬁtié‘r%’?%aeftsg/re&tsﬁ 9 "e‘ﬂChé‘ﬁTe‘l fgeﬁgamgs%%e types of
ini.tion W

stran§ Fl')l dc tlfe{ent ac ve reglons on tha b s1s Q an em eldgeﬁﬁ r{% orngli_cﬁ) a%ﬁ[ &I"} (Iggetrlt(i/mdmdually

In I'nit1on

enhaﬁ&%am%q lﬂlzr‘t’o?:ﬁ:ﬁtt:é dt (Hirfe%ﬁt ggﬁlls{&h e§ Pag Ip%'wogsﬁr tlhgllaxltxed? Igihéog;germamum

he termor phrase. Gener Phe “sdbj ect
matedhls GhiRp @6brdI@KsEh Mre P&h@ 8Rd ts@ml@onﬁﬁ‘c@?' N6 Gorf RbvidikeE kNG P-channel
different types of strain in different active regions
transgrorst ey dashesffadtivay usedriae dbteiding e Rdsgeoive Wedi for &l dhivieli tansistors so that
order to individually enhance transistor perfornance
well-gftabiiihed @rosess techmqvei devslopadyfoe P-chiwel prrapsijtauigiay be efficiently used for
expl ai ned, silicon/germanium material, which
enhaP%rrsrt%f‘sﬁéleef‘scagwf ekt it N-yhanack gansietps.c St e et ibiistrasiye grphodiments, an

i di P- ch, t stors, al so be
A T

SO a“b ﬁ@&QQLnsﬁe amzlr’itsl%a%t(rjlﬁ ]grg gpps' polt;]tlon 0 refepsecgt%e cha neFregnQnr c?fCtE Nc'-channel

ni ques ope r anne ransi S
trans%fof 'v@lll@ ok lhy oﬁl&%gndf Qfesﬁang%p%gsnteuﬁan? R?}r %@ rn tft/ channel region of
mobility in N-channel transistors. I'n sone

the P-tHahi®l tratkibtwie Bﬂiﬂ@dbs%ﬂkﬂicon@&nﬁﬂhﬁ,@ﬂ@l@stﬁlﬂ@ﬂeﬁ QRIELAGE Bffitaxial growth
alloy in the formof silicon/germaniummy be used in

techrquesa ppRy dpr wsed d@n comfuilagmr &ith cidvap@:d amaski0g ir¢pitoks €in dorlle@ NS | fré@vide the
stain, at least in an upper portion of a respective

Seml?,q'iélﬁt?ela"qveg|a0r@pmprtatqecowgetqmm@t indycing sthes legired tyghei dfestraip rwhile also
the other hand, a respective conpressive strain may be

providing 3 gy dFaﬁeeﬂﬁ @m&qﬁ%ﬁﬂwwbﬂegwahcoatenme POCESh Sgfiques.  In this respect, in

some lh‘%P%ﬂVC qb lme t heese Cl@()s lilC\Q/Oé a@o&lﬂ%aé)“ aﬁ'l’? V&tma{t[:lwecr%cina &‘lé’l common .
proc&?%q&ﬁce%ﬁ@ Qhetegfte‘; qmﬁer@ttﬂquwwrﬂ%r&n@g\{é}ggy%% {:?pgkénn sequence may be

regines in order to provi e semc
perfoifled@ 0 b1a@! ioatofn GO AEsirgl p@fe@iBal f @hfiduREMC b Sertidd8d RS | Iafl d and base
type of strain while also providing a high degree o
semigmdces saterdifrabbtlining & Yesind diff@abe/@nliel redpedtivadin@e&iSsrains in the different
~techniques. In this respect, in sone illustrative
activefeioph nents, the seni conductor alloy nmay be forned in
both active regions in a conmon process sequence and,
thereafter in one of the active regi ons,

d t t rnmed . .
R AR T SN
an Nscﬁ;mna %IQHQI: Ha f(ﬂlnanYhet%Qﬁja 5@?? bé%&gﬁldy&%lg)ﬁelggggﬁérlsﬁg strain may be

for obtaining a desired erence Int espect

indudeB\cht R @ElinShelPped Senlicdndo@r Shirfaf kRRLy ity EAFAHE She efeBfon mobility.
exanpl e, by providing a substant’i a 'y continuous

On tbd bther Gurddg éne FBibanipaAn@hibi@ Yallbynint theLackiCd deien bfe@é BRhdfel @lnsistor may be
N-channel transistor and formng thereon a

apprepriptply opitened end mfdlted with|the mivprglhctetauptesial, ohiclt ems there experience a high
strain may be

degree of compressive strain so as to enhance the hole mobility therein. In other process regimes, the
respective semiconductor alloys in the different active regions may be formed in separate process sequences,

thereby providing increased process flexibility. In further illustrative embodiments, a corresponding masking

regime may be used for selectively recessing a semiconductor alloy in one of the active regions, wherein a



i nduced, at least in the upper sem conductor material,
thereby significantly enhancing the electron nobility.
w@eooslstiers her hand, the silicon/gernmani um al | oRCT/IS100E022680
active region of the P-channel transistor nmay be o _
correawﬁl%rflqsgfe&nv nﬁéflfoé}eﬁg:e fog framing resnestivg 234G §194tredg thereby obtaining a high
d Fonduc r nater4 mg: ﬁléhen experience a
cerff ) RGBT R Rsle e Srah e ig L gemion
ducta%agrlﬂoapiellsk 1tn¥)ne ot}?nr gctw reI lQnSOPO ﬁae bps Oofﬁlg fc)’ragegs %grlmes ’descrq)ed above and

respective sem con s 1N

descAteli 1Y of ﬁgﬁo%&tam e%leﬁtg{rmgdﬁcmg $ROaAMiah ﬁlapﬁe%@vﬁi%d which may even
sequences, thereby providing increased process

be cdnib@éd Wil ddbiional tBehhibiiel, REUh ad Jtﬂedd&i(fvéﬂa'yéfﬁ stREBO G VBINpRoers@nd the like, in
correspondi ng nmaski ng regi nre may be used for
ordeste keg furthie leyhatice e s &raligie dceperfiraaneluct or al l oy i n one of
the active regions, wherein acorrespondi ng nmask regi ne
may al so be used for form ng respective gate
el ectrodes, thereby obtaining a high degree of

aI |Ig FioA tbeoaPPiesiRied: Birt e suhigst ﬁ@““ga"('sé‘o@ldé%fter"ode@,g‘w fidyantageous in

combm 1on Qltlreg lsélf(pn?gé%ia{rneﬁ!n Egglﬁ%g{'éor OR(@, sdrch {(}n% 81}%21’@%%%@ p&jﬁahty of well-
estal'thg@d Qs?e%t'wé Ptaxxslrk?om Qaﬁﬁges aI%ge a| d&s‘cﬂ%fl 'b%)%?laﬁipdolytgr o% im more detail,

descri b ater on In an e

the pBihdipids rdls&lm&lﬂélrengnﬁﬁﬁb Qtﬂipﬁlﬁh My QFe (9 kQitoA@R-or M@if Gih B8Nicon/carbon
even be conbined wi th additional techniques, such as

and &é liRSSIRekimkEdolrapeidmg diSferems Seshait ind LX) Ue a6PMPIRKE elktd wit& inverse
like, in order to even further enhance the overal

geongt@igal cenfiggntion corgmacd to embodihantsl idl which agilpr@germadnaich thduainl hadyde used. It
subj ect matter disclosed herein is highly advantageous

shoujdfughsirby #paterigipd (hattim additiop|tg eroalieativeinm seferieve WP‘@@S‘HUEI@‘Y@ techniques,
all oy since, for this nmateri al pluralit

othet,pde %*tf&fkff’ “gﬁeaose%?f@&?qf E"Yei&‘F‘i %P%P‘B‘P“‘ﬁ%\maﬁ%‘f SEh i Grigation with

h
the sgla%t I%c osedr }?err‘]ecl:n W, erem sta nBl e}i&e sﬁuénrz érﬁaﬁnnﬁarei)glr%ﬁs énggg%used In this

acp,pl H%G to@a@r}y Lcypee qz i} MO BUGEOfhayel
e |Oconr/ecar bonSpanld Et:phexl %ke %/\}/ner eSI naﬁe@%gﬁfesgo fpoﬁdmg fon

1mpld1ta‘t1fn€;5r&ia§$e ForlexflpleddilitoNBiybod bif9s ALy REeFaNRly &h@ded@h ia®hsis of an ion
with an inverse geonetrical configuration conpared to
implgtdtiod prawest i combivdtipic itla saphikticated preremorpiization rEiped rahcahnnémybchniques,
be used. It should further be appreciated that in
therefy Rnderip sitigpne#rbadl 4 ¥anh aremisiag yemlg)ngl@toe@thywe ce'p'maasm #jth the present
rowth techni ques, ot.her processes for form
discIgsue f‘cvsrh@ BEPese & taxid &W’htgchf"ﬁw S fhdy a"e»hmawfavefﬂé b difigult to be
impl mente&)m cury nH‘JI\%S g\{logehset he subject matter disclosed
wher er nP'sy 1ant|ally t he sane maski ng regi nes
nay be used. In this case, one or nore of the
respective epitaxial growth processes may be repl aced
by refefRf reSP@REH NG1ji GRpdciRl aModineRY AN OKMSDe de@fibed, in which a
exanpl e, silicon/carbon alloys may be effectively
semigrathetoablepg oda spehific @S| sBchals sBiton/germanitip, @Ayt @tforad B D&@HBn process
in conmbination with sophisticated pre-anorphization
sequensg ingelirstaimd ageneeictiveetstion. oNbersin, inhdpteryanpferteae istagp, a semiconductor
silicon/carbon a very prom sing sem _conductor alloy in
mateeﬁnsdflhﬁtsrha?p WY he foHJépdmn é)g%?]ftthe active regions as a substantially continuous layer,

while, in the second active region, an area corresponding to a gate electrode may receive the semiconductor

material.
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di scl osure, even though respective epitaxial growth
techniques for this alloy may currently be difficult

W e0oBe346mpl enment ed in current CMOS processes. Ref/E8200TI0R2680
to Figures la-1j, respective enbodiments will now be
de g-"'égu{eblédcheqnﬁlc i Idystrates @ spisQrdrtps deyice 40¢ Wp@sfmgaa substrate 101, which

ecific t such as silicon/germani um may
mayff@’fﬁ%@aaﬂyr@ég%mew%%'s@r E?étzfag ped ﬁhﬁma af%ewg?ndaﬁ%f layer 102. In

some 1ﬁ|959rlwe ?I%bodlmentg %% 590 fratm(? ma Rrgsentta S}hc(r),?act Pslulgior (SQE} Cshbsgge, which

,asem

may %61411}”@@2915/ aﬂﬁ)fmg}@ cat-rge{' Hl?tgrla@ Rucl rﬂ? sxl(?Jon ‘n@lﬁdlﬁgq l!)u\[igd it;\ﬁugaiti%’]l%yeﬁguch asa

a substantially continuous | ayer,

buried Gllicohedidx@IQ i1, (nAARhdWn LS WRIEH BHPRT6HR@ b @enﬁcog@ucl%r layer 102, which, in
el ectrode may receive the sem conduct or

somenitseativabmbed gt nag bsepreseréd Wail shiigon thdtdiial MALERS ilAistrative embodiments,
sem conduct or device 100 conprising a substrate 101,

the syprirett) | Neryayrreqsesens @ semienmguctap pyllo pibbtateeancipperi pertiomaft @ri¢harhay form the
for haV|nqkforned thereon a sem conductor |ayer 102.

Sem'f%d%cwhﬁly‘m Plst e i“i?%ec'e#‘db‘d'i'%@natpgf?c‘%“ﬁ’éh% abyseasitiens! giggment, such as

resent..a s n-on |n ulator (SO )  substrate,
abo gﬂmﬁ,{asatg tﬁ.p?{elrtg:él hed%ﬁ rlSd% ‘5‘9%5“6’8 lgsra} I8 Fthﬁﬁ?s&op éﬂformatlon with
respe%ytg tt]ue%&st ebIO? Qlhich Cf l Hed dold gc&%d 9}' 1 defe encen ‘?n t&u%‘ ts Ins Si’l]% 1coB<H.nctor layer

such as a burie I'’con dioxide Tayer
102 ?M}J lﬁhocﬁay ap(ﬁ'e u 195 fﬁggra& h@l ang ma§ 9&5{&' ClEt%lI)J ai}{(ﬁgatquggat the semiconductor
which, in sone illustrative enbodi nent’s, nmay
layerf lepéxﬁﬁﬂﬁ‘ﬁaﬁﬂkl Bya sarfeé 1016 oNhdRabs@hte 8d1. SIntilady, B B¥ickness of the semiconductor
illustrative enbodi nents, the substrate 101 may
layerr ©Rmeg emtica® s @reiGoN B ¢ Gemibendictd Udysit roatie a daxectibhp @t is substantially
portion of which may formthe sem conductor |ayer 102.
perpgndicylafjtasthe wefgsed@lS. it shoul d be appr eci ated that any
p05|t|onal statenent such as "above," "bel ow,'
“lateral," vertical and the like, is to be
under t|ve ositian in orna
r egg %geﬁn?éagd ? e eglﬁ s 2P e T ORAE A R T ma‘b“éac%ﬁ%f’t%f&r gpfurality of
1sola§(§x s@u&t@gser(ﬁnﬁx@h aJ i sl‘iam)vﬁ u%&ﬂqﬁlau&rh d%ﬁéﬂ l&oﬂvﬂlgﬁn% bla %ﬁgd in the

may be | ocated "above" the substrate 10

semlﬁﬁﬂlﬁ!ﬁdla or ab2edoak loyborderd Adlivadth Bint Rakst iche rﬁgﬁ(m ©9K QMQI ngnd active
| ayer 102 extends parallel to a surface 101 S of th

regiog UBEBX riathds rdsPekt, aShcrivd ragidnyis tosbe uldeBlob®S% sexhicdnli@tor region havmg formed
sem conductor |ayer 102 may indi cate an extension of

therejnper reeejying othebeificofopdng fistribulion for porggspatindinebyt ddisting it condsictivity. In the
substantially perpendicular to the surface 101 S. The

Con‘%b‘iﬁ“l‘?@ﬁé"ﬂb‘{‘%iigs‘ﬂ%e‘? %Vﬁfwnrw ereu rfltr%rbe B‘Eﬁ’ﬁ'ﬁ‘f’?dsaé a seggicongfcier region

{
havm&t orme El?rg{rc)’ oixgglvmg%gdﬁpam [gotlf sﬁ) aals It Otiwn} 3 %]ﬁ buHctiog 6‘1 sgeECffB ﬁre%\aithm the

actw& ngrt 'ﬂ%ﬁexar‘ﬂﬂé mhé@%oaﬁ\elﬁ 9{0%‘31 P|1 F] lg eLhe a%m e%ﬂ)qyﬁ)%RrIOSB may have

| ayer 102 so as to border an Ine a first
incorpditbdviBleréi @ teiRctild Bddam Rehcenusn Q6 &k té'lﬁltollllfeea | %é QRdut 3B and 4 N-type

this respect, an active region is to be understood as
condectigigntespparael et Bur exaggieOthe fivaactlg rdgdh MBTA may represent the active region for an
N-channel transistor and may therefore have incorporated therein a P-type dopant. Similarly, in this case, the
second active region 105B may have incorporated therein an N-dopant so as to provide an N-type conduc-

tivity appropriate for forming therein a P-channel transistor. Moreover, other configurations may be

contemplated in other illustrative embodiments.
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therein, or receiving, a specific dopant distribution
for correspondingly adjusting the conductivity. In the
wam/@mﬁm)f the present disclosure, an active PEQUS007/022680
even further be understood as a sem conductor
r egThE)ﬁe"I‘i%f\?F‘ﬁEj’f flefiseldO thehwinnin digvfee el by fosmedosathe basis of well-

PN t { f
csaffih eI RRter i AL Bimnbit Gasa B hghsealen g of e

trencﬁ%tql q%g%pfﬂ?eo eclrllg ma ergallj s\th a? ilic h? %xm% snllcon mmge and like,

ave 1 ncorporate a respective

dopant concentration so as to provide a P type
conductivity and an N-type conductivity, respectively.
ForFigaxanp| sehembd@ilyf lilluSttated Ché bBmicQQPhcn VA 108Yin a further advanced
represent the active region for an N channe

mantfacamisg sthger Had teagevich @k fsoxpsdiav e jeRandt pah atmeidntt 106 f@i sBlectively
a P-type dopant. Simlarly, in this case, the second

remoy g jmaeripl efgpimo the FI0% Bndyseyond avtive irepiros pefratl @B inhedeeitnpravide respective
N-dopant so _as to provide an N-type conduc tivity

°Pe"a’|§b+036r l%?eTPf‘oﬁmhfP&CFﬁs AP Prvehedppraedmntheatiepf well- estabhshed recipes in

ot her. at.ions may

orderC t8 r% eecrtﬁ/) egave t{a IBi\teHléfa{, of. tlfel rﬁg?nls g{)g/\/ Z(%rgn\wgldi:%h{o thel-ﬁ(gatxon structures
103. Sﬁép iffs quﬁl%lﬁy %e%}{\;e e?cthQc\%Bfl re Sat/]a(a Esnﬁ:og u“;ltg res ecp?oy SlllCOl’l dioxide,

fornme asi s of esta proces
silicdn&fitid £ @, 1ik8UaHe ash $rb@ssPdb Lz} b &Qtr&fed KRR RECLT14S some of the base
trenches and a subsequent refilling of the trenches

matevial tolfi th& rseraip @i ilgtrel 0din@ly @€ ifainRinB@t Bius,a corrSdg6lAin@ Srystalline template
silicon dioxide, silicon nitride and the |ike. Figure

layer} pdicatdd@sHi5i mayl rempain inordstt to prowde 4 dogesp@nding smdtwaductpr rokarix foeepitaxially
100 in a further advanced manufacturing stage. Here,

growingd CerERspoRding Bryicpryugy ;?B‘@’e‘@l a pufsequegigiresess isigle leshewld hq‘rftvpfemted that, in

Séﬁ or selectlveh¥ r enovi n% material fromthe firs
an SO prugig iy thy sgmicead @@Iab‘?’]éoﬁ iy /be byrgesed ‘F‘h“ed’f’ﬂ?é?f“a‘tdé‘““"" by a buried

insula{ngYaig no_}[ gg)gln)gatnld 1so tl%n sp &;‘?u 1R)§ n{aﬁ Q%E down t8 fthe burled insulating layer.

orne

In thmli;e tﬁ§éta‘1bdr60§£qg6 El?}p%%%?%éd rbn&ﬁ&' @)[postlr% d@eilluﬂjg_% %%ﬁ 1}% lﬁyer while, in a

remove the materi al e reglons
bulk t&Fip@&tion ke doR&pind} Adntr&lIdf &k EtUlCﬁrUJe%SIOQ- B3y beMB% cilitRAsHBCHe material
hi ghly sel ective etch recipes are available for
of thg substiee N0 Wniytulsp @8 pecdorrésporging te@pate Ga®idl.d &fter elformaon of the respective
nitride and the |like. The etch process 106 may be
openingin {464 1488, appropriaterieces tstepseraayt beporismesk intorrer toapsepare the surface of the
of the sem conductor |ayer 102

‘emp[?r%‘w 'i%ﬁé a suprfgeent epitg ﬁ’@%dﬁ?&?sh gFO& wg'?lsﬂ Wefl Yﬁgabe ighighPragegs recipes
are JVQMEI & r SnllCO a‘etrggnu%s wl?nbh FLH 1tax8u érf) Ih oﬁaﬁ Feyos'gt%q, stlicon/germanium

e a correspon ng sem

mateﬁzln 'nﬁ?& ﬁbgta)ﬁtleglg Qé@‘ln@lgd f t&%ﬁo@éﬁgr@aqé Qfghestg%l Q?&V (1:(%50 [vhile a significant

oy in a subsequent process step.

mateA) REGitidH AChiHeNedposed Burfadd pofdonsC QB hsOthe ﬁélitfaﬁ‘ strcflRs 103, is significantly
sem conductor |ayer 102 may be bordered in the

suppiepsed. zont al direction by a buried insulating | ayer (not
shown) and the isolation structure 103 may extend down
to the buried insulating layer. In this case, the etch
process 106 ¥ be stopped prior to exposing the
bUIngérd 1¢ srhgmpagedlly élu*tla&f,‘& e semxﬂo?délctor dgvige 100 after the above-described selective

epitaxial growth process. Hence, the device 100 comprises a semiconductor alloy 107 in the first and second
active regions 105A, 105B which, in one illustrative embodiment, may be comprised of silicon/germanium.

In one illustrative embodiment, the semiconductor alloy 107 may be provided in the form of a substantially

10



bul k configuration, the corresponding control of the
etch process 106 may be less critical since the
woraiosnsamls of the substrate 101 rmay al so act asP@I/US2007/022680
corresponding tenplate material. After the formation
intriggfc serpjeondystop material vhgreip p eqqpireg §0pwawﬁlellmslsacna@rpmp P, ¢05B may be
process steps may be performed in order to prepare the
Pf°V§54 ‘?“afE"ebaE)‘f 0 aﬁéont"@wmm&f’%wpwéaasei 02 FOFESPANIHNg [FREKfERIME, as may also be
r.owt
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the s§ﬁ11|céng&ﬂ{r glﬁ)ry Wh%e d'e&) 1 Imctlr?e fonﬁ ofeaHItJ s"i)t%f Id?ded %Qrgﬁ ﬂ o?c{er to provide a

eposi ted si’licon/gernmani um nateri

basicS Haﬁﬁta&héeﬁﬂrin}dn b by h;ﬁﬁ'cﬁ‘aﬂaté Qort ReLXBRS L 1R uzfc&@cl% iofs 1038, 10sB.
tenpl ate | ayer 105, while a significant naterlaF

Subsek@Pl§] 4 ta@Rspoidingt ikglant@ip PHeds tdy bapafopn tin 61, to SitGiuca s sufficient
the isolation structures 103, is significantly 5

amowy pfspers éabantFHin gha pderloge o teacrive regimhsl 1IP5A, [1DIPssb metb e vitidide desired type
sem conduct or device 100 after the above-descri bed

of condpcsivipy; v B eptetilysirative gmbngimenisy e semicondysiop alloyt @ nepy\fiaveea varying

rises a sem conductor alloy 107 in the first

100.co
concHA G, BT PRyaor BTGNS 106 S‘i‘?fB‘B’“M?rE‘hm“"i‘ Aloghaay vary in the
vem!:al dHéc’c'iugl} Enl Xr%ere o%gau{rﬁr desxr@%trzw f&rang lSthS g(r){bgaiinﬁ% tPe germanium

I con/ germani um Ive

concterlﬂx%tlo%% ©0 MLLPonPbd BN toltgg Yy & 19{r94¥1h %ﬁlg arh(ﬂmtt J} Sattice mismatch

formof a substantlallylntr|n5|c sem conduct or
with F&Rpef to @le, tetﬂﬂw 18yeR 163 sb @ALling ﬁldntglotﬂf@%talnﬁeclfefel:@ dirfRe $H3 @pitaxial growth
active regions 105A, 105B may be provided on tﬁe basi s
procef maybein@intainggpita Mivale ted rHopk @€, &r5@heb @S thnP Wertétal concentration profile may be
correspondi ng mask regine, as may al so be used in
createdwiingthe sslagtive ehitgiial gro wthwghrneess, depsprdington vhe device ireqairemengs. ons
are defined. In other illustrative enbodi nents, the
seniconductor all oy 107 may be deposited in the form

| i de a
b R i
mstallc%%xtforglaieorffhe tbgs?s (%Ct éhgrglcgl cﬁ)alﬂf%?_régﬁﬁ}ng B on ocess there%efﬁcnently

Subsequent a correspon roc
remV g RSY écxﬁhrsﬁﬁﬂerlanonﬁeds%th)rﬂudtcﬂtanQdNﬁ € Féthsitlolel £ Eﬁﬂ&ntlﬁmﬁr surface
of counter dopants in the other one of the active
topograrlyy 00VS mihQ bepyrovided Br ;o fudtBer pOcaim\of e ddvize 1adesi red type
of conductivity. In sonme illustrative enbodi nents, the
sem conductor alloy 107 may have a varying
concentration of atom c species, for instance the
r atFi‘gd’J“’ofle Sehemesisallya USSP ritinisemiFeadusios dewige VB9 yin j o furfher advanced
ve i cal d|r ction in ord to o?%ain the desired . )
manifEIORDE Vi Ut AP T BIoEGYS TSP SRR o FHE WrRRpActf rogion 105D

whnlgﬂg gthre fsl &Bve onq65A Q%4 ﬁe %1%1(11“ 195n I?u(?ﬁn%?n?letgho r(‘):ce ’109 a %ortlon of

y also I ncreasing t anount

the pdsdd sBRHRGLor tafloyt PRerh I iR thE filsRY & Ve r]:gén fBAL ?tbe 1'rc!?lﬁ)ved down to a
nunber of crystalline defects during the epifaxial

specifjedD Akplth, prhivt €88 BeRyeldoed REdhnthali siREquaiitlyda kw¥ii¢idne Widkness of a layer of
However, in other cases, any vertical concentration

semiggmdyfciol enatema), doeh @rse'i'abrednad (pe iobrgin¢dhie aslatereminufagurdigi stagek whikh may be
growt h process, ?endln on the device requirenents.

form&d on the recessed portion 107R of the semiconductor alloy 107. The etch process 109 may be

performed on the basis of well-established process recipes, in which the semiconductor alloy 107 may be

selectively removed with respect to the mask layer 108, which may be comprised of any appropriate

dielectric material, such as silicon nitride, silicon dioxide and the like. The mask layer 108 may be formed
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Figure Id schematically illustrates the sem conduct or
device 100 after a planarization process, for instance
w@erBoseserl on the basis of a chem cal nechani cBET/US2007/022680
polishing (CMP) process, thereby efficiently renoving
and paflerngdc e'e§§ besit et Wﬁl esigplishadeteaiaiics.ofel insierse inglidisg thepdeposition of an
Furthernore, a substantially planar surface togggra phy

apPrRE FAsY "ti‘@"ﬁr‘avﬂa@&a'f Bporg FF@OSI“BP t(HEP) prdod srbatplitbperphy; prgcess for
0 |IIustrates t he

corresé ndl% ger in ‘l"%'é‘i‘f.ﬁé éer i@%onqgamm%o?a er a dvance d
nanufacturlng stage. At this stage, a mask | ayer 108
may be formed to cover the second active region 105B
WhiHiRreeX RAEhAAEIY NRstiaief it sedficdohdiBor REEON0 WP dd@itidA B1sk Ryer 110,
anbi ent 109. During the etch process 109, a portion of

which Iy Bxqoopesdd sfeny proghittd mdterial, buoly asiBi@ rittidle, ilk6n didxilidddd the like. In
first active region 105A may be renoved down to a

one dlystratifej @ubodimpriththe whikclhyardyO ey delcouiried fuc matidphthaving a high etch
subse ntly a sufficient thickness of a | ayer of

selecgixityi Yf‘g‘rfefi!i’ﬁ‘t‘ & theretenigl g1 the sagknlaygs 18§ | Hog iptancepgtle mesk layer 110 may be

at er st age, which ma

b t be
prov?js %él?f ({1 %@ F@@B@’s‘gg ngﬁ?ag'?rglhé PayAs 8 prtstbof silicon n¥tr1de Thereafter,
the rﬁzgp‘?ag Cz}nﬁ) (ﬁ%!lyolye Spagern P n ngdTrttg Ia%ff?l%?fr:es ectlve olpenmé ab(l))ve the second

on t
active @&Iioﬂ 8958, 'v@cha? rlBe ta&@m}[ﬁ @ﬂgd GR rild:%glp bt éil:drrg%orlug%lyr@yl gr@@ lithography
selectively removed with respect to the mask I'ayer
procds®8, which may be conprised of any appropriate
dielectric material, such as silicon nitride, silicon
di oxi de and the |ike. The mask | ayer 108 may be
formedand patterned on the basis of well-established
t edtiredgediematioplyjilfustrates dhe s¢npieondpgiondevich E00aEerdhesi cpirgsponding patterning
an appropriate mask material by chem cal vapor
PrOcefe 3 Bt GHESPEUS "%‘Eh‘dg b1 0B re arﬂ%%r@ftﬁp ﬁ&thbfea'&egdgﬂ?roqﬂoy 107 in the

108
secocéJ ac{lve T ogfongbgrhg SIX g% gz{gr\)é %\%@Exp&nt %psrﬂ {) Day § stantlznly correspond
in s&el, Lﬂdsﬁogl%net% a EAEE ﬁ&%&%%% d glﬁNé e s %ﬁggd X\ét&nl:] Qn IO%B in a later

addi t' onal ayer e conp

man@Yurid X P I leLilliRh @k le@bodinFHE hheas‘f’ze%l“ {ht 6RRiInd fOW @lﬁus the horizontal
silicon dioxide and the like. In one illustrative

dimessitnad kheepning B 1A inBiglee | @yray béltlcibmty bOgredtd Mal A S@@spoddird gate length
mat eri al having a high etch selectivity with respect

in orgley tq Mevidedtseffitiedt profest masgimmgikdel @ypeqommOBite afgmentryotegmigties during later
the mask layer 110 may be provided as a silicon

ma“bfiica&'r‘%j EFOFFa% for a{?fm"\&ﬁ%ﬁqrefnﬁﬁélw &Y Fledtode- n%vwﬂkfé CESPR v@@aﬁed lateral
of. silicon.n eaftq&agthe nas,

dlmeg%(au ({ 1}6 Ongbli(gApg\H %'P“ F l} ﬂler ¢ of, c8m&aé1F f gny g)rmmg a respective gate
msulgtﬁ)é ga%'g%m&h@aﬁayhragerﬁ%gyo%d? SIX ﬁtﬁ%%ﬁ%llﬁgftab%l% eﬁe%tgc}dg Q[I“ to be formed,

I C be acconp
whe@i iHe@&PRAGI cﬂzgic)érlﬂﬁsséf%egdte hdst1RRE 190 et B GidSwal & bfht Brresponding
Ig schematically illustrates the sem conductor device
gate 2B0road, tray bé¢ previded rsuiteamiany inbeperadtly Efomi thjcharacteristics of the semiconductor

alloy 107. For instance, if a respective gate insulation layer is to be formed on the basis of an oxidation
process, the respective oxide may be reliably formed with high quality even in the area of the sidewalls of the

gate electrode, as will be explained later on in more detail.
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process, so that a correspondi ng opening 110A may
expose a portion of the sem conductor alloy 107 in the
W@ emsnshezxt i ve regi on 105B. I n one illustrati VECT/US2007/022680
enbodi nent, the opening 110A may substantially _
coFHESwFfd tersemiconducin deviessiop inerpesed & datich ambisat Héorer femoving a
bove the_ second active region 105B |

be fornmed a
portipgrale SHERIFUEY abvil & fghes P s 1ORQLF5Felne  cenval region
107Iﬁm?he e mﬁ ?cﬁiég t h1oen ﬁ)SE ?ha rec%lvg %epmlc% cl%léhmatena‘;m a s;.ﬂ?sequarg process

Hensi on of the openi ng

step. %Xonté%hﬁ@zltﬁ@én%dx‘n@ntp the 9&1’?&&% (Jtl h@@on"f} | ggﬁcﬁﬁﬁm}r&gonding opening

gate length in order to provide a Sufticient proc
may BBF@hél dovn Qs €he ltentplitcABed NIBD (lfileC intd thed BRBIAImeHE GRS &e@ihrbtfhlfésresultmg
during | ater manufacturing processes for forn1ng t he
opening $siese triticd, grae elyeérﬁﬁﬁlrt‘g(]ﬁh}:nalldﬂthe&d’mﬁd‘ondlﬁtseﬂl,oy 807 may have substantially
i ncreased | ateral dinension of the opening 110A nmay
the spielaftigeespacing ephnerrediogheelemplfite cravena tl Phitereby pioyidifipn wiystgjlize template
respective gate insulation |ayer which my then extend
havingesybsiaptiapy bp saeicirealivegeijghpractesistics Wi fegped i lattipeogesing cpmpared to the
be f rmed, wherein the respective characteristics
wmﬂﬁeﬁy 1 gate i nsul ation layer, even at the sidewalls of
the correspondi ng gate el ectrode, may be provided
substantially independently fromthe characteristics
of thhx% $iE %}Egﬁlgﬂﬁt QusiAlel We %%cong&for | RSHEANGE in | af fiflther advanced
respective gate insulation layer is to be fornmed on
mandfit@ribAshge. HeredMhepril 100B i FoDRASIH thel RMicHRISRGCAIbY €07 to define the
oxide may be reliably fornmed with high quality even in
respective centrelaegidn. Flrdemiockethanhsg layér 1t h@aytatrenoebdato txpogehe fAs active region
will be explained later on in nore detail . Furthernore,
1054 HE> s gids @ weftreropdingdelpétive etsLlomoq'e§ reay (ho pertrred, wilppredrt hérmaterial of the
anbient 111 for renoving portion of the

maskslgis E‘BHBM &t %slﬂctavrlw &y’owwwesm@o [addver 1GF ardreth gqsessst tge material of
the tem@% lzaye ﬁ)l‘ p(yr exam ie res %‘6 FF]UVF etﬁlhrea?eégo(gsn\}%m 1ox1rc]e s1nc60n nitride and

i ve ‘FEGIonP
sxhco?n%rg \%ﬂrkgt%itslgﬁ il & ' ﬁl)re \Qr %e%lekﬁ?c%%b‘ ﬁn@} bedu Q&e?ﬁo §tse%3tlve epntaxnal
I'n sone illustrative enbodi ments, € etc process

growthSpréze¥a tt 10h bk 18 kil the Bpdhing lmr\ﬁlﬁiﬁﬂgﬁl@’dnﬁ'@m@ R@Exiial QucBY sﬂli%@n while
formed down to the tenplate | ayer 105, while, in other

also @robdgdi aresestjve tshigicehdytdn nokeritlhabovee st lstrhitt@dw@ e Rilsyghavihg the reduced
| ess critical, since any remaining nmaterial of the
thiCksfémif@mfeﬂJ@ﬂ@?R al mbﬁstlﬂmenwnhaiﬁe Buring tha ixtléchive] epitaxfabgrowth process
anme |lattice spacing conpared to the tenplate materia
112, i'ﬁ@fysff'H'éerS&Bg?O"ﬁP%aEHYn@% may 38 S Eplae, tv@ﬁ‘ﬁ‘l"die%e"ﬁ‘ag/?'h@e degree of
latticé ug‘s?ntgc e?‘tfv%? i CeSun erl n?g\g%éé%ygrt JOggtg F wéyedegijsg%di Walconductor material,

such GO{RBA %giytbg dépggte& &)rgg Itoaguﬁstgn l? Eaké‘grpthe “%I]B%?'Jhg confi uratioa (§|ven by

schemat i cal | y Illustrates the sem COI’] uct evi

the ntaBrid@ 1H1R, tHeRby @dWARNCLE IR Bu4fa 6F dihin RDhS bedBPerowitleRicoddd&or material.
opening 107B is fornmed in the sem conductor alloy 107

For dxgnpdke vhénahd samicordaque @dyV@7R & Ribstartiallyagmprised dfullitdn@eimanién, which is
the mask | ayer 110 may be renoved to expose the first
growg ot thy emplaggilayer 105, i.e., on a substantially undistorted silicon material, the semiconductor alloy
may have a slightly reduced lattice spacing compared to its natural lattice spacing. Hence, the semiconductor
alloy 107R may have the tendency to expand and may thus transfer a corresponding stress into the newly

grown semiconductor material, which may therefore receive a certain degree of tensile strain, which may be

advantageous for increasing the electron mobility in the corresponding grown semiconductor layer. On the
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105A. To this end, a corresponding sel ective etch
process may be perforned, wherein the material of the
wore@k/ob@myer 110 nay be sel ectively renoved wi t PCT/ESPOT 022680
to the layer 108 and with respect to the material of
othey haad,¢ téq-rﬁﬂnmogduptary@pterﬂ)@crepsmglyeg(g\rmg @ithip é@p@@@lﬁ&,é(ﬂB may take on a
sele?tlve etch recipes for silicon dioxide, silicon

compEpepiH YR PR a?r@gw@ror duS O A5 Py mptFTiaf HiS agd ghe moderately
eover be ect e
stramNQ semlfondLictor Lﬂ%lyqﬁy ?l?ué,r in ehneXJ}y o%rovvc’nusellnfﬁnducgoror?aaeél?l Ylgnn the opening

axl a ess

107H, %lt lnkrkasé MOQ%‘}#]@\%}?}QZ @m?MwIdr}orQheSa%me%&Q%U&&Q{tloﬁmﬁ%rtﬂepéams when

such as silicon SO grow ng a respect
the s&RIBINGREMGY QF7RITRY76Hal %re@h@‘ﬁﬁat&@l&:oﬁ%&ﬁﬁdﬂé); Rfura lakfRy spacing that
havi ng the reduced thi ckness, indicated as 107R, in
is lebheonfpare® tio @2t aweal N@GHe OspacidySA. silldus, | thg iddled S@die Glal \Mve the inverse
epi taxial growh process 112, the crystalline
configeration.ghad isc the semadohdugtor]r@dfdRiainm yhe dict actige ragiorelPph atag receive a compressive
wher ei n, depending on the degree of lattice msmatch
straith arpijgesBiTegione 7R att ey BIgwR Wit tefside straifyeffor ngance, siigonfsarignymay be used
osited sem conductor material, such as silicon, may
Yeposited so as to substantlally take on the
crystal | ographi c configuration given by the nmateri al
107R, thereby endowi ng a certain degree of strain to

t hq;lgﬂn%\Mlly s&ErQA’M@aI@eﬁh&x%Q Llﬁet ngxmmhﬁ[& adevnce’: Qbo %a‘{‘rmlrﬁler advanced
when the sem conductor alloy 107R is substantially

man@QEEpihd 860, OF sifowh] LR ILEARBIMERDT tMlrigIN 188 isH6@A of the s&Bconductor
tenpl ate | ayer 105, Le., on a substantially

alloyul9@R stdoax tadspeadingcsemicondbaar ingkerialt 3B ssefin@d Mdthi6 tiercemtal Ryion 107B,
may have a slightly reduced | attice spacing conpared

which @il noyw alseybe referred|tggsrggion 1 53ba dunthgrmokdethe mask fayer 108 may be removed and the
sem conductor alloy 107R may have the tendency t

resuliggsuriee RACETARRY MY hepraoprizd. dor dnsance o e Basis §F %WB ggxess During

con mat eri al
e cperad B Ut T S df e, éﬂeﬁ“%e GieELosPy P it g g e
prevMLy_CP: rfJinéd QSM%QIV grg g)%%gs% grli?sg 82 lffﬂ:gn a}q%mg\{egm”f ereafter any

Int spon rown semc
requiredYpRicess Qbs heed &ﬁﬁm@@m’mstah@ SR H QR LS PihifkB Riled lvemcal dopant
increasingly growing within the opening 107B may take
profizrwiincigriptie seiode | 08 AS105B) wie@inGésp&tial mdsiagh r@giiésGnay be used, as are also
configuration due to the tenplate material 105 and the
tYPiCh*b'c?e\Pb)V@l iy canvengignaleioosss miegaen.d Gorsopendy. |agilicdndased Tdmisppdiictor material
he grown sem conductor material within the
in ‘h?;ie@ﬁ?fﬁbe 11@7'33/* ARl ip e peserdacthr regisn d05Bgmibe fors ohthtymﬁ@lal 113B, at least

o o8 Wi B SRRy o e o
com aﬁtﬂﬂt? &R %on@enﬂ%a?élkl@k rI gﬁ%go%bﬁsle g}ltlga\yed Q%ab%glﬁé‘ tnge attermlng processes

ce spacing t ess co
inclublidf th GBriciRAGE N@esindd gt tnkiRi0n 1a4dr6n ih@gdélg 6bxRibloRl lafl/dVBposition may be
have the inverse configuration, that is, the
applis€m conductor material in the first active region 105A
may receive a conpressive strain, while the region
107B may be re-grown with a tensile strain. For

i nstance, silicon/carbon may be used in this case.
Figure 1j schematically illustrates the ‘semiconductor device 100 at a further advanced

in th Bép

manufacturing stage. As shown, a first transistor 120A is formed in and above the first active region 105A,
while a second transistor 120B is formed in and above the second active region 105B. The transistors 120A,

120B are of different conductivity type and may represent an N-channel transistor and a P-channel transistor,
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1

3 Figure Ii schematically illustrates the
sem conduct or device 100 at a further advanced
worewehaeriri ng stage. As shown, a | ayer of PCT/US2007/022680
sem conductor materi.al 113A is forned on the
respesiavelyc whild et somiceridpaty allQyy ROHRnaid 40t prpyidessyrain dii theyrespective active areas in
sem conductor material 113B is formed within the _
orderzig §phagge clegin mb'ilmd b metHlithi rspechtsly- ahg firshandrseaoad rapgjstors 120A,
as_region rthernore, the mask | ayer 108
120 e B T He 16 e St ORS00 SN Arayronding
gate %}_{!?tlolﬂel%’gr 9&?%‘%&&%@ Jlfglg t}{(l,Sta@n eg:lrgc{é Z:’] ba?hl 3 thz(l)nfnelareglon 125.

rocess rres anari za

Furtl@ﬁlﬁ)re': %m%ﬁégrlﬂg sfda@allr%ékr &tﬁyt% 1%9 %ay %Q %ro@?&&? %@pemﬂge&f @L process
generate uring the previously perforned epitaxial

requighh@itg, RnPfe PEAISS drdih AndRYrcAte§iOnsN@4 @hf beCde@tdl within@NEDMER -regions 105A,
Thereafter, any required process steps may be

105BR esfpaviaest), explained the tnamGetpringiseduerce ®p oohing e esbisthas il ZIA, MYB may be
a desired vertical dopant profile within the active

baseg @gqoewstwﬂ SMOS| ygBsseswhiese.ci particslap éxming ghe igeie kmr\qglon BEArITES and the

used, as are al so ) typically enpl oyed
gate E‘B‘iﬁ'\?%t‘?’oﬁ% bepqegerglg% o @@ basisof welly F%a@é;ﬂ 1:19;5 ghereafter the drain and

erial.

sou e 27 H35 5 JXf B ISt LRk BT bRy iesspessiy
com&ﬁn&h@rhfaqgsgéc@ve utntg'ﬁ\e rﬁgnluél:tméég%p oﬁtﬁme %{?e@/?ﬁ spfu{% 2'3%0 as to obtain the

centra I on e provi
requibdd 085 Shd \@rticl h@ﬁaﬁtthofﬁU QVdnehiid gk @pr@énzg&l (R Ghe §Rdifd configurations of the
conpatibility with conventional CMOS regi nes.
activEaepsoRs Uedn, | 1psB ey | beetsited lihtb Sh@die@fdnewRiat degifiingN@spective implantation
processes including the fabrication of a desired gate
procgsses {oF etttdinang theglpened dupartt profilbasi s of oxi dati on and/ or
deposition may be 5 applied. Figure Ij schematically
iIIustrates t he sem conductor device 100 at a further

TSR I S S ——
regio Enbtv O\Lng gﬁazge g@@(&%d 1We| (ﬁan?arﬁi %&’rQe re%gr%nl%h ?nlido &i%%%ge&mde 121, if

or me ove the second active reégron
requ&eﬁarﬁde&& HeSserhidSductor 148OP 34 € C%CSWH&IB§ pro&aks &Qﬁg&%'l?{ 'c&n\(lentlonal
type and may represent an N-channel transistor and
devidds @lagme akedt foa S | tihsibor rNesnedtile il #e takisloe 1248 well- estabhshed process
sem conductor alloys 107R and 107 provide strain in
techrtiques mey% e cipphed, abich aee asedafor iIGMQS dtetrandemere ndwarhe ebasis of embedded
el ectron nobility and hole nDblllpy, respectively. The
silicqm{gprananigp dnatsed o e ttheaisgicardyre alloy A7R] I¢Bmiake eommyisefl o€ sikicon and
ate ﬁbectrode 121 forned above a respective channe

BerMERYT o228 SHt FFTAORYFPeBEn Y ﬁ@amgﬁt o SRsFisy hayie PéVé‘F‘ covalent
radlu%l %&nrﬂg ﬁ?o n?a%{ulnyor Ihglv?nl'él aarte%éegl COE en?ni?]i gs ceom(:"zg:rgdr to s%con a high degree of

hannel regi-on

proc&@P QJF&Q&UI]@; %a?'ng@}/{ﬁ:llelss §eoﬁigxﬁtram§1t ISGet @esﬂég\/eng%% 1p§lanon layers may
provided,” depending on the process requirenments, and

nevefiteRpetforvied Gif the Basarvd “{mekﬁdbﬁshécﬁﬂb@ﬁ&oﬂdafbnﬂa%n & wrkedeton@ dansistor
within the active regions 105A,
120B. Thus, an individual transistor performance gain may be achieved for the first and second transistors

120A, 120B on the basis of a single type of semiconductor alloy while not unduly contributing to process

complexity.
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105B. As previously explained, the manufacturing
sequence for formng the transistors 120A, 120B may be
whamemswm convent i onal CMOS processes, Since, PEI/US2007/022680

particular, formng the gate |nsulat|on | ayers 122 and
t heV 'ﬂHFfé’e@F ediigugd éstflfzttherrﬁtyStrbteve pebigtents Hillgiewibp desesiped. & which an
. Ilshed reci I3 Thereafter, the drain and
S e BB SR e el o .
first %Q%LQ)P I;:en%ta%d to Q)g ﬁcgnl S GRS Sor RASR 2 ay cenp al region of a second
co nation w ect Ve I nterned ate
transiBpUf act uri ng state of the S|demall spacer 123 so as
to obtain the required | ateral and vertical dopant
profile. It should be appreciated that the nodified
configurations of the active regions 105A, 105B may be
t akRigurel 2atschenanaiydmirsadids Qrsemib@duothe déviHa 200 coimPEMRCd dubidrate 201 having
~inmplantation processes for obtaining the desired
formed pheraboysr feimiicendudiprelpyxen £82e im, whighyredpentiveh inolativa nafcaicss 303 arg provided,
h,Cgrocesses may be perforned, for instance netal suicide
wii

GG AT AEHVE SRR i SB‘é’mbi‘%‘\ﬁ geen 2038t e drshind tamgeond active

: 124 and th | ectrode 121, i
A e G BB B L3P s .
be fogtggdr o%saggsﬁgclnu:gtee t(le{t)ec @?e? 2§5er r?senii%%ﬁr st lmce:%%\ég ol‘ t(}))n SﬁmlCOPduCtOr layer

evi ces use
202.t Wth tszﬁe@tStb HeQRomgoatiid of\’tﬁel Jemﬁ&ld@cb(lrld%\h&dlog ﬁ&&%@ so_far, substantially the
techni ques may be applied, which are used f CMOS

sameaffifeain APy aOdie frbvdoublasipiined wiireredste e (Bd %m%&ﬂﬁ@ﬁ‘ EWEYR1100N Thus, a
materi al, when the sem conductor alloy 107R, 107 may
mordytetadeirdesciigionl ofighess¢omporents amdbegeritied hérel NRurtheyore, fagwaslohye€ 208 may be
sem conductor alloys, for exanple, atom c species
form%morﬁgh%ﬁrgtraeféteé?nd @giraregians 20544 2958, cberpia thednaslolaype 2OPamdy sapose the
|n9 a_ reduced coval ent radius conpared to. ]
Sem'g‘tnf"t% Aoy 2 hindhe HEGFEe reston PYt 8B ceupatt BIayiZPY inrfhgsecond active
regiclOYSH t hel ess be nmaintai ned, since the respective gate
Insul'ation |ayers may neverthel ess be formed on the
basis of well-established process conditions, even for
the second transistor 120B. Thus, an individua
t I 2N §hBAI Procke b W oI mEnJRé @enﬂaﬁidl}ét@r asht eyess hown ihBigure 2a may
first and second transistors 120A, 120B on the basis
compfse simgar p@tesset ype abd dsaited Oitthefeictue tdthd dryicMTO0la©sha®# in Figures 1a-1d.
unduly contributing to process conplexity. Wth
Withy respeqt ¢orpeeviding Ui sgmicensiucer-afidy, 207 it tslalse toj He|ngisd thatt any eppropriate material
enmbodi nents wi Il now be described, in which an
composiHTeBY G SEERA dRordir ¢ Al B dgsirsd Whaéct%w &g thy tfest gl second
o PR S P SRS LBEEL R Bk o v o
formﬁngml gp‘BR) xlrlacfet S%.CSFBEC‘?& 'alﬂ)ly slu & 51&% f ﬁLmJnF gx'h?oﬂ/cggon%nc? && ﬁ’l&d In other

transistor. Figure 2a’schematic ['ustrates a

lllustﬁa@% 6 AL ItheO@MIcERUAD QSO MY thay| Y Gorthed B Be bAdi €020 implantation,
avi ng

wherein the semiconductor layer 202 may be exposed to an amorphization implantation, for instance on the
basis of silicon, in order to substantially amorphize the corresponding semiconductor material, such as
silicon, down to a depth that substantially corresponds to a height position of the template layer 205.
Thereafter, an appropriate atomic species, such as carbon, may be introduced by ion implantation with an

appropriate dose and energy in order to provide a moderately high concentration in the first and second active

regions 205A, 205B. Since ion implantation may be performed on the basis of a resist mask for providing a
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formed thereabove a sem conductor |ayer 202, in which
respective isolation structures 203 are provided,
wokioshsges i ne a first active region 205A and sPCDOR2007/022680
~active region 205B. The first and the second active
deS“?de'glPrelr@fMAbe ippIEEedrpaseies diffsrenisiencantebiens ersirgursttrsHongdridispts may be
which, in sonme illustrative enbodi nents, may be
fead‘%ycﬁfw&d 6‘hth%uﬁrf‘é‘§‘b%‘& fﬂcv’é af‘@(ﬁﬁﬁ‘ﬁfsezoP‘%)?B?B Aftsr %BFP@%‘% t"Ffbe‘C"O" of
o o P i e B e PSRRI i op echence my
also gﬁ)wls%% re%&gmg @rﬁ% rgﬁ)q oA af)gﬁg 1at§h| %t [:loL:salh%: yem'icjaﬁiugtgﬂﬁwce 200 may

criteria may apply as are eV| usl al ne
be sUbREET BNURCanhel hrB&RssSBNTCARAMERO the qa)\ét'aﬁﬁll)l%rph}_z@@%@m@) including the

nore detail ed description of these conponents nmay be
atom@ipdcieeil ofier © .obthid tieiatiband e or alloy@8KaslsByv@rin Bidike DB YTHIRafter, the mask

formed above the first and second active regi ons 205A,
layer20%my baffremei on thelyasisrp wkil-¢sabhiehed 2@ Bniquasy expose t he

sem conductor alloy 207 in the first active region

205A whil e covering the alloy 207 in the second active

i cal EJOCGSS flow for formng

Hee GS’F‘B?“C?JB\}E%“‘?G SRR SPHETA0g doresa i rocss 206 for
selecﬁ\%pgtrgﬂécﬁ/gn om{)xhof t rGSngnCl‘g(zn Sodaﬁogéf)ﬁmqhesfostg %g rrelFlgne 9(]53 regrred to as
2078 d. Wth respect to providing the sen1conductor al | oy

207, it is also to be noted that any appropriate
mat eri al conposition may be selected in order to
obtain the desired stain characteristics within the
f i Figtre dnghg@daiigillagiateyiie feaibominGor2i@GaA, 202 Abibg a Ehetive kitagial growth
any appropriate selective epitaxial growth regi nre may
procgse2iddeid vhish afdetined arouatofappircapucioametese mar bnghawt o the semiconductor
all oy, such as silicon/germanium silicon/carbon and

alloy QR Msviauly BHAPSd (OPTETRE RS R AOBHHBIHSP FGHR SmicoRcto oy 2078, 2

COI’rCSpOIr'ng%E‘{Ing rﬁl%ygl%‘e i Jhlce8¥ té? %ewﬁa%;%wg%g%%nggcgoa gmgtteréal] 81 3% j‘lhe g@%h process
ZIZAW bp Eonfr&IRE te4h 10 rsuft th a2 JSEJAPlﬁ x%e(gpthfcﬂg &@ Esal%dlc%d b)r tfd dashed line,

I nStance on asis o I'n or

wherSddiGdnainhdiedial fr tRRYeP E'BZ\Qnaty e c&n@flé} 5&?&5’@%@ Gor the further processing of the
sem conductor material, such as silicon to a

deviod @QIt IFot ihddnces thb SlhsknztyieraEIOB yhaClerérms pDohdEe Hags & a h&écgh’letch process and/or
position of the tenplate |ayer 205. Thereafter, an

a CMEppcesp vibereio exeesg miateria piethd laysr 21SA oy provideanhroeed layeryntépety during these
i ntroduced by ion inplantation with an appropriate

PrOCHoS@ U energy in order to provide a noderately high
concentration in the first and second active regi ons
205A, 205B. Since ion inplantation nmay be performed on
t h% pl%%h §ch%§at1?all§' & Istls 'ies %% 1£0%5ucg>¥ Qé(/‘cg b&gat Q%Ex%rrrﬁaQuf?cturing stage,

| at &r al e I npl ant ed speci es,

wher&iff B 680 ALK 19282 l@ﬂﬂpr@@cﬂ:@ G0 ifisBhéeQR the FRAH o NS0 BiMidP Giyer and the like,
readily generated in the first and the second active

whicki gy defise bt regidh B opAfidge2078 hathd R&iAe adtive/@gibr 105 B OIGIE the Mirst active
of an atom c species for nodifying the lattice

regiog 45404 eovered hyhiermesisinlayeh 2l 0c Gurthemprnti¢ degicé wpipaset stan etah ambient 211 in
sequence may

order to remove a portion of the semiconductor alloy 207 in the central region 207B, which may substantially

correspond to the position at which a corresponding gate electrode has to be formed in a later manufacturing

stage.
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i

al so conprise a respective incorporation of an

appropri ate dopant species, the sem conductor device
wWQOdsos7Hd be subjected to an anneal process fPCT/US2007/022680

re-crystallizing the substantially anorphized portion

i ndiedgi2nerhemdcally diitates he semiconduptorgleries 200 durigp  salastivefgpitaxial growth

ductor allo shown i.n Fiqgure 2a
procif By é‘g{qt"é A e RZZB%R/ Hfh SaPPHRY & ‘E?P?Pé‘ar Bffertha 2B uch o
a | she ues,
511100?) %lhl%h Y:V\ﬁ as a nntgll mat r1a a?cﬁeplgh rece corre ondm% tyﬁ%ﬁf strain,

chemat'i ust ra sem UC or evi

depen%[t'l{gI ol %he %ﬂ]ara%&eﬁﬁcsp({f G g&ﬁ)um sgn(ﬁEon)i cﬁ)? Ll%g t2d)7V q‘hé’re%@r{@é’ it layer 210

a portion of the sem conductor a int

may 8€{el¥Rd bf B Gﬂls%@ ot appréyfriaie pRidest @chﬂﬁluez %Ras Jele@iNE BiciAz, CMP and the
schematically illustrates the sem conductor device 200

like, Gtiild axgbstanGadly plaiiar Miefa@popopexphdtImag hieoelob@halr e asequedtBAaftet is process
whi ch a desired anount of sem conductor material may

sequénee, the saricopdicohlayes @iFiAgm de exposed Bndahaly by av2{HPRR, togkgher with the planarized
previ ously expl ai ned, depending on the characteristics

and Ei‘POSF‘h éengf@nquetammrtabwgr foeywz‘erm pracessigr byphyrffiering a high degree of

e i nduced in the new r Qwn sen1conductor
proc%f(gl}patéq %witlg Aonvﬁlgna P9SH teblpwefés %T?A W nB%llatlon material and a
SO as to result in a correspondi ng excess
rwﬁ%ﬁ?%&géégabas is indicated by the dashed |ine, when
additional material for the layer 2 13A nmay be
consi dered appropriate for the further processing of
t heigdeV RC ech2flicallyONludtaes amc 8emitdAductbBSdévitea 80 2208 fiFYr advanced
be renoved on the basis of a selective etch process
manggrditiog stige.awiCivit Preciressles 20 of esprctdx diess sndnsadoed irakistak atelférmed on
| ayer 2 13A may provide enhanced |ayer integrity
respegiiyeigprg insHuior lapers £28 s whidiesopaeatectbescorrpipengding gatejelectrodes 221 from respective
schematjcally illustrates the sem conductor device 200
changef Tegiops A2¢-h@t PSRN Setaned My repec Y, ChiRel resans 225y e different types
[ ov. |nst nce in th

10
of straPSfor tLe rlst ércl)cﬁ secr:]0nI Sact ae reﬁlonSSZ(raS/%{nggl% ﬁg)eil on tl)e tm gﬁemﬁ:g@uctor alloy

207Qﬁie'fﬁ?anas&&ﬁta&ﬁlereg%&'zﬁﬂx 96sEOPeNi Ng 2073 in the second
active region whil'e the first active regi on 205A

is covered by the mask | ayer 210. Furthernore, the
device is exposed to an etch anbient 2 11 in order to
I e PonsequantlyOrytforoiingalfe strhiconsemir t:ger A1RA o ithd @ytral 2 gion 2l 3Blieseparate
central region 207B, which nay substantially
epitagig grevdippraetsseso an ¢nbangesisdegrecoef flgkibilityineabi be providedesinse thd irgspective growth
ate electrode has to be forned in a |ater
parafion, e B, PREFIbCaY AgRstetiity Order ‘Qé’bg‘l’f‘h"eﬁeét“idcl?i?qev result. For example, the

t
semlcon?uct%{ m%eerlag%ltip aﬁrgrg\»?ngs\?wagtogrlgcloug%% g)e(fx%eﬁ %Pp&at spﬁclega iidﬂ%tmg specific
transﬁgmtl{aﬁl:ter{sﬁgl %ﬂlcgglz %dW&dﬁnﬁ dF&)SlﬁQp[gchg{sésafl%A Sﬁ% grg ngédg];le%rfrom each

material 213B, such as silicon, which may act

otherC R NORdspdiBHE hindtnt BNEkcd infaldridTBisik & GRY b€ 1@1%5]&%&&@ ltH3Ekby also
type of strain,

reducing the complexity of a subsequent process step for removing any excess material and planarizing the

surface topography.

With reference to Figures 3a-3g, further illustrative embodiments will now be described in more

detail, in which different types of strain may be generated on the basis of a single type of semiconductor
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Wl

dependi ng on the characteristics of the surrounding
sem conduct or alloy 207. Thereafter, the mask | ayer
wQ1idsnss79He renoved on the basis of any appr opPCHUS2007/022680
process techni que, such as selective etching, CWP and
alloyt ylerdirj 4dditionaltyi dngnczeased) pighment acalrhoy qflseinelectradgs fishcrespect to the previously
t opogr aphy nay al so be obtai ned. Consequently, after
growp semecopdusopmYerapydhadievedhe seni conduct or | ayer 2 13A
may be exposed and may be avail able, together with the
pl anari zed and exposed sem conductor material 213B,

f org f i biiGhed I i
orFlgtheja F&%&nl‘?{llg quugtpa%gglslg}%ﬁn%i{léc \?vlg,%éﬁ 966 C%Fnlgnsgngqa su%sgg}e 301 having

degree of process conpat convent i-ona
formB @EBDEvel LERARDAUAS 1hyRr 3T I RichdePati® isdiiidh AlcRRks 303 define a first
material and a respective gate electrode. Figure 2f
active BB BASIAGAd b YecordlatiBt Fegibf SOSBN Mo MEr CaabetfiteOemidenduct@® alE 307 may
at a further advanced manufacturing stage, wherein
be fogyaddevn @ Irespeicti\e deasplaRAaydr W, whikhpeg trdpresenf d regdualamakrigled o\ demiconductor
transi stors are forned on respective gate insulation
layer) 383 eWih esppct to\he edmpgrepta deseribed $pcfarcibe sams orerdfi anply graireviously explained
el ectrodes 221 fromrespective channel regions 225. As.
for th &sMiopdelr dsiseai Wethd PhRe Thus glsctempranduriaipioy 302 gpayrfemprise any
rrrfige SRt GB0es T aashLRED Ren SR Rash it PR i s maeria
of o B & DS I R i el My Bl for eeneraing
diffefe@ t(fPe16F strkl@,_a§@|ﬂe§?@m_k&f)l§’iﬁedl. ane §en&oﬂd3&ox?a|ﬂ9y 307 nfal&n some illustrative
central region 213B in separate epitaxial growh
embqainpaBSteefdrmed on eiRANC ellscBalt @eh @khrliduXinBiepitakiyl growth Pevcesses, as is
provi ded, since the respective growh paraneters my
previgeslysiseseibedi dmothey casesl de tliog 3P hmar dormedorothe besin ofiimgstatiognd anneal
process result. For exanple, the sem conductor
sequypggs @t is dgscriped) vaith refgroncy i Figuisdd so as to i ncl ude a
speci fi ed dopant species for adapting specific
transi stor characteristics. Since the individua

de }.et3ib%a1e91£t ngfslﬁlﬁﬁatgs% m?c%%%ctar£vigee$ﬁg§%§§fso;r5e%rﬁlereon a mask

each other, the corresponﬁlng_anount 0
layerrﬁﬁﬁ,%lcﬁha)d&%brﬁﬁgem){nygﬁprbﬂ?gk Yoa @A shot 2GS hifde, stiBRTaRRYe or any
al so reducing the conplexity of a subsequent process
comtSiia€¢h theddof. I FHIEN$KI1E)e 8008 nRX BES Sn dppoftiatea@hickaddsl 30T Avaiadhi nidaly IBE greater or
the surface topography. Wth reference to Figures
at le®eeqBay to f desiteth design héighs b agateveieciemit il torbnfosnediabdve e firsband the second
_described in nore detail, in which different types of
active fagign 3Gy 3008 g His manstctyingtsiaee, Brggnask lafer 30& mpygdomptisperespective
of m conductoral | oy, wherein additiognally an ) )
openng SR8 TerEapoas LB Eeehh o ey eappieipaley dv i e s freion 305B.
ol t . ' 0 m ctor materi al
Wit ERAPE s A AT P LRS! Yt R TGS U Pln, L Plrofe v

estabﬁﬁﬁi RS Y bed B! iRQuIRR o CINHRE, Bk Biosition HRR b pfiard Bdterial, such as
avi ng
silicon nitride, followed by a corresponding photolithography process for patterning the layer 308 on the

basis of an appropriate mask.
Figure 3c schematically illustrates the semiconductor device 300 during an etch process 311 for
removing a portion of the semiconductor alloy 307, thereby defining a central region 307B in the active

region 305B. The etch process 311 may be designed as a highly selective etch process, in which the material
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A\ 4}

5 fornmed thereabove a sem conductor |ayer 302, in
whi ch respective isolation structures 303 define a
W(f) 2008)!)546(28 i ve region 305A and a second active PEQUS007/022680
Moreover, a respective sem conductor alloy 307
of thﬁé&?ﬂ%@ﬂf‘&fr%‘n‘%”& Py bg Ségfd%‘t/ rpeved it Fesheet @ dy wpterga the etch mask 308

dual { | of the
and éf\:'gaﬁ(iwgla ﬁcaﬁlg :?g &e 1%6&%3%%&%% gzﬁlg%%e?tto zg)\lf)ﬂémdue material removal in
isolaﬁ&r@ 511? nL %vhﬁﬁ%cgtle Pl%&gxoﬁ’e is lge f{)rﬁneg in wﬂeh %I‘ ngerl‘ a re Qtpvg érgnch in the

eV|ous al ned dem conauc

1solagi9)0 mﬁ%l %99 notT tlau §esm¥bn:e B '&&%'ﬂed lﬂfg‘nl? rsel@étllvé) Xtcl? Qerp&a%r silicon-based

conprise any ) appropriate species f form ng

matefiS§TAr€ DATHBIR tWath re8pebtQy silicohhiGide, sili€bn ARRRE ﬁ@Ha%tﬁM &@ectrf&%aterxals
silicon-based material of the sem conductor |ayer 302,
may exhibit a desired lattice msmatch that may be
used for generating different types of strain, as is
pr éieutsitd keperaatil izl vetchtes Tk ecrienduciondtvict 1P dering @ yel @GV epitayial growth
in sonme i|lustrative enbodinents, be forned on the

process, 3128 fesrefdling dhercpniial region 307 R withi eprressonding sespifonduiopmaterial 313B. Also

in th% g%éwélnz h?gﬁ gggzeises gvlegtal-?y hﬁjﬁ%&o\g#@ij S| ass3??S]3§:ragéggggt?éeglag/tprowde a high

depokln@-{’] efrngﬂac gﬁx}hg? EU%S%SQ pc'é)re% ?PZ%I{IOH (1? semiconductor
matehlilluwi:klf)@toe ﬂletls’aﬁu&les%&@&@@g: tv@hrch %y bE& g&@@bﬁﬂé’&[ﬁg dg ﬂfBﬁ.e However,
thereon a mask | ayer 308, which may Be conprised of

any €light seppopdtoradefosiitd B thadt areSURLY RScompdnba@@Toryt 4 bull&quent short etch
silicon dioxide or any conbination thereof. The mask

proc¢sgylich BQotrmagulhdicd tenensippdwpr ngtral 31AB dlaney Se BO0Bded with any desired
whi ch may be greater or ) at |east equal to a desired

degregeo§ PX§PFS HBTCEitht Whdle, 0f thgather hapds enyr updrsiregtsgrhiFongustop matbrinl meyibe removed
apove the first and the second active regi ons 305A

L O R e tgw@ Prochs s Ray beyseqeifigglly designed
with 1 n&% f: 8 Fanxs‘?or cf?ararc%%rslg Escltnlt}\lleesecoogg t1v e?&i?@%m‘ 81);9 q’ﬁreF %eé} required,

tra on sem condud

includ€he B&)oﬁt%'oyg sﬂ’eg% Qé?tw%q_%ﬁant %{%ﬁlg il tﬁéﬂ QrEal EB Furthermo e gxe process
manuf act uri ng sequence f orm ng t e mask [ayer

312 @8 b5 beblled S t@mﬂm@relgmt&thmh&mmw i shed t echnl ques
may be used, including, for instance, the deposition
of an appropriate material, such as ) silicon nitride,
foll owed by a correspondlng phot ol i t hogr aphy process
f ofFighest B seliemeficellye il|ugitatep B Serojppndystor ylggires 369 atrp further advanced
appr riate mask. Figure 3c schematically illustrates

mamt %E.Ing

thee ondt étf‘sihef e é'dd“ad BF Prﬁade& ROWE thp "Bfrkd@/é's’é’s 80 as to fill

the 0§ g%{)iﬂf angg )Po%i:e = tp P omon ofe tnfi frirét actlwé reg 8H 9%7 %tof ﬂstetnﬁee% mask layer
311 QQ}I bev;ﬁm)ideﬁ %g{hg) '?on?l Q)5 §1y a-EF\'gprﬁ e%te? 510 e §s &)Jmemtelq ? a ;Hloto resist

desi gned as a highly ‘selective etc proc

matefid) @ndrede Qlkk, ahiidh hiieoeSRtrRQAUES Bdsis B lwRN- e%?sh&ﬁ“tb&@aphy techniques.
selectlvely renoved with respect to the materi al

Thertafter, &t afaskniagk 3G0MayabeOpagehed Wi thectayis bOthé Masknyle£B 118h oﬁi@r to form a
the isolation structures 303 in order to avoid undue
respeqigie @p§niE 30%Mnto weHose the semiconductor alloy 307 in the first active region 305A. Thereafter,
the mask layer 311 may be removed and the corresponding exposed portions of the first and second active
regions 305A, 305B may be prepared for a subsequent selective epitaxial growth process, in which a desired

amount of semiconductor material may be deposited, which may grow on the semiconductor alloy 307 in the

first active region 305A, while, in the second active region 305B, the material 313B may act as a crystalline
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isolation regions, in which a gate electrode is to be
fornmed, in which, however, a respective trench in the

w0 s@Basd6oh nmat eri al nmay not be desirable. For BPXEDP1087/022680
hi ghly sel ective etch recipes for silicon-based

templxtet By ifarnmg arapeatirais¢naitsinductor npreniab Ytpdarthert mocsssing ofghe device 300 may be
nitride, silicon dioxide and many other dielectric

basedyprt will-eselisheptjteshiriques épr dnstqrqsatdesitad pilicontbpseds supfage angy b available for the
sem conduct gr. devjce 300 during a sel ective epitaxial

manacipe0 g Ffﬁ&‘g%"sgatgfﬁﬁaf“b‘?‘a‘?‘@i‘ illing the central region
307B with a correspondi ng sem conductor nmaterial 313B.
Also in this case, the high degree of selectivity of

th i gq}é Re %éngag&llg LRGERS 1h§ s%&%nMr &Qi\égmoaﬁQrQﬁlestgve-des:g%Qfg process

provi de a high deposition rate wthin the opening

sequitd. | BerSe) ASsemiddddddidr MaySIUPBAGS fordl AW RIERATLAAS Mby 307, while the
sem conductor nmaterial in regions of the isolation

heigis tof e indeed 3803in twhse@hd mmiye Bgioe XPBSE chribypoidingly Ofpesasen.qg Furthermore,
338B. However, any slight sem conductor deposition in

respective gete mpwation heeys 3@ map bepfermed e the fespecthy semicodusteryuaterials 313A, 313B.
short etch process which may not unduly affect the

For instantec B gtrcpylationdayers P2 may be opnedipg the hsis ot%@ Pidaipn @ersyip aggordance

.. any desired degree of excess material, while, on the
with e\ e proceiy edhmaes  FIORBIR BoNEHRES PARAEES heafemifagiuctor layer
312 R e R T o U 5 RS SR BB g 7. e

the HRS0BEE f%)t Qthbﬁspgf?tt:r_eﬁtoty;;er SNl Rk & hﬁbf AGUERL ! iStd Grelodell by the
the second active region 305B and may therefore, iIf

semifo@dlidiof &1dy 307ncl ude the deposition of a specific
vertical dopant profile in the material 313B.
Furthernore, the process 3 12 may be controlled so as .
tolimt the height of the material 3 13B. Figure 3e
sciFignat P& arhepaticpllyy dlupteates sthe fsemisangictop ndgvies 3P0 cib v dsthgQ@dvanced
gt a further advanced manufacturing sta

man Zt.(f

) [ qe. Here, a o
PP aefa &% soRgethe devieq 30hl5 sybiecisd B\A draetitiah Biogess Ha forgfUling in an

308 . fill th ' 3 d
i o T P R -

321. :cd’bﬁgealﬁlﬁt@’ th Eeft‘e a@:§!§de!3§f/ﬁafme§ al](;]v_e %Xecpl% aEt(\QYégQﬁgo.‘%]ﬂs t‘s?l‘?—aligned” to

orm of "any appropriate material, such as a polyne
the cBdsgnlliad cenfal [Pdah Onclul@mp Bl seAREANUCRY malch! BB, | ThK QepotitinGlocess 314
may be patterned on the basis of well-established
may,| intshbg reapdiymenB.C ben degigas. as Th eodadide selectiteedep@aisn Ipayas, iBOshich the
may be patterned on the basis of the mask |ayer 3 11
depogitipnypte] e the dieleesriqungierjabefsecredpoativogaeeningugti@ORAr 323, @ pos e material of
t he sem conductor alloy 307 in the first active region
exposth BN IOnT APPSR Srichiss s ey beyeare PRORpYnCRrbRpmBed ta fgpgtion rate on
o QB RO D SRR P s Ly o

that {xﬁif)i\s\szai hﬁ%ﬁﬂ”%paﬁﬁg?\%e're}{neans Q)lcgsgﬁaéllial g]%fl\é%rgn&'é@&lqgﬁsbams of CMP

a desired anount of sem conduc mat er |

and tABlkeD FoAiRRASd, b Rk pridblUrEOVIIBIcEE AYY RNisddEr RESTEOPIMAL R ine silicon
alloy 307 in the

within the openings 308A, 308B, wherein excess material may be removed by CMP, wherein the mask layer

308 may also act as an efficient CMP stop layer. Thereafter, the mask layer 308 may be removed by a

selective etch process, for instance on the basis of hot phosphoric acid and the like, in order to expose the

gate electrodes 321. Subsequently, the further processing may be continued by forming respective spacer

elements and incorporating a desired dopant species into the respective active regions 305A, 305B.
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first active region 305A, while, in the second active
regi on 305B, the material 313B may act as a

w@eoosHadels net enpl ate. By form ng a respective PCT/US2007/022680
sem conductor material, the further processing of the
devi ce 300 may be based on well-established

echni es, for instance a desired silicon-based
ﬁ‘h gg ffz‘ﬁm%@a“a\ﬂ&isv% ith serpjonglygtor H%Yﬁaé%[)c%cew?ﬁgm ffurther illustrative
t er

wdf ek e PG e TR bomoritt B Srabppagsasgtes i
to th@tiépsgltm'ﬁg? th@lgéw ec@g&%dtéﬁd THE Q&SRR éﬁd@nﬁyﬁ@ bt"?d?&% fréth a material

sem conductor layer 313A is torne ove

havisz€4ThiglP Betl Selietivitd Wi Yesplr 1o i inhiEridi BEmB Gdaghfaye‘?fwg ri'lﬁ':reby providing an
material 3 13Bin the second active regi on 305B

enhaticed egi@ bithe G le glettidad MasRNdurifitithé RA6VIDSfEhe nfaﬁSl@)%EBOSV Bor this purpose,
gate insulation |ayers 322 nay be formed on the

an appeepp e Mmatgrial, sedhi as eiiduotiaide nmdyetei cahfern@ily3deposBd34d nfag rsubsequently be
i nstance, the gate insulation |ayers 322 may be forned

anisqgppigae eishedi dhewshy gmovins dhat Pastiiah frem cogzopial pRriess (il anaintaining the

|ISh% process technlgues Furt her nore

sidengl SWM I8y ‘P*—‘gﬁag%z SR HalE POE= A PE BEFTeR 3pd %“%*9%?““3 s gevice 300
t h
may rlgﬁ)éubg L].b % S n%m? fulg]l egegu%pe for forS r ﬁa e Ss:r%l%}?on V\%erﬁ EZQ H’hlch may

resence o m conduc

comﬂmfl Gh '0%hat1§ﬂ-%%c5§?$nc§3§hd Géﬂosx@ondﬁr&fegrﬁqre\ﬁ&ﬁﬁﬁ e%]an%hr a’hﬁreaf(er the
due to the fact that it is enclosed

depoSidHl pRa2erel BRI Ry babdrodmed hiordeFloPUtal 1R Gar® Glbﬁrﬁw 32¢.attle)pacers 315 may be
illustrates the sem conductor device 300 at a further
formexiwighname ebpropniad dicknassiingrds tadpéine sfimoduired izhte ledgv bfar: g3fd@lectrode
is subjected to a deposition process 314 for filling
321 i Ipy thigrwaysher gafg ddngth enayy finadly b toretl pothe bayia &y depdsitiomprocesstyather than on the
peni ngs. 308A, 308B, thereby form ng respective gate
baS‘Sénf e preseiasithommphy@sIcess £y BAETipS the PRE"et 388 PR r ode 321
forned above the second active region 305B is
"self-aligned" to the corresponding central region

' ncfrll Qrﬁi Htger 1n&tr§%meﬁg&%ﬁs o{he %Ie%rulﬁgtlf tg’%%goecti eeogenirﬁs 308A, 308B

deposi tion process
(FigBl& b IR Playaso RomMEL R L Wre%ﬁic&cﬁrin pFHRRAS irf dr@p tdXeRE &5 Sonstraints
in which the deposition rate on the dielectric
imposeglt aar tha hssa@fatet! pBotsl Bop@ptyi prezesgath@ety eaatliag b Gignifiayieimpddnent of the
and also a material of exposed portions of the
Overfillsr@ﬂObttﬁnmﬁ the tinvelged paesni@OBocessry Fireexamplee thp peeniog BASBdFigure 3b) may be
npared to a deposition rate on the mask | ayer 308.
formf%m dfiFkitags P hishasisef Rbesolithaspaiyniohtved byuens oappe 6@9?]@@8“ anisotropic
05| |on forned that exhipjts

e {1t i SR PP ARG SR W@e%%"frsﬁpﬂndaﬁypwe ol Bohequnny,
ﬁnalﬁmﬁ)&ﬂl&@éate thbrﬁa rbg %¥t§ 1al%nde{en%n&%§1 sns %gosmorhgrocegses thereby

pressure proc

exterldfng %efcﬁlfabld Bpﬁnh ét@ tt&gllné' rodesdt edlrlnlan? 5 Apl?fﬁl%rb()m Hﬂ&lﬁ f8:B&d on the

openi ngs 308A, wherei n excess material may be
basisr of 6/ @ Undey depdeéition Whi&fnebtﬂ)pfc R&h PRSdssch. ageiseq@y, TRNddR 108 @ a high self-

act as an efficient CVWP stop |ayer. Thereafter, the
alignpchprikcebsatyabniq®@0Br atgying the rz@erelea@mdd32 1 avith respect to the semiconductor material

313B, the corresponding patterning process for the gate electrodes may be enhanced by using conformal

deposition techniques in combination with anisotropic etch processes.
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i

sel ective etch process, for instance on the basis of
hot phosphoric acid and the like, in order to expose

w0 b@sgatees el ect rodes 321. Subsequently, the fupPCTE82007/022680
processi ng may be continued by form ng respective
s pddier fomtiggranwpacera AtP dnh Slingpbe enenings 38841 83 with thogaterstectrode material
species into the respective active regions 305A,

and %f'esaey PIOFRSTeR OB MR et eees Basrihangd plpngeizipedpcowrfycg epography the mask layer

uctor device 3

r.di
308 mityr%e ntg ere\r/n vegh)ﬁlg mn((g‘%ilcpewal% gﬂ’ ﬁgi:]eecgﬁ%a\%ﬂ\i\ée rglilaalé\%tqcted by the
spacépﬁ%%( §rd§ %Srem%y tg ﬁeggl%gos% 'il’lg#ﬂ{)]f tlpo%mgg qpé gﬁt ﬁ@eﬁﬁte between the

8B prior e osition of the gate e

semlm&@fot aloy 36_7hﬁd &b Q@ﬁé@lvk serltBhduttor rgalélal@MAbﬁd $@B 'H%Si bd fe@Rd or may
a material having a high etch selectivity with respect

be cdnipeiishied foBbreIvéredmpefsatédver byeBHormay @i addiBnal kdietive Rpitaxial growth process,
provi di ng an enhanced integrity of the gate el ectrode

thereppppreyidied a sdestantidy tdnénuoesrseryiadndgfor mhteriarmslie firdy@the36:8nd active regions
For this purpose, an appropriate material, such as

30545 B93Be Fheresfterxielisrthepprgcetsng genbeserriarddys d dperded ddveand nmy
subsequent|ly be ani sotropically etched, thereby
renoving the materi al fronthorizontal portions whi | e
glalArs]:i]ac:ﬁ)gslenr récgetzg zlsuqﬁtam ebmbo&)u%gr? (r) esell eSd' w%}-thr%&gegc%t tg ré‘_‘;]ﬁU{efl 1a-3h may

provfdpgn Qfﬁ(y brdt @tra%p&}ddmg n*@&tatﬁ“tlpko? cl‘atcﬁégmél Qralﬁlsgpsnall{? %C&%EI rt%&slstors on the

sequence for forning the gate insulation [ayers

basisFi 2CoinglBBiypeCENPMicSRUAN 20K, Adlid RNerMEIOS St Phigi® degree of process
deposition process as previously explained.

comphliglitg afot @¢ forihien dEPEBd ditl@fricpWIRERS $n Bihd ci¥BY eldR an enhanced patterning
performed in order to obtain the gate el ectrode 321.

capalfilifgs wishyreenset o BipSredrgage Ibrgthfrowy reabcomiplishediny appropri at e
thickness in order to define the finally desired gate
| engt h of the gate el ectrode 321. In this way, the

I t uned the b
deé’\glgtl r?fn nce tor%%léeg ? atuﬁgef ql(uﬁrgﬂveece ?%rgenggg S| Slfe dFsrcité ed, in which a

Subs ous s " T rlll'l { (S in an €r active
B RSG5 B A, M. v

regioB/TR ORI NGRMAEIBhedt fBccRAtdyRNE AP ©fmilghembash eﬁtnic‘dﬁiu&&e MYSsuch as
308A, 308BB (Figures 3b, 3e) may al so conprise one or
silicamgergasipa,oy bé gpplisdng processes in order to relax any
constraints inposed on the associ ated photolithography
process, thereby enabling a significant inprovenent of
the overall resolution of the involved patternin
pr Seasdagchenpgrally Hysiaress semjsendpgies deving 4A0OBHECH Fygamerisgpjubstrate 401

R s PR R %ﬁﬂre%)?g%t@awawegm 15 gey deic
a ﬁrs?QQVear@%/&ojog.Q Qﬁ & s@éog&hcﬁ\;equ?w 4058 rlgegagr%é%tag p 'tn%t)rgntg %cnbed so far, the

I nal desire e corr I nNg openli

sameXPitFa afpBs RVIBITY déscribedvith irdi@bdcd toQit s@hfé@tﬁu&ﬁtdgvlée?'ﬂﬂ)t 500 and 300.
may be substantially determined on the basis of

Furttd@pes iht Hofte POORR @B ise 4 RBicehct@all@MdT Rgnddhethe apedbiiveirdgion 405A
of the gate patterning process. Simlarly, the opening

on thg G\ afa ydywlafedayredDSomn ¢rieellusieasivesembbdimere, tr semipprguctor alloy 407 may be
deposi tion and anlsotrogﬁc et ch processes.

comprigid<0d gilieandesripanisny vddeliin 7tbas embpdismepts.gHhesppRopidtegpriatials may be used, as

previously described. The semiconductor alloy 407 may be formed on the basis of a corresponding mask
layer 408 which may be used for selectively recessing the first active region 405A and subsequently refilling

the region 405A by the semiconductor alloy on the basis of a selective epitaxial growth process. Since the
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process technique for aligning the gate el ectrode 321
Wth respect to the sem conductor material 313B, the
w@orsespendi ng patterni ng process for the gat ePCT/US2007/022680
electrodes may be enhanced by using conforna
semigpadystor alioy 07 Ehbe individually reqyidlsd iathe %ﬁ“ pitivhreging 4 @ speesponding
et.c h‘ﬁrocesses After formng the spacers 3 15 and

g
comqoflp(rnl @ I4SPESt tg) E)(glﬁeinﬁag)n g&lﬁ do BBantent f“]ﬁ‘ tlieﬂlée @%ﬁbé specifically designed in
order to %gtam 91d edesrrrr? t?ansrgor cﬁaract 1stlcs tﬁ}elnfg?_]t g(r‘trve -re&gn %%Sfé\ lﬂ F)gg\gle, a certain

re I'Nng excess naterila I Zl1

amotn® ngdpgrg I?;cherttrlagon bel ﬁX\ﬁdedq rc ucrto?lalllabltdﬁ wherejn the dopant
“0 des

renoved, wherein the sidewal gate ‘el ectro

concé?tlzrltroﬂrrﬁay rl JaAddl WithPhedhe 6t @é}raméd tph %eﬁ&%(ﬁﬁr&néﬁtslg’srﬂnf‘arly, the vertical
order to reduce any material corrosion thereof

concéhrstion @ an hbRic Rpdc@H tsuddli & fuer gimaiuhebmes mdyhe adapted in accordance with
sem conductor alloy 307 and the respective

devigg equiicorate wtogler abtain iha ldesir@ strdiA pafid. Aftdr 8 sereryivdopitaxiatigroedl process
or may be conpensated for or overconpensated for by

or afﬁ@f‘ﬁbrr?ﬁeﬁdorafﬁmmdhft jemiranduger allex 407 eforpitangs dnaipn igpndaptation process as

ess, ereb ro d|n a substantially cantinuous
prevBisfi B RTe e e 4§4 i 5 RO YR R D s Ui, (ppeFaphy may be
ions 305A, 306B. Thereafter, the further
pmmﬁ&&%%§%+§g may be continued as is descrlbed above. As
a consequence, the illustrative enbodi nents descri bed
with reference to Figures | a-3h nmay provide an
ef fFigtie @R tch&haticdl P i1luREE ihe e miBAdRaBH @ itd 400 difmg b S0@le epitaxial growth
transi stors and N-channel transistors on the basis of
proca@s 4li2rig|f@ming peendfondierwt @yand LB x0d 4 E3IBl @ Yhe firdn hdd@econd active regions 405A,
neverthel ess mai ntai ning a high degree of process
405k ofapame Bluptiatiye dmbpdiments. prnrriethie glaposifioraprorasset 18 thd matenial @, the active
wherein, in some cases, even an enhanced patterning
regloeSa‘}S’éfb’u ‘Wli WW?HCCP&M&C&SCC{ ip orerd@ rpyidech sg‘ma@'allbﬂgrawuﬁw topography
e B G SEE b B e L o e o

as shg\§r§ ﬁ;rﬁ% d4b n{a g\‘P n%!'?zes1 1?‘&%?&1%’] r@ar X%’]acf\rg nlgé)mgy 'igeu r%elecmc material, such

sem co ucto oy nma
as silic8@ hi@lde, sMBdd Boxide anﬁtﬂ@tﬂt&e&[ﬂd 3o afy@lle@ matial, thereby reliably exposing
vel | - establ i shed process sequence for fornrng enbedded
the lay@s# IBANKI OB tvbille atsb biayising Splhr sa$acS fopdgeph)y. ger mani um nmay
be applied. Figure 4a schematically illustrates a
sem conduct or devi ce 400, which nay conprise a
substrate 401 having formed thereabove a sem conduct or
| ay@rreats? schematigHlyc Hup@iep s isyaicqndusiontdener ¢P e taufisder advanced
a first active A and a second

mandh R g o o SRR 48 e R GO B G BaPF P ulation
layer§ 922f a%f)g. %p‘gﬁl ('é rte BAS%%’ 9;'0%3 %er&%?h I (a)tlélséleytro e 421 13 the second

descri ere ce to the’sem conductor

activd Bion £88 nAPek e’ﬁ&gsulaﬁﬁ b DﬁeEﬂE&fv@ spaéeh@lSqﬁ}/dncﬁ%)répgge E%Yz%yer 416. On the

conprise a sem conductor all formed in the first

otherdBiidi, MefikQgtive &gdﬁ)ws/xeﬁhytbhamip&&ly&o@fed 8y i AnRladrall ayer
405. In one illustrative enbodi nent, the sem conduct or
all oy 407 may be

The semiconductor device 400 as shown in Figure 4c may be formed on the basis of the following
processes. Based on the semiconductor layers 413A, 413B, the gate electrodes 421 and the gate insulation
layers 422 may be formed on the basis of well-established CMOS techniques, wherein the layers 413A, 413B

provide a high degree of process compatibility. Furthermore, during the patterning of the gate electrodes
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A 4

- formedsgny thy 'i’aﬁ‘@ of wedl-gstatjis

conprised of silicon/germanium while, in other
enbodi nents, other appropriate nmaterials may be used,
w@goopoessrousl y descri bed. The sem conduct or al POHULDF7/022680
may be formed on the basis of a correspondi ng mask
421, |tgyrespectigrBeaptiyerh 4 Hapashdsouksefred pnds dlersafter, viegl sjdewdaseisrigs may be
the first active regi on 405A and subsequently
B"ﬂ teglysoNeyNexty ghe nashy lavsh ALichayrbe dprmegd and may be
ve i.taxi-al growth process.
pmngnégﬁi %g&F@Sﬁ%ﬁ%ﬁthﬁPﬂay“ﬁﬁ$mhay be individually
provided in the first active regi on 405A, a
correspondi ng conposition with respect to
C0mﬁtﬁagﬂeﬂﬂlcgrﬂfmstrﬁes HORFbnde QB RGLe @j@ddu;l&eanl e'tclﬁ%r(ﬁpsy 417 for
be specifically designed in order to obtain the
creatthg Séspetvet e @384 SI7AS 4 BRI thd peSeléchode2 1 Tuiith Sit cot€shbndfg offset
regi on 405A. For exanple, a certain anmobunt of dopant
defingdbyctbtideavall epacersedtS.bEhepniter.i tabatdvicert0D ey seprepaed dhu dteaelective epitaxial
al l oy 407, wherein the dopant 5 concentration may be
depovaqnu Oéel setiqoRdusief Yy ingpsdeiiorintecthe dsyired &g efestrpip iputhe remeinipgportion of
the vertical concentration of an atomc

the S%“ﬁ‘é’cﬁ“‘é@ &y 4By dn SPP?%‘”Q%’P% APt faye e a@a@ﬂ@awr alloy

d t
o 0 RR RSB OHHE B SRR P RS i o o
405/@ p'FBxaeS&nﬁ]Lle grEs‘BMnt]s &Tegt%fégltaqra‘ ?rgxthot%‘gnﬁxq?ep rf&%%?c%n/ grmamHm are well

form ng the sem conduc i nsta

establi§hBd (" @NERAtHA e REQTESSSiIAS: BE ?‘e‘éés@:bjalm X, abRRE the cb@espondmg
mask | ayer 408 nay be renoved and the resultlng

mategial ép@cgitont O @EpFEpFilty getm@hidatcohte adNd@pant &dcenirdtioh MEyUBeriRrporated as is
Figure 4b schematically illustrates the sem conduct or

requighd \py devicd Ct@radenistiesg Thusseybrethdugh e expie tyax blasemigordudtdn aliny oe dsused for
412 for form ng a sem conductor |ayer 413A and 4 13B

the fyg3 apd, éeCPﬂdr8§tlveafﬁ$1°'§ é@%‘h d‘Oé%tquFé‘hq"’é@i“E?n@“ﬂS@Emmg Aty Rterigtigs may be

na TR st 1 %% KRB LIRS El%@?t%}gdeégve'g%ﬁg?{élntc'ha%cwﬂsms

in the4 Qr'ét'%nd %Qéﬁ é(re %nssﬁ%ﬁ cﬁbﬁl%’l%%?ybe agc%%?ﬁsﬁgl Ipotgt{r (H%&ﬁl ive embodiments,

prOV|de a su ntia ar surtace top
even @ffftﬂ%ﬁt t$pBELf Qe%‘ﬂ&ﬁdut:tbmoﬁrnﬁ‘} ES@ed? dependlnB ofthb Werall dev1ce requirements.
| ustrative enbodi ments, the surface topography of
the devi ce 400 as shown in Figure 4b may be
pl anari zed, if desired, by depositing any appropriate
di &lzewtie scbermtitally depicts theuseicenguctar ldevioe #0Mat tarfirdher, ad ginteld @ranufacturing
di oxi de and the |ike, and renoving any excess
S‘agena‘t‘%"? i2afespedtime FW“‘I“@PW glsy POEX jsdfeineg) it He respeplivesrecssgs3al7A, 417B,
ile also obtainin m}“rﬁ)lanar surface topograph

pny.
wherj:m ﬁe%j:ﬂ 1ng ()Alge\g%el,}'g%?rpeeté,l 3 gt Pfaefuépés Wgt may be provided with respect
to the c,eemra? E&Q%C&f He sgrﬁ &H&&toﬁ%&te 4f’:!3B]c L#rultthe?rrr)orea gn\el:erlnr;lclielayer 411 as well as the

manuf act uri ng stage respective

sidevll §abdr 418 ndARelcaf aferd QK ﬁﬁgb&@m&gﬁ FRSROR] MghiORk&ive etch recipes may
insul ation |ayers 422 above the respective actlive

be use® GihidM sre 41D AabKkO&IBn thaker Biséd dnhie d@ﬁ&e&oﬁig&.@ﬁm@l ho#r ih Hiddre de, the
t he second
further processing may be continued on the basis of well-established strategies, i.e., respective drain and

source regions may be defined in the first and second active regions 405A, 405B in order to complete the

transistor structures therein.
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active region 405B may be encapsul ated by a respective
spacer 415 and an appropriate cap layer 416. On the 5
W@tz(memséﬁsamd the first active regi on 405A may BPET/US2007/022680

conpletely covered by a mask layer 4 11. The
s erfis@adlt theSrbiggeiterdisiperd dereig Iﬁfﬁ\xﬁesl arfectigyigries ‘%Vlfhaa‘iﬂ qplancing the

formed on th sis of the f g pr.ocesses. ed
transgP?r tPRIEeroangs 8g R@%&rtnslr trz}n(sﬁ}%rﬁ gmcg f§ anneﬂ 1‘§‘BS'St‘frf‘] an gﬂéet Basns of embedded
semlgongl%c Ql%g%aten]lﬁae v%m %esge}it %%elq strau{ at l ast 1 | a e&@ﬂéa res&?l}/ve channel
regxo"ne & \Bmel Hﬁﬁpam)éﬁ%ﬁ)B&'uﬁans haes gR¥ ke O s‘émﬂc%uct& aﬂ&’ﬁna& bR LY kB mbination

hi gh degree of process conpatibility. Furthernore,
wnhd@ﬂhbd’r\@a%@ @cHadiir€ Whertig, iddspdcin@ oﬂ@ﬁe@meﬁdn@@i bkl @nfididatiof 19 €onsidered, a
respective cap layers 416 nmay al so be fornmed and,
subsfaftaneeintibys sehieordictbe \whdyl mgpademsd #hilde bbtie b@ivd ﬁgldefoO fhstance by
t he basis of well-established techni ques. Next, the
providiag khe|respestivedsertitondupjor lpkoyfbomeendhagedesrengding ésolatintsevatieet apthforming a
the basis of well-established |ithography techni ques.
requﬂ}'\glfﬁ@'%daygrc?fékﬁalﬂuﬂe! éF'P‘?O“f"FCF"a Srtera! Shereby @royiding @ el fegresy of process
400 n pr ocess 417 for creatin

comps Gl o yamiebiend SpEOH A, I PiFROSE HEEM ﬂteosefelﬁ@d@%%ea"oy may be
appr(ﬁ%’]lgtglg F)%gr%e %JAS t\gnf ‘] '?he & % ggxs%iﬁlgtgrgall {:rlg cgnftr];l ﬁrttloxg e agt%ﬁr g%lon thereby

spacers ereafter, devi‘ce

creatfgYa AferbHfi BB TR GrdirPtherkil CvhTE nBCiule e ‘?ml&.@%.gl pré@eppédnrpmnny with
o a sem conductor alloy in order to Induce the

convel@iShal @dle patPRin® hindSdateadidleciria férMation SroREskHs, @ 1eRR i 1h® Ben@lil JoRiBn of the
second active region 405B. In sone illustrative

active nrigiohi NEortssuend v bahacddi «aflerlay deYie peafimmase nhayobed otsdigd without unduly
all oy may be deposited in the recesses 417A, 417B as

contiibytingr (gvitrerett dopplexitie Frane rillusratig Fmbodintehie the | sergiconguctar atioy may be
regi on 405A. For exa respective sel ective )

°°ml§}§?dt°é§<‘|”£f"gijf“6‘\)\k“h WP%EEE‘F éﬂ!f%@“flgrw'ginvquaﬁh*fpn@éffrﬁawv elloy gpapprovide,

blish in
in cél\%]gnail n. Wlﬁl over é%%lgong%%?kyer}EngaX ﬂ?l?onhﬁerfgﬁngnce gain for N-channel
transfs(%(‘sr @ﬁEQQddaMne%EIMgghégﬁp Qlﬁ)'ytlrl 8980t1m¥ 1 tl%ﬁ’rc!h%{ng transistor may

ger nani umcontent an ant “concentrati on na
provide ehaRed RllSfobfy ihreih. eqwtrreemumtmé@mwdaneaiaaarsaﬁtcerrdué&laﬂ&y having a
Thus, even though the sane type of sem conductor all oy
smalhfaylalblel lsee chbmrant benphied 36 sitiach s@E A dusad; tthevady riedyciag Snverse  strain
405A, 405B, neverthel ess, the correspondi ng
Chaf@ﬁéﬁiat‘toemrgt th the Siﬁw/gtr@aliimhllpiy dlnabhy/illestiatiye enbodisgnts ghe fermation of
gh degree of flexibility in appropriately designing
the Sﬁﬂ@orgt*%{uaHOYCﬁdPeaﬂrﬁ*e%npéfqo aip egensfay e PaiImedkighgpmmon process
s FERTRE 02 s AT PRIy SO - BR G g, cnbnces
ﬂexn&flty%ﬁ%&é?ﬁg Yt r@!pecﬁ’ibé %Ctgﬁ%cshﬁthqg ?Qct to (ﬁ)gﬁﬁ gdn@egltrﬁﬁp gﬁ of alloy,

overal |l device requi renents. Figu emati ca

concBl@iidhlefadieMEMEERInGS Béjzh':ﬁk'@:ﬂ b Qpirs8y ABNAdiIRL a @spgdﬁr/é Rflconductor alloy in
advanced manufacturing stage. Here, a respective

diffeseniraaond ugieOr FalHiopurpbee/ G dose filmktrmc dntbodilentd; eFipiet tstlatbve epitaxial
recesses 417A, 417B, wherein, dependi ng on device

growtheigehniqesyemy ¢ ued gegombingiion evijh edectife etch cepssfohecegdirtz omayr bae of the
provi ded with respect

active regions in a common process and subsequently refilling the recesses with an appropriate
semiconductor alloy. In still other illustrative embodiments, the semiconductor alloy may be formed on the

basis of an ion implantation process, wherein appropriate pre-amorphization steps may be used in

combination with advanced anneal techniques for re-crystallizing the active regions after incorporating the
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to the central portion of the sem conductor materia
413B. Furthernore, the mask layer 411 as well as the
W@ r@emsdels spacers 415 and the cap |ayers 416 nmegrI/b82007/022680
renoved. To this end, highly selective etch recipes
desirggh gtopie spesied] for\fprming the eemjgenquctersaliap| | Edvebis ipurpeshesubstantially the same
Based on the device conflguratlon as shown in Figure

maskig R “raﬁ P‘f hséﬁ‘ asrﬂ“'o%’%"é‘%‘?‘h SR WiEh R f%ﬁj%ﬁesdﬁ“? Rberein, however,

est abl r
s T e R L e S
for ﬁn%pﬁﬁﬁ%dﬁg&gs' V/ﬁho(negelqﬁpég 4Q§|&1we4pe§1§vdl e %age b1 I)tothe active region.

conplete the transistor structures therei
Furtle@§ow, tin thtshﬁsesﬂhblc&?etspoﬂaﬁ% Rihskdhyek s o phﬁfd@d ﬁ'l e Q)th QP Sesi masks,

technlque for individually enhancing the transistor
therepeech@ibirag oa rafucellpmbandebletityansi st ors and P- channe

transi stors on the basis of enbedded sem conduct or

alloy material providing a desired type of strain at

least in a portion of a respective channel region. In

s or’r’ée quqlcu'élt e dipentetitiont Aeae e illstsiivegniy. a5 fhgdnverfion may be modified

ctor all be used in conbination wt
and Qpefired G %%ﬂé‘a“ 5%Vﬁ Fft‘éf@f{'ﬁ?éppa(ﬁﬁté? BPs Sklvﬁdﬂ%@b%fb&avw&thsl@eneﬁt of the

k confi on i s _consi ere
catfiEROEE, 7 X o
s fiER0Eh . P PP e n R B ol BNy rerns oter

Furtlfegﬁ()}gs% liditaHoHs angmténlaai t@?hteldyt?lls o?wngnlg‘uon foptie Frpﬁetr s(flgwnp Yther than as

provi ding the respective seni conduct or al et weeén
descilife@ inGR cla@fsbeIoE] NG thefer@dvidem thal tﬁ&ﬁhidﬁlﬁ%m@&ﬂnén@ RIS ove may be
respective capping layer of the initial sem conductor
alter@itpdrenddified atdngl sibly vptatons diengnsidetedl @lithid @igr @€peQind [PFIICAEIBe invention.
conpatibility with conventional approaches. In other
Accordinglyy the preigétiomspught hesein is pd sefprthuio the elaighs bedgwv. may  be
appropriately patterned so as to fill the
silicon-based nmaterial in a central portion of the
active region, thereby creating a different type of
strain therein while neverthel ess providing high
process conpatibility with conventional gate
patterning and gate dielectric formati on processes, at
| east in the central portion of the active region.
Consequent |y, enhanced overall device performance may
be obtai ned without unduly contributing to process
conplexity. In one illustrative enbodi nent, the
sem conductor alloy may be conprised of
silicon/germanium wherein the substantially
conti nuous silicon/ germaniumalloy may provide, in
conmbi nation with an overlying sem conductor |ayer
based on silicon, performance gain for N-channe
transi stors, while the patterned silicon/germani um
alloy in the active region of the P-channel transistor
may provi de enhanced hole nobility therein. In other
illustrative enbodi nents, a sem conductor alloy having
a smaller natural lattice constant conpared to silicon
may be used, thereby inducing inverse strain
characteristics conpared to the silicon/germani um
alloy. In some illustrative enbodi nents, the formation
of
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the sem conductor alloy in the first and second active
regions may be perforned in a commbn process seguence,
wao bh@sebg7$r ovi di ng reduced process conpl exity, PEUTUEm®)7/022680
in other illustrative enbodi nents, enhanced
flexibility on designing {A4M8spective
ristics wth respect to dopant concentration,
‘”H§€3%8§4ﬁ@#$oy, concentration gradients therein, nmay be
achi eved by separately providing a respective
sem conductor alloy in different transistor types. For
thils purpPQRRondullordNIR (idOl Mﬁtﬁllf)@l;tbdf%mﬁ}mgglgl nents,

ef ficient selective epitaxial growh techni ques may be

us edtirkt firafsREEP (1764) 671 it tebndS8@NVBCHbeY ehe Gk BarRi@PE 288 comprising a first
recessing one or nore of the active regions In a

comMmoDnN prie egin ArvdA S2008 63958 M5 A) Hagihd folrhed GhetebiRvE € GRSGRSlectrode
with an appropriate sem conductor alloy. In stil

ot her i 1(Fis221aB?lvé2lantho fisheativesegiom 108406 4n2G81 €15A) comprising a
alloy may be formed on the basis of an ion

i mpl ant athsBriapy epndwigus fifg smigondugiop#lop (10%1287, 307, 407) extending laterally
pre-ann&ghizatiqn.stqgs nﬁ¥ g used in combination

wi th adVENEEd" SRAWEFTERER VPP Pardging SiHryt pdivgigeion (1054,
the acti LEOI l.ncor. [ t i red -
aton o Sorr B AR iRl DGRIAR B ARl 070U Fger comprising
For thi 9,BUGLP RS ReondiRS thARKkIAl1h YA, 1118A SR TR ggme_d n said first
regimes may be used as are previously describe Wit h
respect stmicdni@r eifoyl(#074807, Whedo9), Baid heVRMREnduddtSii®ado0Ro7, 307,
sel ectively recessing the active regions and refilling

t he sanmd07)aeecringsiyange nfstrain sksaitdayeld sers@dducor maetial (113A, 213A,
i mpl antati on process wi thout requiring a selective

renoval 3&3A-db¥erahdl of the active region. Furthernore,

in this case, the correspondi ng mask | ayers may be
pr &\;Fca%rapﬂst(tri(]léopd}f A5¢5PNd carduetivity, typac gl,e sqc?{]gltréwtor (120B) comprising a

contributing to a.re e r S lexity. The

parti cul’ar e Woedf’gr‘fg'n(?@ %dgug gi %glgd‘%géggg“ é’fé“eg ‘hefelgb_o"e a second gate

"'UStr%Eh%ﬁeQQHY21a?mﬁﬁ§nJ X%&%&Pﬂmaf%igﬁ 15581 405893058, 405B)
(ﬁf al Rt ﬁa ner s

and practiced in erent’ but equiv nner
appar _entcorhlﬁisfng@&@orﬁ K@H\i&ﬁﬂilclonal_ro?@10@,"257)3@7{ udvd) Bxlaﬁded in a first portion
benefit of the teachings herein. For exanple, the
process asd &psordebriibg rsiidh fishoid aedadd/pdanp BtifeGepiRed ibi adegion formed
different order. Furthernore, no limtations are
i nt endedromgaid fpanicgeduetid matesial (¢ BBs2IBBCYIBB 1 HY) antiesshepting a second type
herei n shown, other than as described in the clainse
bel ow. [°f stfan inpadaegions (1838, FOPR: 10pByt 405 Be sqith pacond fymgy of strain being
enbodin%nt% dnglasedf%bove may be altered or nodified
and al | “BURH VartatR*ShE™8re considered within the
scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the clains
bel2ow. Clpfd Maidd¥dddiod devied-AbdYEDS, 3d0, 46h) SEMLMONIMGLiR aid first (107, 207,
devi ce (100, 200, 300, 400), conprising: a first

307, B0B RS Stond (101,20A)30NM07EC) fsénticinde BN ElL6GE dry Edmprited BEsubdtdhBally the same
first transistor (120A) conprising a first

semiconductor alloy material.

3. The semiconductor device (100, 200, 300, 400) of claim 2, wherein said semiconductor

alloy material is comprised of one of silicon/germanium or silicon/carbon.
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1

active region (105A, 205A, 305A, 405A) having forned
t hereabove a first gate electrode (121, 221, 321,
W@ 2mp/0546me first active region (105A, 205A, 30BEY/ULDBA)22680
conprising a substantially continuous first
sem conductor alloy (107, 207, 307, 407) extending
| ateral ly between an isolation structure (103, 203,
303; 40@"‘%’&996@‘?‘?‘#’?@%& d first active region (105A

%8 oA fmnggg%ncoi%g )&} hll:o‘):l {%ﬂ %,Ol%sfgﬁ)glgltalgll\rlsﬁ @crtlgegie %El Ogﬁ; 205A, 305A) and a
sem condugt QL Jgfe%i%ﬁ 11848, o5k, %tg f%l’%op&%t%%&égg%%oo 300);

fornmed on sal SEm co

30 GelecHT) rem&iglh foktlof lof %ﬂ@eﬁﬁmu&&oﬂloﬂlprOi 3674 in %Qi second active
307, 407) generating a first type of strain in said

| ayer oOfreg®@ 0SB, 2USE; BOSB) Ridefieia@bntralldgd, (10281248, 36183 Aormed between
413A); and a second transistor (120B) of a second

conduct ia¥irst gortioy g, a sedosd DO Pithait! seAANI®NdIEOr allpl@UBR07, 307);
conprising a second active region (105B, 205B, 305B,
405Bping aayeieef ﬁml?Pe@'CtOh eptergh 6 @A.2 18 3ok aat lsase h ertiponfeaid first
(121, 221, 321, % the second active region (1058,

205B, 3(9%’8“"338’5%95% ?Oéf‘hénda second seni conductor

aII 07 3 n afi
por%i X%n aﬁé o Q@ g}?{ R-H{) “é’tlhcfa‘? SF'E‘?""&WE?ré'@[?Bﬂd“?’B 2138,
porti onglﬁﬁl ng separ at ed by a region forned from said
sem conductor material ( 113B, 213B, 313B, 413B) and
generating a second type of strain in said region
(105B, 205B, 305B, 405B), said second type of strain
beisng ompomethcd of alaich 4, ifurGér domiprdin@ fforfming ifikst gade eldhtBde (121, 221, 321)
sem conduct or device (100, 200, 300, 400) of claiml1,
abovebréd rstractivairagioh i(H0§4, 3038, 730520id a Sec@@ate 4B)oda(1d]l, 2L GA above said
(107, 207, 307 40702 sem conductor alloys are
S“‘"&’d‘ﬁ‘ﬁF Fgion (167B. 0B F03Rt: Fail Fe5pnd e clestide Gi@hi2eloRdiLising focated above said

Cem@dﬁm\é&%e‘% ?@?m The seni conductor device (100, 200,

2, wherein said sem conductor all oy
material is conprised of one of silicon/germni um or
silicon/carbon.4. A nmethod, conprising: formng a

sel CoNEHL thithodddfl ivn & 1@%relnzf37mmg’3917d) la}ep ofsehlcbRuct@Chidi&l (1134,
regi on (105A, 205A, 3GBA) and a second active region

213/, 30BB on 265 Byst BGRBYgiad (18545 @05A; Q0TN) CrisélavdeSRg (A Brst active region
200, 300); ) selectively renoving a portion of said

(1054205 5 3PN btvore igbrpgyyted thddein saRBemicdd@icior alloy 6187,20% 8ekand
active
7. The method of claim 4, wherein forming said layer of semiconductor material (113A,

213A, 313A) is performed on the basis of a first mask layer (208, 308) and filling said central region (107B,

207B, 307B) is performed on the basis of a second mask layer (210, 311).

8. The method of claim 7, wherein said first and second gate electrodes (121, 221, 321) are
formed by providing a mask layer (308) having a first opening (308A) above said first active region (305A)
and a second opening (308B) above said central region (307B), and filling said first and second openings

(308A, 308B) with a gate electrode material (321).
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W

regi on (105B, 205B, 3(6B) to define a central region

(107B, 207B, 307B) forned between a first portion and
wW@2@80d1d portion of sai d sem conductor all oy ¥ADV$2007/022680

207, 30;) form ng ayer of sem conductor materi al .

(1P3A, Ahqmpgthodpf 1@%1)8 @ﬁ eA fompEgRg definipgopidicenyalgesiop430gB) through said

fjrst ve region (105A, 205A, 305A); and ) filling
S"C"%‘Ja‘ipﬁf‘"tggﬁ({gb regi on (107B, 207B, 307B) with said

seniconductor material ( 113B, 213B, 313B). 5. The

met hod of claim4, further conprising formng a first

gat el I C n 1 I S 1d mas
9215 95 s SO 3 L O (B

layer((3@on Hedbhsis FAIdcomirmdiEmG@iarl3 1) @R daideldn¥ Bpehifg '(@@B)
(105B, 205B, 305B), said second gate el ectrode (121,
221 321) being | ocated above said central region
(107B, 207B, 307B). 6. The nethod of claim4, wherein
f orlii ng Thainethdday daimdP, fertmi cowprabingt or material ( 113A,
213A, 313A) on said first active region (105A, 205A,
3054 sitnseriraleesipne SRLR Wi saidisemisdngustor getetia) &318B)yfhigreh) said second
(105A, 205A, %EEA havi ng i ncorporated therein said
seni condBBC (107, 207, 307). 7. The method of

et i P 8 G B4R B BB g

Of f&min asﬁartmﬁgerlcﬁléﬁ& smgductgpmtenﬂpg}lgﬁ)l zlbl)\%gsaxﬁas&qm ctive region
central region (107B, 207B, 7B) 1s pertornmed on t he

basi s of3m@Bsecond mask | ayer (210 311. ) 8. The

met hod of claim 7, wherein said first and second gate

el ectrodes (121, 221, 321) are forned by providing a

mask | ayer (308) having a first opening (308A) above

sailg fi rsmetipdtdomerisinggi on ( 305A) and a second openi ng

(308B) above said central region (307B), and filling

s aif Mg P dpyerh @ fesh eeirandyrien g @07 defad by3pg ppmigispasieyin a first active

I 2 9. Th hod of cl
e Furt RS hRafT e eﬁacoadél%w Pl @t cont ral region |
( BQ(Z ﬁ ng'ﬁ?y&&l&g&mﬁ:@ﬁdq %Hg (ﬂegmnqu g %paﬁtﬁ)e regilbg (40;&) d:ompnsmg said

claim?9 er conprisin ormn

first opgeidite éﬁ@modd&t&alw(aﬁﬁk 5 | ayer (3_08) on the
basis of a second mask material (31 1) covering said
secdomihg opnst mg A 30BB)reced1417Rh @i TMtihacke@hd attat Mg, (405B) of said
further conpri sing:

semiconductor device (400) so as to define a central region of semiconductor material

(401) in said second active region (405B); and

filling said first and second recesses (417A, 417B) with a second semiconductor alloy (407C)

defined by said two atomic species.

13. The method of claim 18, wherein said layer of semiconductor material (413B) is formed on

said second active region (405B).

14. The method of claim 18, further comprising forming a first gate electrode (421) above said

first active region (405A) and forming a second gate electrode (421) above said second active region (405B),
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filling said central region (307B) with said
sem conductor material (313B) through said second
wop@siorg7§ 308B) ; and form ng said | ayer of PCT/US2007/022680
sem conductor material (3 13A) above said first active
whergig glifrsiandseond smelecireseni4al) aes férmed prier tolfeping said firgiandisecond recesses
enLconductor material (313B) above said second active
(41736‘6}%% (36B). 12. A nethod, conprising: 5 formng a
| ayer of a first sem conductor alloy (407) defined by
two atom c species in a first active region (405A) of
a sem conduct or device (400); formng a | ayer of
sem conductor nmaterial (413A) on said first active
regi on (405A) conprising said |ayer of the first
sem conductor alloy (407); formng a first and a
second recess (417A, 417B) in a second active region
(405B) of said ) sem conductor device (400) so as to
define a central region of sem conductor materi al
(401) in said second active region (405B); and filling
said first and second recesses (417A, 417B) with a
second sem conductor alloy (407C) defined by said two
atom c species. 5 13. The nethod of claim 18, wherein
said | ayer of sem conductor material (413B) is forned
on said second active region (405B). 14. The nethod of
claim 18, further conprising formng a first gate
el ectrode (421) above said first active region (405A)
and formng a second gate el ectrode (421) above said
second active region (405B),wherein said first and
second gate electrodes (42 1) are formed prior to
formng said first and second recesses (417A. 417B).
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