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and source regions including a first dopant species
and a second non-silicon species that forns, in
conbination with silicon, a first strained
sem conductor naterial . Accordi ng to anot her
illustrative enbodi ment di scl osed herein, a nethod
conprises formng a first sem conductor alloy in a
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nel region of a field effect transistor.
Eu??ﬁgrnore,ga gate el ectrode is fornmed above the
strained sem conductor naterial and PN junctions are
fornmed at an interface between }he dra;n gg?Egource
' i LG n regi on. ' ,
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sem’cgmalm%rrlgl%y !n%rs]ilicon-ﬁaased configuration according to illustrative embodiments disclosed hergin;

Figure e schematically illustrates a further tlustrative embodiment in which a semiconductor alloy is

formed by implantation within an active semiconductor region;

Figure 1f schematically illustrates a cross-sectional view of a semiconductor device comprising two
transistor types having different characteristics in their respective channel regions and drain and source regions

according to yet other iHlustrative embodiments disclosed herein;

Figures 2a-2¢ schematically illustrate cross-sectional views of a transistor element during various
manufacturing stages in forming a swrained semiconductor material in the drain and source regions while
individually adjusting the material characteristics of the channel region according to further illustrative

embodiments disclosed herein; and

Figures 38-3b schematically illustrate cross-sectional views of a semiconductor device during the
formation of a gaic insufation layer within an excess portion of a previously formed semiconductor alloy

according to yet other illustrative embodiments disclosed herein.

While the subject matter disclosed herein is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and are herein described in
detail. It should be understood, however, that the description herein of specific embodiments is not intended to
limit the invention to the particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalenss, and alternatives falling within the spirit and scope of the invention as defined by the

appended claims.

MODE(S) FOR CARRYING OUT THE INVENTION
Various illustrative embodiments of the {nvention are described below, En the interest of clarity, not all

features of an actual implementation are described in this specification. It will of course be appreciated that in

the development of any such actual embodiment, numerous implementation-specific decisions must be made to
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regions according to yet other illustrative
enbodi nents di scl osed herein; ~ Figures 2a-2e
schematically illustrate cross-sectional views of a

transi stor el ement during various manufacturing stages
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the invention as defined by the appended cl ai ns.

NOZEQES)Iy,RQ%uW%\ﬂtMSM I:H:JEI lleMsEMTsl:l%Lnductor devices and manufacturing
techniques in which the material characteristics of respective channel regions in field effect transistors are taken
into consideration when applying an advanced strain-inducing mechanism in order to obtain an even further
enhanced device performance. As is previously explained, a plurality of strain-inducing mechanisms are
currently practiced in order to enhance the charge carry mobility in respective channel regions of silicon-based
ransistor elements. However, the material characteristics of respective semiconductor alloys, in combination
with the strain-inducing mechanism, may aiso provide a significant increase in the transistor performance when
the material is provided within the channel region.  Moreover, by forming the respective PN -junctions
substantizlly entirely within an appropriately selected sémiconductor alloy, additional advantages may be
achieved. For instance, silicon/germanium alloys may be successfully used in combination with P-type
transistors wherein, additionally, the reduced band gap energy of the silicon/germanium alloy may provide
enhanced conductivity in the channel region when the respective material is also provided in the channel region,
Furthermore, the strain may be additionally “directly” generated within the channel region, thereby also
significantly contributing to an enhanced conductivity of the resulting transistor device. Due to the additional
provision of a semiconductor alloy within the channel region, an increased degree of flexibility may be obtained
with respect 10 a selection of appropriate materials, since a reduced strain generating effect may be readily
compensated for by other additional material characteristics and the highly efficient generation of a respective

strain even if it is generated with a reduced amount compared to currently practiced strain-inducing techniques.

In some illustrative embodiments, selective epitaxial growth techniques may be used for locally
forming an appropriate semiconductor alloy in respective active regions prior to patterning the gate electrode

and the gate insulation layer. Subsequently, the further manufacturing precess may be continued on the basis of
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precedi ng etch process

sem conductor alloy may be required for adjusting
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required in the drain and source regions for obtaining

a desired strain characteristic, the growh process

206 may be perfornmed so as to deposit the desired

mat eri al conposition tailored for the channel

characteristics. For instance, in sone illustrated

enbodi nrents, it nmay be advantageous to provide a

silicon/germaniumalloy with a noderately | ow

ger mani um concentrati on while neverthel ess a high



WD 2008/ 016512PCT/ US2007/ 016612 separates the gate

el ectrode 208 fromthe channel region 210.

Furthernore, although not shown, a corresponding
wietobs/eadizdopant profile may be formed in t hecr/us2007/016612
sem conductor region 203 and the channel region 210 in
accordance with device requirenents. Furthernore, a
spacer structure 212 nay be formed on sidewalls of the
gate el ectrode 208 and a cappi ng Iayer 217 may be
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subsequent inplantation process for defining the drain
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illustrates the sem conductor device 200 after the

conpl etion of the selective epitaxial growth process,

t hereby providing a secongs sem conductor alloy 2078 in

t he sem conductor region 203. For exanple, the

sem conduct or alloy 20713 nay be forned from a

mat eri al conposition providing the desired strain

characteristics. Hence, the channel characteristics

and the strain-induci ng mechanismmay be realized in a



In Figure 3a, a sem conductor device 300 may conprise

a substrate 301 having forned therein an active

sem conduct or regi on 303, which nay be defined by an
waolabisen structure 302. Furthernore, a sempe@Rdual stz
alloy 307 may be fornmed within the active

sem conduct or regi on 303, wherein the size and the

mat eri al conposition of the sem conductor alloy 307

may be sel ected in accordance with device
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that not necessarily the entire material of the excess
portion 307E nmay be converted into an insul ating
mat eri al during the procegs 320 so that, below the
respective gate insulation |ayer 309, a m nor anount
of material of the initial excess portion 307E may be
provi ded, which may, however, not significantly affect
the overall behavior of a respective channel region to
be formed in the sem conductor alloy 307. In sone
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The particul ar enbodi nents disclosed above are

illustrative only, as the invention may be nodified

and practiced in different but equival ent manners
vappas/eaiizt o those skilled in the art havi ngptRes2007016612

benefit of the teachings herein. For exanple, the

process steps set forth above may be performed in a

different order. Furthernore, no limtations are

intended to the details of constructaon orhdes:gn

' ; r cri bed | e clai , ,

o L e M@l D05 AR L SR A 8y i it o
° epn}(g’o‘)éyi ment & §FsPrEsefEahAE MU Bey ditf erett Orerpryabbited of the
SlEREeRr TSRV At ghrnh seiar 20c Bniubdr agreathivn dehBove manufacturing
seqgenERuEny Anpkrigypied inta siﬁilartflik_&ioi: anee Bikcl O More A%Q(aﬁﬂn@g)kééses xtnzt}%_e used instead
of §he of BGd brae Sa&u‘g?mi’“fngr&gé»ah el §<§tinsfagc£,ttpe :kaQeﬁtélqg?Acrlnaa Ibﬁormed on
he REL QW seteSt BB it o diwu N TEL o% conprising: orm nd’fa ,
‘mask | Gyer  patterhed 16 EXpEEECS WEF (' St 2Biroy 8¢ formed on the
ous ST R B STy BPehed vith bt mgte arofdgIsl

sem conductor alloy in said exposed portion of said

fi r 9iith &tddnitao FRMeL WWIUGHIRS ill?s@?lﬁ@ @m@Min’f&gg [«F{uﬂg‘é’%ﬁ féiés%:r%%d wherein a

- j j t] e first actiyv | )
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first sem conductor alloy in said first recess,

whel digfires’ai asemiseidudtayletice 3Rp ome®matise |1 eatstat0re hhatzabrakd therein an
actippoetnjcgruatdr repatin30B,i Wl_ﬁih ant i:eVﬁ:ﬁieGgi:yChﬂ iﬂ:ﬂidorpﬁr\(zﬁﬁrg 3_@1:. Furthermore, a
semﬁc&@fﬁ(ﬁor omne 331:119@ &Q&rﬁlhcpxnthglfthe%@tkv.g S{"{é{?gg\l;ftﬁ%gléoé?g{’ reirwgfl:srﬁrp the size and the
ol 68y L Sl BRL o0y IR SIS T
Wit S8R0 L0 BB (r Pt AP Srtind Siamg awi b firivicotly explained with
refegpiite Hh hyiseso00 atd 290 Afrthemmorkor pritiog 367 o efckss Saterial is formed above the
sem'seﬂhml’aﬂhyciwram.ﬂﬂhhs{)é/ hifﬁﬁﬂ.materia!fq@ﬁmsﬂgﬂ QJ _@l 4 e@ﬁ;@ t‘ﬁé) Webftion of an
apprﬁﬁ@@e%ﬂ@inﬁfatiﬁi Ewexr é;)btgiﬁ ﬁlgg'lorséhgrgctéﬁﬁicss \g‘:]thdresfpcl:c[ t%tther?"n%F s!ta%i?ity and the like,
In 0§§ Hﬂ;&%’:ﬂg %%Bo%!‘me{u,e%le oegc'ess portion 307E may be comprised of silicon so as to enable the
application of well-established techniques for forming a highly uniform insulating layer in the excess portion

307E,

The device 300 may be formed on the basis of processes as previously explained with reference to the
devices 100 and 200. For example, the semiconductor ailoy 307 may be formed in accordance with any of the
processes previously described. Thereafler, the excess portion 307E may be formed on the basis of a selective
epitaxial growth process or any other appropriate deposition technique, wherein, depending on the crystallinity
of the deposited material, a subsequent re-crystallization process may be performed. For example, after forming
the semiconductor ailoy 307 by epitaxy, implantation and the like, and after the removal of any masks, such as
an etch and growth mask or an implantation mask, the excess portion 307E rr;ay be formed on the basis of an
epitaxial growth process, wherein, optionally, prior to the growth process, a surface planarization process may
be performed. Thereafter, the device 300 may be exposed to an oxidizing ambient 320 in order to form a base
oxide material, which may be subsequently treated in any appropriate manner, for instance, by incorporating
nitrogen, so as to obtain the desired material characteristics. In some embodiments, the excess portion 307E
may provide a desired thickness of the gate insulation layer 309 after the oxidation process 320, while, in other
embodiments, a further treatment may be performed so as to obtain the desired final thickness of the gate

tnsulation layer 309,

Figure 3b schematically illustrates the semiconductor device 300, wherein an initial thickness of the

layer 309 may be reduced, for instance, by a highly controllable atomic layer etch process and the like, in which



2. The nethod of claim1, wherei n form ng s_ai d drain

and source regions conprises formng a strained

sem conductor material in said first active

ve@mogonsiact or region by formng a recess inraR&ANN 6612

portion of said first active sem conductor material

after formng said gate el ectrode and form ng said

strai ned sem conductor material in said recess. 3.

The method of claim1, further conprising i ntrgdui:l Pg

i Loto said first sem conducto o

o R a e RO b TP bRk P s 077 o
‘*‘%ﬁ'éﬁ%&‘r“"a &%?ﬂ?@ ‘*r"ﬁ'? B ARREE e inat nepopsaribd Sigicmie eierishaf the excess
POROERD Bt e SPnvETed dtese ibtting wateriahayristhdprdeds 810 so that, below the respective
Batg wpplatiomielgcl0dra rahdr @Yount oEg}&t}hﬁ)fﬂ%tJﬂQdex@f;s ;ﬁhl@x‘l R Lizg may be provided, which
maf, U & He nd chiauﬁiiy A8l A S0H bl EViE S EE RSN %h%;%g.%gog\ége?e d‘omgd in the
sen%é:in&ixctm Jl]§yt 30$emsgr9cni y%ti(\)re[ cuq;l rl_iioy bl 5 o i olronlla chfra terpge, a silicon

gate el ectraode, 'Sai d excESE HEYT P it sreeasugontays. i dvieme l
layn’a’f“@’rbl“’ g]lteméo 6%6? (rteingshiupieg the Pymatie! Sapatk 'flﬂukigih.iayar 309, thercby providing
ncEesr Befprd kit veitd ogyertheles§ protidiag mhgdc‘ﬂﬁucg‘!ilalcﬁﬁ‘ra@tﬂristics_ of a channel
reEfourotbh @l CYRYseibiciuclopdBy R, R Lt Be JoBSUA AL AP AYEL ol processes,

cor f clalm i

such @d Gle %J&&ﬁéﬁpr&&.’{su‘?@, rlvfth ania}g] Ifb gpt:geréa‘ci:lg %(anngé?nwelb A &@EI% Gpntroltable removal

n o | a Col re '
ol WL S 0, L g o St o o
PEFYP RETRyId Rrgesy geheiaesh. eGnpegatethofn thih@ayl eldstalilEIRn St i@lqlds for forming a
reliablgizate BedGeda)s O UEORGHLE tveales@bisiRY mikndd fhy &gorfrgilgglv%hgfonnation of a

: ; thod, conpri sing: .
chai;ngl:rﬁr;ﬁiorr;gﬁlaﬁl %gﬁéﬁgnggpﬁggw%yrhﬁg% L@odqszr)%{g %grgcteé:suﬁ 35 lfnefvgﬁsgyoqescnbed.

a f/j‘ rst active seniconductor region;
s a result, the subject matter disclosed herein provides a technique for forming advanced field effect

transistors, wherein material characteristics of semiconductor alloys may be taken advantage of in the respective
channel regions so that, in combination with additional strain-inducing mechanisms, such as a strained
semiconductor material, an increased overall performance may be achieved. For this purpese, an appropriate
semiconductor alloy may be formed in an active semiconductor region prior to the patterning of a gate
electrode, wherein, in illustrative embodiments, the semiconductor region comprises a silicon-based material.
Consequently, advantages with respect to band gap characteristics and scattering behavior and the like may be
obtained in the channel region, while nevertheless a strained semiconductor materia) may be provided in the

respective drain and source regions,

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent 1o those skilled in the ant having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order,
Furthermore, no limilations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below,
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Cl

locally formng a strained sem conductor material in
sai d exposed portion of said first active .

sem conductor region by formng a first recess in a
first portion of the first active region exposed by
sai d mask |ayer and selectively growing the first _
48 conductor alloy over in said first recess, wherein
said mask | ayer exposes at |east one |lateral portion
of said -first active region and covers at | east one

edg ald first active region adjacent said
g Z}ge&%%?&“glﬂﬁ?enDV|ng sai d mask | ayer;

f or MrAthetd Madk BRY RAWEEIS, &}?{539 qspoﬂf(’ag oft dqa?%[e“yc LG Qcor

of .a field effect tranS|sto In'sald stra
sérPtonductor material; forming a gate el ectrode

For inaR 0 ngh S BB R TR S8 euphdpufonrl saff i active
FﬁFWFﬁgWPM%FQW@ﬁWdﬁgnmLEahmlnkeﬁﬂa@dhmqumm@nobmudhucmch

diegidh @aRgosQlLGes4ia0MARR 1@9dr 3R GbAMNEY FRAVIAD- the first
semiconductor alloy in said first recess, wherein said mask layer exposes at
least one lateral portion of said first active region and covers at least one edge
portion of said first active region adjacent said lateral portion;

removing said mask layer;

forming a gate electrode above said first active semiconductor region
comprising said first semiconductor alloy after forming said first
semiconductor alloy; and

forming drain and source regions of a first transistor in said first active
semiconductor region,

2. The method of claim 1, wherein forming said drain and source regions comprises
forming a strained semiconductor material in said first active semiconductor region
by forming a recess in a second portion of said first active semiconductor material after
forming said gate electrode and forming said strained semiconductor material in said
recess.

3. The method of claim 1, further comprising introducing a first channel dopant
info said first semiconductor alloy.

4. The method of claim 3, wherein said first channel dopant is introduced by in
situ doping during a deposition process for forming said first semiconductor alloy.

5. The method of claim 1, further comprising forming an excess portion above
said first semiconductor alloy prior to forming said gate electrode, said excess
portion having a different material composition relative to said first semiconductor
alloy.
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6. The method of claim 5, further comprising forming a gate insulation layer in

said excess portion.

7. The method of claim 1, further comprising forming a second semiconductor
alloy in a second active semiconductor region prior to forming said gate electrode
of the first transistor, said second semiconductor alloy differing from said first

semiconductor alloy.

8. A method, comprising:

forming a mask layer patterned to expose a portion of a first active
semiconductor region;

locally forming a strained semiconductor material in said exposed portion
of said first active semiconductor region by forming a first recess in a first portion
of the first active region exposed by said mask layer and selectively growing the
first semiconductor alloy over in said first recess, wherein said mask layer exposes
at least one lateral portion of said first active region and covers at least one edge

portion of said first active region adjacent said lateral portion;

removing said mask layer;

forming drain and source regions and a channel region of a field effect
transistor in said strained semiconductor material;

forming a gate electrode above said strained semiconductor material, after

forming said strained semiconductor material; and

forming PN junctions at an interface between said drain and source regions

and said channel region.
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