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and/or cost efficiency. During the fabrication of complex integrated circuits using, for instance, MOS

technology, millions of transistors, e.g., N-channel transistors and/or P-channel transistors, are formed on a
20 substrate including a crystalline semiconductor layer. A field effect transistor, irrespective of whether an N-
channel transistor or a P-channel transistor is considered, typically comprises so-called PN junctions that are
formed by an interface of highly doped regions, referred to as drain and source regions, with a slightly doped or
non-doped region, such as a channel region, disposed between the highly doped regions. In a field effect
transistor, the conductivity of the channel region, i.e., the drive current capability of the conductive channel, is
25 controlled by a gate electrode formed adjacent to 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
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
30 the capability of rapidly creating a conductive channel below the insulating layer upon application of the control

voltage to the gate electrode, the conductivity of the channel region substantially affects the performance of
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provi ded by the capacitor fornmed by the gate el ectrode, the channel region
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20 effect transistors, the length of the channel region has continuously been decreased to improve switching speed
and drive current capability. Since the transistor performance is controlled by the voltage supplied to the gate
electrode to invert the surface of the channel region to a sufficiently high charge density for providing the
desired drive current for a given supply voltage, a certain degree of capacitive coupling, provided by the
capacitor formed by the gate electrode, the channel region and the silicon dioxide disposed therebetween, has to
25 be maintained. It turns out that decreasing the channel length requires an increased capacitive coupling to avoid
the so-called short channel behavior during transistor operation. The short channel behavior may lead to an
increased leakage current and to a very pronounced dependence of the threshold voltage on the channel length.
Aggressively scaled transistor devices with a relatively low supply voltage and thus reduced threshold voltage

may suffer from an exponential increase of the leakage current while also requiring enhanced capacitive

30 coupling of the gate electrode to the channel region. Thus, the thickness of the silicon dioxide layer has to be
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extremely thin silicon dioxide based layer. It has thus been suggested to replace at least a portion of the
20 conventional silicon dioxide with high permittivity materials such as tantalum oxide (Ta,Os), with a k of

approximately 25, strontium titanium oxide (S1Ti03), having a k of approximately 150, hafnium oxide (HfO,),

HfSi10, zirconium oxide (ZrO,) and the like.

Additionally, transistor performance may be increased by providing an appropriate conductive material

25 for the gate electrode to replace the usually used polysilicon material, since polysilicon may suffer from charge
carrier depletion at the vicinity of the interface to the gate dielectric, thereby reducing the effective capacitance

between the channel region and the gate electrode. Thus, a gate stack has been suggested in which a high-k

dielectric material provides an increased capacitance based on the same or greater thickness as a silicon dioxide

based layer, while additionally maintaining leakage currents at an acceptable level. On the other hand, the non-
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characteristics which may thus lead to a significant variability of

t r ansi staofials Walk @gtcar F@kkap®le, hafnium oxide and zirconium oxide may exhibit a very high oxidation rate

20 in the presence of oxygen and elevated temperatures, thereby resulting in a pronounced modification of the
material characteristics which may thus lead to a significant variability of transistor characteristics.
Consequently, it may be very difficult to accurately adjust the threshold voltage of transistors on the basis of a
high-k dielectric material that is provided in an early manufacturing stage. In some conventional approaches, a
certain degree of stabilization of material characteristics may be accomplished by a treatment of the high-k

25 dielectric material immediately after deposition, for instance in the form of nitridation and the like, in order to
enhance the further processing of the sensitive gate dielectric materials. On the other hand, the threshold
voltage of the transistors may have to be specifically adjusted on the basis of a specific work function metal in
combination with the high-k dielectric material. In some conventional approaches, the threshold voltage

adjustment may be accomplished by incorporating a certain metal species into the high-k dielectric material in

30 order to obtain a desired work function in combination with a metal-containing material formed on the high-k
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purpose is to present some concepts in a simplified form as a prelude to the more detailed description that is

20 discussed later.

Generally, the present disclosure provides techniques and semiconductor devices in which enhanced
integrity and thus stability of a high-k dielectric material may be achieved on the basis of an appropriate
treatment, such as nitridation, oxidation and the like, wherein, prior to the stabilization of the material

25 characteristics, a desired threshold adjusting species may be incorporated into the high-k dielectric material. To
this end, the high-k dielectric material and an appropriate cap layer or cap layers may be formed prior to
performing the stabilizing treatment so that superior performance of the diffusion process may be accomplished,
wherein, after incorporating the threshold adjusting species in the high-k dielectric material, the subsequent
stabilization may provide superior integrity and thus stability of the resulting threshold voltage. Consequently,

30 after incorporating the desired threshold adjusting species into the high-k dielectric material, any appropriate
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Additional 'y, a nmetal containing electrode material i1s forned on the gate
di el ectgaikc@icRati@ndt@lal. Additionally, the nethod conprises formng a gate
el ectrode structure of a transistor on the basis of the metal-containing

electrode material and the gate dielectric material. A further illustrative
nmet hod di scl osed herein co rlses fornlng a gate dielectric material above
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performng a heat treatnment to init
above the second active region. Furthermore, the method comprises performing a heat treatment to initiate

diffusion of a first species from the first metal-containing material in the gate dielectric material above the first
20 active region and to initiate diffusion of the second species from the second metal-containing material into the
gate dielectric material above the second active region. Additionally, the method comprises removing the first

and second metal-containing materials and performing a treatment to stabilize the gate dielectric material.

One illustrative semiconductor device disclosed herein comprises a first active region and a first gate

25 electrode structure formed on the first active region. The first gate electrode structure comprises a dielectric
base material and a high-k dielectric material formed on the dielectric base material, wherein the high-k

dielectric material comprises a first threshold adjusting metal species in the first gate electrode structure. The
semiconductor device further comprises a second active region and a second gate electrode structure formed on

the second active region. The second gate electrode structure comprises the dielectric base material and the

30 high-k dielectric material formed on the dielectric base material, wherein the high-k dielectric material



diffusion of a first species fromthe first netal-containing material in
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nmet al ehBedih&denpaterial, wherein a threshold adjusting species may be
incorporated into the highk dielectric material prior to stabilizing the
mat eri al characteristics thereof, according to illustrative enbodi nents;
and Figures 2a-2j schematically illustrate cross-sectional views of a
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1lustrative embodiments.

20 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, equivalents, and alternatives falling within the spirit and scope of the invention as defined by the

25 appended claims.

DETAILED DESCRIPTION
Various illustrative embodiments of the invention are described below. In the interest of clarity, not all
features of an actual implementation are described in this specification. It will of course be appreciated that in

30 the development of any such actual embodiment, numerous implementation-specific decisions must be made to



Whil e the subject matter disclosed herein is susceptible to various
nodi fi cations and alternative forns, specific enbodi nents thereof have been
shown by weyoofi3exanpl e in the drawi ngs and are herei n #esarseded3iing detail .
It should be understood, however, that the description herein of specific
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figures. Various structures, systens and devices are schematically depicted
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definition for the termor phrase. The present dlsclosure provi des

sem conduct or devices and techniques in which sensitive gate

The present disclosure provides semiconductor devices and techniques in which sensitive gate

dielectric materials may be treated to receive an appropriate species for adjusting overall transistor

20 characteristics, such as the threshold voltage and the like, prior to performing a treatment for stabilizing the
material characteristics of the gate dielectric layer. As previously explained, the principles disclosed herein may

be advantageously applied to sensitive high-k dielectric materials which may have a tendency for changing

material characteristics upon exposure to certain environmental conditions or process conditions that may be

applied during the further processing of the semiconductor device. According to the principles disclosed herein,

25 the desired transistor characteristics, for instance with respect to threshold voltage, may be adjusted after the
deposition of the sensitive dielectric material and prior to any stabilizing treatment in order to enhance the

efficiency of the incorporation of the desired species, such as a metal species. Consequently, the desired species

may be incorporated by diffusion on the basis of less demanding process conditions, i.e., on the basis of a

reduced process temperature and concentration, such that other device characteristics may be less affected by

30 the threshold adjustment. Based on the subsequent preservation of the material characteristics by any



dielectric materials may be treated to receive an appropriate species for
adj usting overall transistor characteristics, such as the threshold voltage
and the Iwkepiopezp to performng a treatnent for stabi PCTiusgomas1at eri a
characteristics of the gate dielectric |ayer. As previously explained, the
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materials, such as polysilicon, silicon/gerfmanium and the
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herein or in the appended clains, the dielectric gate material should not
be consilderedatas! beinniptingesdierialcneé te tie. Wpghamkplap bired tnpulatingriayee mpyathegormpd gur e |
a schematically illustrates the cross-sectional view of a sem conductor
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| ayer 102, thereby formng a silicon-on-insulator (SO) configuration. The

sem condud @rtiofrat ter se@lcoriti®@or Mgyt 10Bilins@stedihayatpyeseid pr ©fiveirédicd of a transistor and may

20 thus include a certain basic doping level in order to define the basic transistor characteristics, such as the
conductivity type thereof. In this respect, an active region is to be understood as a portion of the semiconductor

layer 102, which may be laterally delineated by an appropriate isolation structure (not shown) and which may

comprise or receive appropriate dopant profiles in order to form one or more PN junctions therein.

25 Moreover, the semiconductor device 100 may comprise a gate dielectric material 110 formed on the
semiconductor layer 102. In some illustrative embodiments, the gate dielectric material 110 may comprise a
high-k dielectric material 112, such as hafnium oxide, zirconium oxide, hafnium silicon oxide and the like,
depending on the overall process and device requirements. When a direct contact of the high-k dielectric
material 112 with the semiconductor layer 102 may be considered inappropriate, for instance in view of thermal

30 stability and the like, a dielectric base layer 111 may be provided to act as an interface between the high-k



material, such as a silicon material, possibly in conmbination with other
conponents, such as germanium carbon and the like, in order to obtain the
desired twangimtiesiocharacteri stics. In the manufacturi n@CIESI@0HBIGMN | N
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dielectric material 110 in a later manufacturing stage. As previously
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instance, with respect to a threshold voltage of a transistor that
function and thus threshold voltage adjustment for a transistor still to be formed in and above the semiconductor

20 layer 102. For example, the layer 121 may comprise a diffusion species in the form of aluminum, tantalum and
the like, which may represent appropriate candidates for adjusting the threshold voltage of a P-channel transistor
and an N-channel transistor, respectively. For example, the layer 121 may be provided in the form of a
lanthanum layer with a thickness of several Angstrom, when an N-channel transistor is to be formed on the basis
of the gate dielectric material 110. Furthermore, a second layer 122 may be provided, for instance, in the form

25 of titanium nitride and the like, which may efficiently provide superior integrity during the further processing. It
should be appreciated that the cap layer 120 may comprise additional layers, such as an additional titanium

nitride layer directly formed on the high-k dielectric material 112, if considered appropriate for the further

processing.

10



has to be fornmed on the basis of the gate dielectric material 110.
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| ayer, such as the layer 121, nay be deposited by CVD and the I|ike.
provided for increasing integrity of the cap layer 120 when exposure thereof to a process ambient may be

20 considered inappropriate during the further processing. For example, titanium nitride exhibits a significant
oxidation rate when exposed to the ambient atmosphere at elevated temperatures. In other cases, the protection
layer 103 may act as an efficient heat distribution layer, for instance in the case of sophisticated anneal
techniques that may be used during the further processing of the device 100. It should be appreciated that a
plurality of well-established process recipes are available and may be used during the deposition process 104.

25 For instance, a thickness of the layer 103 may be selected in the range of 10-30 nm, while other values may also

be selected if considered appropriate.

Figure 1c schematically illustrates the semiconductor device 100 when exposed to elevated
temperatures during an anneal process 105, during which a desired diffusion species is initiated to diffuse from

30 the cap layer 120 into the dielectric material 110. During the anneal process 105, the effective process
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Figure Ib schematically illustrates the sem conductor device 100 in a
further advanced nmanufacturing stage in which the device 100 nmay be exposed
to a furtwerotepexpti on anbient 104 in order to form a pcotusettivosibayer 103
on the cap layer 120. The protection |layer 103 nay be conprised of any
appropriate material, such as a silicon material and the |ike, which may be
r emoved ek Rl Ehd6h FRE Yaul Be A Bhy TAANGAG b NcSAUE M AR dindul y
conprom sing integrity of the gate dielectric material . The protection
| ayer 1@BsioRypebe, pr,ans medolll djudiRCaHeds inigin it @it YnaRfial tlhf;wﬁa&n Ihay&kr, 120
when exposure thereof to a process anbient nmay be consi dered i nappropriate
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di el ect, ]Gy &'Eﬁ:hﬁﬁéd%h thl' Jonns o‘ﬁ@ﬁ‘oéﬁhaﬂus i \OMBMRY 4ir6@Rn Pa'Ee%ngéﬁédyS EXPhA B}%gmméd"e
| ess pronounced "stability” of the dielectric material ?L may provid

super i abr thy LRSS maemli fol ORSantbdT frétess I iFem49 b feBSBned 0Bthe K208 sRGYSPIobate alﬂhetalh
tenperatures of approxi mately 9000C and hi gher, an efficient diffusion my
be i ni tiechtied, whkreirpidheatl emcdmdctsenpseabasedeaned) poecsse| Boblet!-Bedasntkido
g’ipropri at el ngom tion the species under consideration, such as, for
anpl oS EMEPRUE: BISUPA %ﬁ?ﬂé{ﬁﬁ@ﬁ@ew ke annggl prgocgeldp ﬁ)éﬁdbedﬁlﬁqrﬁewntﬂpﬁ%m% he
gate di ctric materia ci_es corrprlsed

O e T agen or5q T in o Fap iy s ShebRSE absiE (0 gy bl R Ry a1 e
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i1l ust _ process _ be control suc at a
certai reo@MAE, ifort 181 REELE S niFRY tdsil Wifdk U bd RbiRbLE RBicRAsELd a@c\b%hsiaédl, i f

consi dered appropriate for adjusting the overall
by appropriately adjusting the effective exposure time and temperature during the process 105, which may thus

20 result in a corresponding change of the diffusion of the species 121A into the dielectric material 110,
Consequently, different “flavors™ of transistors may be obtained by locally differently adjusting the amount
and/or the penetration depth of the species 121A in the dielectric material 110. For this purpose, well-
established laser-based anneal systems may be used in combination with corresponding position information in
order to appropriately adjust anneal parameters by, for instance, adapting the scan motion of the corresponding

25 anneal system and the like. As previously explained, during the anneal process 105, the protection layer 103, if
provided, may ensure integrity of the cap layer 120 and may, if required, enhance performance of the anneal

process 105, for instance with respect to absorbing radiation energy if the cap layer 120 may exhibit increased

reflectivity and the like.
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characteristics of the dielectric material 110. Appropriate process
paraneters for the anneal process 105 may be readily determ ned on the
basi s of weperwmsesvs in which the diffusion rate of a desrrisdowpaases nay
be obtained for the dielectric material 110. The anneal process 105 may be
performed on the basis of any appropriate anneal technique, such as rapi d
thermal annagl,PiQGEssEsy hARRLRASAAINEAL LT ACRS §E%e l.ASHLL altkrhAs e
anneal processes and the'like. In sone 1llustrative enbodi nents, the anneal
pr oces Sitadd SAdmaysrhel, peadat m‘ﬁﬂm@frbe ks @SS ophord rda@ﬁ@ﬁm&@s‘éﬁﬁ)@scylﬁﬁgaﬁﬁldhﬂhéﬂhl ch
radi ati on may be supplied to the device 100 in a locally resol ved manner,
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transistors in a locally different manner. For example, in sone device
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may be QRh@hdRdndiadi@Cahayitish d_‘fin@ hRRLHY 186H 108 Ihb¥din FREre ANDKhBea @R e Ofp 15y0e
penetration depth of the species 121A in the dielectric material 110. For

thi s pucp@ere Mehiyestrafveds e thsthias @n 1He dsdithf amaedtmisy stierBipamBing bearis@thm n
conbi nation with corresponding position information in order to

appr oproerridd pixgej (M) animdamaypeficensy eQﬂqu)ylatelfaésrsuﬂn@tt&w@@ niﬁidapltdi thglikher scan
gii)tl on of the correspondi ng anneal system and the |i revi ouslf%g]1=
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enhance perf of na ance V\n}irﬁSPr espect to

absor bi g, Af.af | }eé’lﬁe e@@ds&bﬂerh@ i Q‘ﬁqe‘?lﬁ@traln@eyc‘?r{bocﬂxﬁgnsnﬁy KXALRLL nlRENSRSEL,
reflectivity and the ke.Figure Id schematically |fg | ustrates the

sem condughed ddey e Etcﬁ. Q:Quehcﬂ: 186 fndfitah @ls RGyPREED: thaMNHicatattiching pStidg@peridS

illustrated, the device 100 may be exposed to one or nore reactive

pr ocessebiliy@6the ghtir dighgtrnimiaetil § We Itphatdede bpponiafed hatrthe @B clain dattiné 1 Gapy bayper 120

gl gure lc) may be renpoved. For exanple, the etch sequence 106 may corrprl se
y apphapt ¢ @itdn ern Oéﬁ@?ﬁeg%sﬂg%lﬁf%tq FEHRE APl pﬁ%%é‘bﬁt(’ﬁweﬂ%\y@r Xpgle. f or

i nstance t he bas r oxi i ke, tetra neth

ot TR RaPBETe TN AR A o Pt Poop ey b SEIROR it er i al
sel ectiyely nfd%tét agea@ellﬁyer I n other cases, any other appropriate etch
reci pe nay be use pendi ng on the materi aI conposition of the protection

| ayer 103 shown in Figure Ic. Thereafter, the cap layer 120 (Figure Ic) may
be renoved, for instance, on the basis of a wet chem cal etch recipe using
an ammoni umFigure le schematically illustrates the semiconductor device 100 during a further treatment 107 that

20 may be performed on the basis of any appropriate process techniques for increasing the stability of the gate
dielectric material 110 in view of further high temperature processes, exposure to other process conditions and
the like, as previously explained. In particular, the process 107 may impart increased stability to the gate
dielectric material 110 with respect to interdiffusion of other species, thereby stabilizing and thus substantially
maintaining the distribution of the species 121A within the dielectric material 110, which may thus result in a

25 reduced degree of variability of the finally obtained threshold voltage. In some illustrative embodiments, the
treatment 107 may include a nitridation process, possibly in combination with an oxidation step, in order to
incorporate nitrogen, possibly in combination with oxygen, into at least an upper portion of the gate dielectric
material 110. For this purpose, any appropriate process techniques may be used, such as plasma-based
treatments in a nitrogen-containing atmosphere and the like.  Similarly, an oxidation may be applied if

30 considered appropriate, wherein plasma-based oxidation recipes may be used, thereby avoiding undue elevated
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peroxi de m xture (APM, which may efficiently renove materials such as
titaniumnitride and the like, in conbination wwth the diffusion |ayer 121
(Fi gure 1wp20mhiska9Ist oppi ng at the dielectric material PCO/USAEL0/084164
instance, a plurality of high-k dielectric materials may exhi bit enhanced
etch stop capabilities with respect to a plurality of etch recipes.
Conseq l‘[ﬁﬁﬁela&ues Iyhich gﬁ?othér\L]{SleslteJuﬁtlﬂ Vs?gnﬁ' %@gfﬁmto?vhe gpggesggltAeat gﬂ ﬁitl%%h;{sk Qf the
material 110 may be exposed during the etch sequence 106 may t hus be
pr epar afathedt 16 an fdatetingiatitd @bORE:s, the pRERYpackthe Gl PLIhE @éau@halbn Idad We Rlectéde
gate dielectric material 110. It shoul d be appreciated that the dielectric
mat er i ahchlifi:d antesred spatiai suctt iveritgigen, anag elpd b incogropien tint@fhe bive laypeldi.eBprd@ddeA due
to the Ereced anneal process 105 (Figure Ic). For exanple, the diffusion
specie§fT?lﬂﬁnﬁgm%@gW@ﬂﬁ@ﬁmﬁﬂwﬂ%@mfﬁyéﬁm%EZWmmﬁﬁﬁémﬂFﬁ“@PW%?d@ﬁﬁG@F%@ﬂts

e specjies 12 al sp exte t he hase
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technlques I'ncr easi e st of t ate |e ectric terial 110
in vi erngfﬁanﬂ}F énhﬁ&edmaﬁihtytdﬁﬁﬁ Qe A UEDrddEsQRL B €50 pﬁ:’&ﬁ@sﬁ%ﬁmﬁé& other process
conditions and the |ike, as previously explained. In particular, the
process 107 may inpart increased stability to the gate dielectric nmateri al
110 with respect to interdiffusion of other species, thereby stabilizing
and thus suldsuentiisaieniicrt itsaden tegeniiendeita devidsut0p duringfe firter Epativegrodssl A
ithin the dielectric material 110, which may thus result in a reduced
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i1 ust rd?etlelct\rllg errb?(fl Orr%or €xX n%mgl ete ?‘t rr‘%lgltél% :el'lectrogra aterlnlcllltfj p?(gvgc{écll 1n e orm

process BOSES ron W ion in

'nCOprk%%%wﬁh&&%gﬁ&, ﬁRE%&Qk%m&&mﬁ%ﬂP!@@Lhoﬁm%hiﬁmﬁ%¥gﬁlwﬂkﬁ&ﬁw@E%J&ﬁSt an
upper portion of the gate dielectric material 110. For this purpose, any

appr oprstiadd, Rp@6iessn thesbnll pdess simyeyb ehdi&pditios ptedssass phasparfdased tlemaad ment s
in a nitrogen-containing atnosphere and the like. Simlarly, an oxidation
may be dipplweBdstibfishebmerdercmd appropriate, wherein pl asma- based oxi dation
reci pes may be used, thereby avoi di ng undue el evat edt enper at ures, which may
herwi se result in a significant diffusion of the species 12 I A at an

initial ha of the t. In_.so illystrative enbodi nts, the
obas har i esIEph AR TR R b e Bo R Ragetst U0 & e AR PRAT s + e
Speci e5,.,SUCh 5.1 1ERIEN B ALIR S 1 AERLARIBLEL LIRALhE bRBe ) AYer

111, if rovi ere y al so enhancrng t aracteristics’ thereof,
i NSt ANCEmp¥ D oH18&REG thaRrifiN@o HESMbbRYst i) 88 tith EppeRRSdRRE shadbdstig] N

bl ocki ng behavior and the |ike. Consequently, during the treatnment 107, the

char actisran@t witisre@bct tdethlegigidrvoltage, as explained above. Furthermore, the metal-containing electrode

20 material 113 may be formed on the dielectric material 110, followed by a further electrode material or
placeholder material 114, for instance in the form of silicon, silicon/germanium and the like. It should be
appreciated that the material 114 may also comprise additional materials, such as a cap layer, if required for the
further processing of the semiconductor device 100. Moreover, a protection liner 109, for instance comprised of
silicon nitride, may be formed on the semiconductor layer 102 and the gate electrode structure 115, thereby

25 providing superior integrity of the gate electrode structure 115 during the further processing. For instance, the
protection liner 109 may be exposed to an anisotropic etch ambient in a subsequent manufacturing stage in order

to form corresponding sidewall spacer elements for the gate electrode structure 115, thereby maintaining

integrity of the sidewalls thereof during the further processing.
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110 may be adjusted and may be concurrently "conserved" since the
dielectric material 110 may exhibit a significantly enhanced stability
during t hwof2orot3es1opr ocessing, as is al so previously expCaiusedo/okiigure |f
schematically illustrates the sem conductor device 100 during a further
deposition process 108 during which any appropriate netal - containing
el ectrode milthg érﬁ!:on&&lc%r Iaf@\bfcebl%O QLE %ﬁktgt%q P (f‘ulgel gglﬂ;;yebedfoﬁllleg%rthé: bé{mto? r\x}eﬂl 110.
For exanpl e, the netal - containing electro material 113 nay be provided in
t he f oresmudikhell iptoddd Wolnfjuds ih G@icMthhmaerfahl @kASSE RbosBRMAXS OBk BdcYmalerid0119M
wherei n, however, any other values may be sel ected, depending on the

over al Ipopibhciesentdtatiat eigyaddifitrel e posiidy o tprise eSiercids snmyplsepqenhippress on
t he basis of any well-established process recipe. Figure Ig schematically
i |1 ust rsequese mRebedsHereh inglting sopavicde! hilwaram apd fighriechpifuca dvy éd“orm the gate

nufac urin strated, ate ode struct
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set charact eristics stance, wt respect to a t tage, as
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may be formed on the dielectric material 110, followed by a further

el ect r ades dafek @icicatic 10dteripl 120 eliohed@ttrodtingeriadl 13 Lt 4 frafsdior tb hsoanra en thebasikef thoor m of

silicon, silicon/germaniumand the like. It should be appreciated that the

mat er i adte gledrogesyruaalrs bl Sconpri se additional materials, such as a cap |ayer,

b% required for the further processing of the sem conductor device 100.
reover, a protection Iiner 109, for i nst ance conprised of silicon

nitride, m%vlﬂa {"erencelf §0 ufelgl a %]b er 1ﬁ'usﬁaqltvg rernbo ents Wolgnan d scrlbgc? mt %hlch
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protection liner 109 may be exposed to an anisotropic etch anbient in a

subsequﬁﬂhﬂﬁ&@ﬁ&&ﬁhgﬁgﬁgm@kage in order to forn1correspond|ng si dewal |
spacer elenents for the gate el ectrode structure 115, thereby maintaining
integrity of the sidewalls thereof during the further processing. The

sem conductor device 100 as illustrated in Fugure g may be forned on the
basis of melﬁl@set?dwheglwéeilng@E@%Ssa ctf@&ﬁ?ﬁ‘il(tﬁ@}éfsew ARPIPIEdEcHE deviee @P§ which may rray
be deposited o electro t 113, |b| i,n_conbi natiqon with
addi t | GRAP EARPHHEQHT TS AR TRE: Frid » FHaraBRE B 2% (DGTER BaEedrilmg
process, %%Q%ﬁic%}'cm? y RS0 AF Tl e A@d@ . oRh, | Lganayl h'rsﬁ%gg%qﬁy and

et ch tegﬁnlques, I N or%er tO ormt ctro tructure
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on the basis
region 202B. For example, the first active region 202A may represent an N-doped well region in and above

20 which a P-channel transistor is to be formed during the further processing. Similarly, the active region 202B
may represent the active region of an N-channel transistor. It should be appreciated, however, that the following
sequence of processes may also be applied to the configuration in which the active region 202A may represent
an N-channel transistor while the active region 202B may represent a P-channel transistor. Furthermore, in the
manufacturing stage shown, a gate dielectric material 210 may be formed above the first and second active

25 regions 202A, 202B followed by a cap layer 220. In the embodiment shown, the dielectric material 210 may
comprise a dielectric base layer 211, such as a silicon dioxide-based material and the like, in combination with a
high-k dielectric material layer 212. It should be appreciated, however, that the dielectric material 210 may be
provided in the form of a single material layer or may comprise three or more sub-layers, if considered appropri-
ate. Similarly, the cap layer 220 may comprise any appropriate structure for providing a material 221, which

30 may include a diffusion species that is appropriately selected so as to adjust the threshold voltage for a transistor
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of thermally activated CVD techni ques and the |ike. Hence, the gate

el ectrode structure 115 may be provided with the gate dielectric materi al
110 in a woabioi3zad condition, while a threshol d vol t ageCrags2@e/0adpust ed on
the basis of the dielectric material 110 and the el ectrode material 113 for
a transistor to be fornmed on the basis of the gate el ectrode structure 115.
Wth r qg B ﬁ%@ i £d Elgogy{hg%tlg@re%l il 20f2Mr %J)}%;(anﬁpllel He EJp%ylervﬁO %‘H;)Q(g{ H?er{ﬂesmé%rlall now
be described in which transis characteristics, such as the threshol d

vol t agep mmy: he aady dehe ehppxyhlozrzz,tm,séralmahdezcbrﬂlglsai F@nsiuh int@icdhehe Glel Wkich
material for different types of transistors. Figure 2a schematically
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conprise a substrate 201, above which nay be fornmed a sem conductor |ayer
202. Wdepsndipsqudba typegt {rinsisigivkony thicehold 0 altagly e teerdiseedi et el mrepl lye | t he
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active region represent an region in and above which
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Simlarly, the active regi on 202B may represent the active region of an
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sequence of processes may al so be applied to the configuration in which the
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hﬁglon 202B may represent a P-channel transistor. Furthernore, in the
nufaé@ﬁ?phdm§?ﬁﬁémgﬁ%%ﬁﬂmgvﬂﬁﬁ%bﬂie@%@?%ﬁ%?“ﬁﬁterlal 210 may be fornmed

above the first and second active regions 202A, 202B followed by a cap

| ayer 220. In the enbodi ment shown, the dielectric material 210 may

conprise a dﬁ@L&&&ﬁ&ﬁmgﬂ§@3ﬂ@ﬁ@mm%%&hn%%%g2@&@?&§%%&@9@&95£§59@6Qﬁ%&%
material and the like, 1n conbination with a high-k dielectric nmaterial

| ayer Zdadessdst ABh@HnEg be isappheicated2C, ewawabpant fidlle dfhie adivelegictsrbza, nedper i al
210 may be provided in the formof a single material |ayer or may conprise
three omaynteretablished| @yer dpsis 6f cdhsiddehddnalpy ogmies at eomtBianed &ith ymplinkgoncap

| ayer 220 may conprise any approgrlate structure for providing a materi al
b1, W%Pﬁsqﬁﬂh?rw@rru% senigpndueigsion Z%ZFPe@We@ Thately LTaphndpt icdtergosdPact ed
so as t t the threshold volta. tran5|storto be fornmed in and
above t écaéi? ?/%CC?J@&FhS%byzﬁﬁ‘%seleﬁB‘fe 68585 T%Wt feﬁ“é“ql%%fbn FOR P08 3 C’}L ?}’p%%er i se
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conpri se itaniumnitri de an e, whic encl ose tHhe terlal
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al um num
device 100. Thereafter, the cap layer 220 may be deposited using well-established deposition techniques, as

20 previously discussed.

Figure 2b schematically illustrates the semiconductor device 200 when exposed to an etch ambient 230

for selectively removing the cap layer 220 from above the active region 202B on the basis of an etch mask 231,

such as a resist mask. The etch process 230 may be performed on the basis of similar etch techniques, as

25 previously described with reference to the etch sequence 106 in Figure 1d. Consequently, the material 221
including the desired diffusion species, such as aluminum, may be selectively formed above the active region

202A.

Figure 2¢ schematically illustrates the semiconductor device 200 with a further cap layer 225 formed

30 above the active regions 202A, 202B. The cap layer 225 may comprise any appropriate configuration for
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depending on the type of transistor whose threshold voltage is to be

adj usted on the basis of the material |ayer 221. In the enbodi nent shown,

t he | ayerwP2t1wmag3pepr esent an al um num | ayer with a thPCRNS3E10084164
approximately 0.5-1.5 nm while the |ayers 222, 223 may have a thickness of
1-3 nm for exanple. Furthernore, in one illustrative enbodi nent, the
active foghon Rdbh FoVes GPIRYe} %i %gsm%pﬂ [ ORikAbEL M RELEEEESIBEM &R lﬁQﬂéﬁJlsO,r

mat eri al 202D, for instance in formof a silicon/germaniumall oy, in
order t207.pFdadgleandiggt #30nk aradgaqiaich sgticd thatnay esblk tSapplopriaGaifaitied bon
Wi th a corresponding incorporation of the species in the layer 22 1, for an
appr oprtheahreshdli v@sEralf the adstsagte b ormed iPRngd himnnibd activearEin0 T4, . In Th exagelrisibonduct or
device 200 as illustrated in Figure 2a may be formed on the basis of the
f ol | owitkiglep¥ cée g8 sommpe EnthirgmmvRigh fie 1¢Pseina et apPreripe ctndidege Jgadjustingdhdasi ¢
dopant profile of t active regions 202A, 202B nmy be established on the
basi s 6&‘“\%@ F‘ﬁ%%et"éﬁﬁhﬁsﬁ]??él&fl FESRn 38? WHHREEp R Y CEHPH B Shat i on
process r...th M _C : 12 j y
Formod n ATk Sk DGR MAACHRI o) Bl BIERIR cp Ry RELL G
sel ect i¢8 i@Rl bexicAtd 1 @mewhds Leehinh ApeSoukin dGERd. nat i on with an appropriate
maski ng regine for covering the active region 202B during the deposition
process. Thereafter, the gate dielectric material may be forned in any
appropriate manner, as is also described above with reference to the device
100. Ther eaffigire, 2disphemetmpllylidipestes 2RGempgndiytor devpyo 0% ind furberndvangest mamdaciiind shed
ﬂfposition techni ques, as previously discussed. Figure 2b schematically

| ust rEEe s stErdedn RYFHRIRNT 2deldt B s ifrehol e paLe iy g HRPaR Bl ™Ribilent
2028 oS Re BAE B bt SR ER magk S e el AL BRA S e PR LR "
proces %ugr%Qm a1 Bﬁ)cegngfS %(g}&gtoqmﬁetté.@e (IH§1§SEO§ o%e &}rrg;pl)rﬁl{ng %691& ih 8€ %‘1 HE%25 as
previ ously described with reference to the etch sequence 106 in Figure Id.
Cons equaibioyto tilkedidi@ire maglial 224, CasdquaNg shhies desé ed 204, fsidi Sk QRhSPACHSS,
such as alum num may be selectively fornmed above the active region 202A
Fi gur e cBoicgibhéiffesiictal they diplbdtiesinttertab 81 H@ve 8wl acdndugidno?028e whikea 208 spwndite a
further cap layer 225 formed above the active regions 202A, 202B. The cap
Ayer PpEoypes edhepinn difusgiymay e ruprrat B Bolfa §iir dtthcosir e PR frdidmgoy the

di ffusi on speci [ I r 226, possibly in conmhination with one or nore
addi £ GRAF TEp 2y e B uPSin B e BRI iR PRy er s iy e REgdca
di US| QR SPOFhSR: B Tor SRR 1) ARRT AR AL ARSI £ Bitrent ypes

of transistors may be accomplished during the anneal process 205, wherein a certain degree of individual

adaptation of the diffusion behavior may be accomplished, for instance, by providing the layer 223, which may
20 thus result in a certain “diffusion resistance,” thereby allowing a desired adaptation for a given set of process
parameters of the process 205. It should be appreciated that, with respect to adapting the threshold voltage in
different device regions of the device 200, the same criteria may apply as previously explained. That is, if

desired, different anneal parameters may be locally applied in order to obtain different “flavors” of transistor

elements.
25
Figure 2e schematically illustrates the semiconductor device 200 when exposed to a sequence of etch
processes 206, during which the protection layer 203 and the cap layers 225 and 220 (Figure 2d) may be
removed, thereby exposing the gate dielectric material 210 which may have a different material composition
above the active regions 202A, 202B, as indicated by 210A, 210B, due to the incorporation of a different type of
30 diffusion species, as explained above. The etch sequence 206 may be performed on the basis of similar etch
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the threshold voltage of the transistor to be fornmed in and above the
active region 202B. In the exanple shown, the |ayer 226 may conpri se
| ant hanurwowhiocis2aray represent an appropri ate candi dat e PCorUSadp34iong t he
t hreshol d voltage of an N-channel transistor. The additional cap material
227 may conprise titaniumnitride, or any other appropriate material
CONMPOST L R o M ldbell EIRGES whiPrc AMNccRE BE ESSchRENNNANGTuL QL. LRI LG HAP
| ayer 225, it may be referred to the layers 221 and 121 previ ously
descri hed.sedubr@eir®, 26 gsi€ henatd aatlay 210l thdy Sk leddos shd@ays B KOG QF ad@ikce 200
in a further advanced manufacturing stage. As illustrated, a protection
| ayer 208merdt Gr enhagtnaticetagionpeieded of silicon or any other appropriate
material, may be forned above the cap | ayer 225. Furthernore, the device
200 may be exposed to el evated tenperatures during an anneal process 205 in
order to initiat he di ffusion of the correspondi ng species_in the cap
| %yer s 225 and" écthf’%at%a”f/ H@Stﬁfeé}hé EPPIoRIAL C&P“F‘*g 00 g%{g ¢ %%eél&goé it Sﬁ?{%ﬁﬂng
speci es; O : . : S t 1. . of £ €l i f. into
R e L e el T ok
cor r esREREhAGn P LIANYANEREs iRnhiansediiftdB il 1 BYa1diels SURD L ESSHevd e id1e | ayer
222 of the cap layer 220 forned above the active region 202A. On the ot her
hand, trkgons p@ai, e®@Bl r(withespeayethe 22dmdmayo7efifile icewntid yaydiphly us erevititsly ekpi@ned.
dielectric material 210 above the active region 202A. In this manner, the
t hr esholhel iy pilrogsy endadprystmmen be heprpothicfl prethebrsis phapergprigkelytselested protast raramalyrs bye
ﬁﬁconplished,duriq t he annealiprocess 205, wherein a certain degree of

di vi el Cadap st Tsh Bfradrgicypiihuicdiypan R PEls ey 268 6 BT SHEROF or
i nstance, ...by. providing the |ayer 223, which may thus result in a certain
"diffu§%%H§F%§¥§F£H@8%W”?ﬁ%%eby allowing a desired adaptation for a given
set of process paraneters of the process 205. It should be appreciated
that, with respect to adapting the threshold voltage in different device
regi ons of tH®redRWLICRaR2AI0); illishfesSBRNRmMEbAd @611 @viEEN0 apfizys @SosiBbEMbRSIY in
expl ained. That is, if desired, different anneal paraneters may be locally
appl i edvhich agretdesontaiping bit@iode whtdrilel & miby Bef thrangdatwve tbf activearegans L@A, ERBNEMt 5.
Figure 2e schematically illustrates the sem conductor device 200 when

EXposedha dechods epfirairicd3 Gry-de spnepitistaiye sgboignts.grdirpgly witmehhon e ep¢ dieledtd on
| ayer 203 . the cap | ayers 225 22 Fi.qur d /. be renoved,
R o B ORI I s R ST A AR
differ erj iiti.qn . ' agj 0

RV A PR G SN P AT R

be adjusted in a later manufacturing stage. With respect to appropriate materials and deposition techniques, it

may be referred to the semiconductor device 100.

20
Figure 2h schematically illustrates the semiconductor device 200 in a further advanced manufacturing
stage. As illustrated, a first gate electrode structure 235A may be formed on the active region 202A and may
comprise the gate dielectric material 210A, followed by the electrode material 213 and a further electrode
material 214, which may also include any cap materials and the like, as may be required for the further
25 processing of the device 200. Similarly, a second gate electrode structure 235B may be formed on the active

region 202B and may comprise the gate diclectric material 210B, followed by the electrode material 213 and the
further electrode material 214. The material 214 may comprise silicon material, a silicon/germanium material
and the like, as is required for the further processing of the device 200 and for the desired overall device

characteristics. It should be appreciated that, in some illustrative embodiments, the material 214 may be
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di ffusion species, as explained above. The etch sequence 206 may be
performed on the basis of simlar etchrecipes, as previously explained with
r ef er encewoaotons2apch sequence 106 of Figure |1d. Conseqmemiusgoiomdsies t he
etch sequence 206, the gate dielectric material 210 may be exposed and may
thus be prepared for a further treatnent for enhancing the stability
t her eof 1 5L OUN Gy SENETRLIGRR L Yo WabFhlAlES:t NE aemoggﬁgrg%eoras@ E¥siG6: 200
during a treatment 207 for stabilizing the characteristics of th
di el ecteohfpuk@neh addBovetiRQEiBbIe@dhs02606dH. | | zi ng the distribution and
concentration of the corresponding diffusion species that nmay provide
different dielectric materials 210A, 210B above the active regions 202A,
202B. Wth respect to the treatnent 207, simlar criteria my ap as
previously e¥p Fearque&rcmtﬁare Z0Qas %rsrfﬁdg@ﬁgtan%}rw be oyrreen e yastset rln% PI]SG?ISSat ed
on the basis of a teI selecte rocess paraneters jn order to

%j ust “fcﬁ%q“e? ?SrPéﬁVB’B%‘h PR IEIFERe &Y et%%“c %"rcﬂe‘éreglgé Jir”@t e P B 0A,
210B a r
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Fi gure 2g schemat!ca ustrates the sem conductor ‘devi ce

deDOSiRhQBﬂ&bQ&ﬂ%@m&&&ﬂﬂﬁx@@@ﬁhm@maﬁkahm&ﬁﬂ{&ﬁ&h&gmﬁﬁ@ﬁ%&@@@mﬁmﬁﬁﬂwdﬂm 213
may be fornmed above the active regions 202A, 202B. That is, the el ectrode

mat er i al3sA2D35Braith aisite Bi0@rdahde WSt rigt design @R OBdr reRdipt, fdb opllisticeed keyhidoaduomd on

the gate dielectric material 210, i.e., the correspondi ng portions of

di f f er elticeshraeac teegth gtei, ds FiRarg Ah, Hd O@izoni! tehignston rof dhsi aldchggie diafefialr H At myyobek

Lﬁnctron net al s be the case in _conventional approaches in which the
tuaI2?%?%@%6Ya)W%FF&@%@”H@V”H@“Q@F@%ﬂ@ﬁ“ﬁﬁ'amPﬁ?Q?mﬁﬁﬁﬁﬁﬁﬁpﬁﬁpﬁﬁS%Fage

Wth respect. t t i.al.s a gg Jues, it may be
referrgd ?mmFH“%n nlcon ﬁc %?g$§%ﬁgge 8me R%?%§ ‘Hm ‘J% et

illustrates the sem conductor device 200 in a further advanced
manuf acturing stage. As illustrated, a first gate el ectrode structure 235A
may be f or magburni kdi@naaeily VBstheg fitiod 0R#e ancidimyic aniict S8AL136B gahde detail.

dielectric material 210A, followed by the electrode material 213 and a

f ur t herAseleetadotiesarateerdda bl 23 hinovomprise @ik boe layre P Ude camipacapvitritéichal s

and the |like, as may be regglred for the further processing of the device

bp0. si qularrcwateaal§% Stercigacdass|lwer b ey s1ve altrthr@edz%@ywﬁv nglance.geqriedhcon t he

active region 202B and may co rrs ate dj tri ria

ol | oudtroy AT CT R WAy B s 35 R i G Sl BT rgo%r%tmﬁvé?@n a

214. The, B & a1, IGRIRLLSE S L G [ Ra Siddi

rat eri AR by R EOTRLLER)E bl SR L Sy S BB LR,

devi ce Muﬁlnﬁd\,o&fhigmﬁa}d%&h[ edconvakidh lwilaNd &Biconductor alloy 202D, in an appropriate
threshold voltage for a P-channel transistor. Furthermore, the dielectric layer 212 may further comprise an

20 appropriate species, such as nitrogen, oxygen and the like, which may have previously been incorporated to

provide superior stability of the material 212,

Similarly, the gate electrode structure 235B may comprise the high-k dielectric material 212 formed
above the base layer 211, wherein a diffusion species 221A, such as a lanthanum species and the like, may be
25 incorporated in order to obtain the desired threshold voltage. Similarly, the layer 212 may comprise the species

212D for enhancing the stability of the material 212.

It should be appreciated that, if desired, the species 226A and 221A may also be incorporated into the
base layer 211, thereby also modifying the characteristics thereof. For example, a silicon dioxide material may

30 be converted into a silicate, thereby increasing the dielectric constant of the base material 211. Consequently,
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characteristics. It should be appreciated that, in sonme illustrative
enbodi nents, the material 214 may berepl aced by a highly conductive netal

in a | at ewormarwf3aspuri ng stage, i.e., after conpleting PoE/USaB0M34168NSi St Or
configurations in and above the active regions 202A, 202B. The
sem conductor device 200 as illustrated in Figure 2h may be formed on the

basi s Qfe ST deRFibdHREES §eq£e%&h§}&x9dé§§ nRf dRh& Y ALSHidy FERE E‘[lin?% Wb LG ence

to the sem conductor device 100. That is, after formng

met al - centcakificasy Hbopiacfdtodipihes keaaditivé kde df%lh@ncfﬁﬁit@fal wilile 24 ReRYs Reidigprsi t ed
and may be subsequently patterned on the basis of sophisticated |ithography
and et dliffetepcéhniageratcsifor Mriderc! trasight andP-thenchainsisted doingedemsbr metuficegn? 35A,
235B with a size in accordance with the design rules. For exanple, for

sophi stsf@&ated sem conduct or devices, a gate length, i.e., in Figure 2h, the
hori zontal extension of the electrode material 213, may be approxi mately 50
nm and | ess, such as 40 run and |l ess. Thereafter, a protection |iner 209

nmay be for n%q @c%erﬁag gglglﬂﬁg%kgtha Qén%&) &L{Cﬁ gerlccS k(ﬁex@lﬁln%er(%&vaggg mgr@tfa% neg oi

el ectrode structires uring e furt pr ocessli ng
schematg.gal Asyﬂmstrétuﬁ;a Al @9si@orR8A inQ}nbeq{)rnfe@ 6n GabRisel 86 %&@Q@m@&ersg&&w BSA235A,
235B in nore detail. As illustrated, the gate el ectrode structure 235A may
conpr i SEmitailg dbas@d haysaror 250B1mayrbecioniail A titieGasinbft the pdweelbtirgdekstralingd @EBr | &s
material 212, wherein the base |layer 211 may have an enhanced stability,
for i ngraivesy; diduescd. gha masistore GPer2ath ony afpresenhi th-deganl wpsterexnd andN-thheel | ke,
ﬁglch may . be accaonpl i shed during?the precedi ng treatnment 207 (Figure 2f).
rtheﬂﬁ%ﬁ%“]?%%m Yol BELRIsSE R & AP B ?fQ“WEV“HHW%MﬁﬁEB?ﬁB$§F§ Fﬁ@%@ﬂh a

di f fusi on _speci S al u h conblnatlon
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a P'Ch%QﬁﬁhaH&%&&hﬁ%&ﬂeoﬁiﬁ&ﬁ@%ﬁﬂ%ﬁua&@&m@h?E&F&J&&mkﬁ%%ﬁﬂ%ﬁ%&ﬁaiisH%Jher
conpri se an appropriate species, such as nitrogen, oxygen and the Iike,

whi ch naychays ey bousdwilldeaen: FRCM-PaE atedird Q3 QViBl eFusitkpast, Ofict:$ tsﬁ&md ity
of the material 212. Simlarly, the gate el ectrode structure 235B may

conpr i gegidnh@s2hmghpeKordiednglnt draic amesperd @gionR 221 fndmpowithlyai O eatt hlectivdsrudtayser

211, wherein a diffusion species 22 | A, such as a | anthanum speci es and the
I3 ke, ma3ABH Wby potacays prProiayey e%mefbtharnﬁtel’e%l“d% CPreRisg %ﬁa@@ﬁ@ra&iww t age
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211, al sO no ar acteristics thereo Or exanpl e
sili COQ’SQ&,QK@BjﬁayrE@ﬁlﬁr[sb @-Ltraﬁﬁﬂducmg semiconductor material 254 embedded in the corresponding active

a

regions. For example, the transistor 250A may have formed therein the semiconductor alloy 254, for instance in
20 the form of a silicon/germanium alloy, in order to induce a compressive strain in a channel region 253, thereby
further enhancing overall performance of the transistor 250A. In other cases, a corresponding material, such as
a silicon/carbon alloy and the like, may be provided in the transistor 250B in order to enhance the performance

thereof.

25 The semiconductor device 200 as illustrated in Figure 2j may be formed on the basis of the following
process techniques. After patterning the gate electrode structures 235A, 235B, the material 254 may be formed,
if required, by well-established process techniques in which cavities may be formed in the active region 202A
and may be subsequently filled with the material 254 on the basis of selective epitaxial growth techniques.
Thereafter, the drain and source regions 251 may be formed by ion implantation by using the spacer structure

30 255 as an implantation mask. Thereafter, any anneal processes may be formed, wherein the enhanced stability
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be converted into a silicate, thereby increasing the dielectric constant of
the base material 211. Consequently,the above-described process sequence
provi des wohlgh3egree of flexibility in adjusting the ®oCcErské10sansi St Or
characteristics by appropriately nodifying a sensitive gate dielectric
material while nevertheless providing the different characteristics for
N-chan Q)@ he %&%ééc‘?fk%a%nﬁ@ﬂ OE ﬁb@ﬁ%bs&a%@eﬂ? bl%ge% $he ‘B}é%b&gf a%u&éam&terlsncs as
manuf act uring sequence. Figure 2  schematically illustrates
sem congidgtaarabeevi x&t, A0 mbtll @idddrtdies 2a0van e dorfied uh act vikik RY WSlﬂ-@é&@hsh&B
illustrated, a first transistor 250A may be forned on the basis of the gate
el ect r odeidgion tclniques. 2BGkalteShmminkednyley Jiclactrsertmd rhaydaskmtied WAEDBayeympbe & or med
on the basis of the gate electrode structure 235B. As previously discussed,
t he tr aHSP-§eering dEBoAC m?‘S‘@Bﬁ’WaﬁCé‘ﬁ peaErncept poccaoth ef the Fapgers £9A 248 n

ransi st or,, ransi st ars 250A, 250B nmy conpri se

o ai e UBPGE P EHIAS 2T M Ay SR OBH-aY &y B PIEAR At Ps ol
dopant @7 0f L) iy 26600490682 1e) psg% 28 ERDSIRL Bl GPALBRL LS 5,

For exa ant rain an source reglons

establu§§@@mgaﬂhaﬁm9@@h§mqm%§m§@@@@mmstructure 255 forned on sidewal | s of
the gate el ectrode structures 235A, 235B. Furthernore, netal suicide

regions 252 may be forned in the drain and source regi ons 251 and possibly
in the gate el ectrode structures 235A, 235B, while, in other cases, as
previ ously e%pﬁ lm'uhe@e predeel dralpeird pvided genveyduglongst ics endmeraficiratededbeifiuonin ch
Hﬁy be renmoved in a | ater manufacturing stage when the remainin portlon of

& Bl SEuop & il R CBRe R PRI leaﬁah&fttf%ﬂ%&e&rm s may be

Furt herem%lieg a‘él %}1 g ‘ge I ltulrelésa% oslesvc%mear;retglot(q cgl'\slen 10dal s gte 1€, "11?16 materlal ﬁar Cteristics
transi stors 250K 55 nprise a strain-1nductng sem conduct or

mat er i %ay %g’ lzlpr&m?@d G$Q sdb&q&eﬁﬁre%%@ﬁt %ﬁ%ﬁw& ﬂ?ecotaélél (ﬁ" nﬁtﬁ(ﬂh&ﬂﬁ anyF dtfer %él%ﬂipa & the
transi stor 250A may have formed therein the sem conductor al for

i NSt anaRatinBntttheebl @roti@f tha regihitel] CWpBrdY SRBTIRN Ltk & |fidiher prdtesding emuﬂn@ the AuGen a
conpressive strain in a channel region 253, thereby further enhancing

over al lof gerfolkyraseeesofito thaalictertan siptgtiab rthe2p@ s minalgt fwencopases ntcee Ber ln@spondi ng
material, such as a silicon/carbon alloy and the |ike, may be provided in
the t r akdied thsrebpghmcing the digleririq Guariiire d<eple Sﬂé%ﬂlf% Fhﬁ‘ﬁlﬁ & sethp @b FeatmpRglon

enlcondgf or deV|ce 200 %g illustrated in ure q$ﬁlq§ f rged on t he

basi s SFOTHEE {151 BRI HigHr BLeks lilaé?fﬁ i q&oér§SPO efe tt g *t RE Jate™

el ect I’ g&mgltlsﬁléﬁc tf(i‘ll rlgéanésﬁf c&’ﬁé‘ﬁm ni Q;a&ﬁ rthea &eZSﬁen@\%ﬁQ‘e tafbﬁlglg%?qie IhéIterlal

require establis proces tEChI’lI ques In cavities may be

formed chﬁac&elﬂﬁlc@&{tﬁe\/s@nsﬁlefgéaQ:rﬂle%Qt%é\materlal, the further processing may be performed by depositing a
single metal-containing electrode material, thereby further enhancing the overall process efficiency. In some

20 cases, the interdiffusion of material into the gate dielectric material in an early manufacturing stage may also be
applied to silicon dioxide-based materials, wherein a subsequent treatment, such as a nitridation, may thus

conserve previously adjusted material characteristics. Thereafter, a “conventional” electrode material, such as

polysilicon, amorphous silicon, silicon/germanium and the like, may be deposited.

25 The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations 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
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and may be subsequently filled with the material 254 on the basis of

sel ective epitaxial growh techniques. Thereafter, the drain and source
regi ons 280 20ey13b#9f ormed by ion inplantation by using Ph@/Usp@o®s41sd ruct ure
255 as an inplantation mask. Thereafter, any anneal processes nay be
formed, wherein the enhanced stabilityof the gate dielectric materials
210A, Zaitg&l H@%O(ﬁﬁl&lasetng‘rﬁll Sﬂéhl VariHofs &k U gnsgd@%d %tﬁl\ﬁltﬁ)éj §clo%( anj §ﬂ§1rt %Fl the invention.
characteristics, as discussed above. Next, the net sui ci de regi ons 252
may be Acedrmﬁgiy,mapmaloba@gma&nmé Aerfaﬁﬁialﬂieicﬁiﬂgdelsw.l i cidation techniques.
Thereafter, an interlayer dielectric material may be deposited which may
conprise a stress-inducing dielectric material for enhancing perfornmance of
one or both of the transistors 250A, 250B. In sone illustrative enbodi ments
(not shown), the interlayer dielectric material may be patterned so as to
expose the top surface of the gate el ectrode structures 235A, 235B in order
to renove the material 214 and fill in any desired netal, such as al um num
tungsten and the like. As a result, the present disclosure provides

sem conduct or devi ces and manufacturing techniques in which the diffusion
of threshold adjusting species into the dielectric material of transistor

el enents may be enabl ed at reduced tenperatures and doses conpared to
conventional strategies. The material characteristics may be "preserved" by
a subsequent treatnent, for instance on the basis of nitridation or any

ot her appropriate treatnent, thereby providing the required superior
stability during the further processing. During the diffusion of the cap

| ayer species into the dielectric material, the species may al so be
incorporated into a base layer, if desired, thereby enhancing the
dielectric characteristics thereof. Simlarly, during the subsequent
treatnent for stabilizing the sensitive gate dielectric material, a
correspondi ng treatnent of the base |ayer may be acconplished, for

i nstance, by incorporating nitrogen and the |ike. Hence, after stabilizing
the material characteristics of the sensitive gate dielectric material, the
further processing may be perforned by depositing a single netal-containing
el ectrode material, thereby further enhancing the overall process
efficiency. In sone cases, the interdiffusion of material into the gate
dielectric material in an early manufacturing stage may al so be applied to
silicon dioxide-based materials, wherein a subsequent treatnent, such as a
nitridation, nmay thus conserve previously adjusted materi al

characteristics. Thereafter, a "conventional" electrode material, such as
pol ysilicon, anorphous silicon, silicon/germaniumand the |ike, may be
deposited. The particul ar enbodi nents di scl osed above are illustrative
only, as the invention nay be nodified and
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practiced in different but equival ent manners apparent to those skilled in
the art having the benefit of the teachings herein. For exanple, the
process swopsigtitbort h above may be performed in a difPerarstolonsass
Furthernore, no limtations are intended to the details of construction or
design herein shown, other than as described in the clains below It is
therefore evident that the particul g ,gpodi ments di scl osed above nmay

beal tered or nodified and all such vartations are considered within the
scope awmgAsps CLAINED: he i nvention. Accordingly, the protection sought
herein is as set forth in the clainms bel ow CLAIMS WHAT IS CLAIMED: 1. A
met hod, conprising: formng a gate dielectric nmaterial (110) above a

sem conductor region of a sem conductor device, said gate dielectric
material (110) cohprthaisegresei gh-k dielectric material; forning a

tal -containin 121 ove sa d te di el ctrﬂc teri.al 10
a ot al cdPRTdERG e T A B PRy AR B O S e g
speC| es; perfor mg@tg dl%lem%atér{a]e(?ﬁw tp dgl Oa%ghclf%le%ctglz %%tgrla?’ portion of said

t hreshol d adj usti'ng species into’sai ectric material (110);

removi ng sai iRt heG0RhidhiAl AMichBE1) Abovl 344 Joath iR AP NRrif &l 1), GdkiCmetal-
dielectric material (110); performng a treatnent (107) to stabilize said

gate di el ectric mnattgfihghatdrbl(0)1) cdprishhgrghrashoie tdulstieapdcas;ni Nng el ect r ode
material (113) on said gate dielectric material (110); and form ng a gate
el ectrode stoetienipe e héag t@mepf(1 Q) tordffisd astogion ofsai ifeeshadidgisioR speaieginto said gate
tal -containing electrode material (113) and said gate dielectric nmateri al
10). 2. The net¥rsarisraetahflifda, wherein perfornlng a treatnent (107) to

stabilize remov atsagd r(rjlétaﬁl atlr{lrll Cmalztre?iglﬁ jl?&rong 5)0 e,) sal‘fi| elec rlc {érlaqlilq [ at I ng at
| east one Fogen and oxyg o sai d hi teria

( 110_) . 3. Tq)%rf(gﬁ ?QQGa%enp(h@ﬁ) ms‘gablhwgﬁﬁ gdté-'dlé?c%{ricg{afg}lﬁgllé t I’ eat rrent (107) to
stabilize said gate dielectric material (110) conprises incorporating at

| east one Oﬁmﬂm@&@g@ﬂ«ﬁﬁﬁmgmygﬁ&nmmhﬂ(&3bﬁ&®dkﬂy&ﬁaﬁwiﬁ&ﬁdom0§aﬂd gat e
dielectric material (110). 4. The nethod of claim11, further conprising
form ng a priomeetageta cleayds stdO8)1 1 v gasaiodonmtid twbie olivkid ingiaRgpntaining electrode

15 material (113) and said gate dielectric material (110).

2. The method of claim 1, wherein performing a treatment (107) to stabilize said gate dielectric
material (110) comprises incorporating at least one of nitrogen and oxygen into said high-k dielectric material
(110).
20
3. The method of claim 1, wherein performing a treatment (107) to stabilize said gate dielectric
material (110) comprises incorporating at least one of nitrogen and oxygen into a base layer (111) of said gate

dielectric material (110).

25 4. The method of claim 1, further comprising forming a protection layer (103) above said metal-
containing material (121) and performing said heat treatment (105) in the presence of said protection layer

(103).

5. The method of claim 1, wherein said metal-containing material (121) comprises one of

30 lanthanum and aluminum.
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material (121) and perform ng said heat treatnent (105) in the presence of
said protection layer (103). 5. The nethod of claim1l, wherein said
nmet al - corwaiznionig23mat eri al (121) conprises one of | ant hargmsaaoabuand num 6
The met hod of claim5, wherein said netal-containing material (121)
conprises | anthanum and said nmethod further conprises form ng an N channel
transistor on the basis of said gate el ectrode structure (115). 7. The
met hod of claimb5, wherein said netal-containing material (121) conprises
al um num and. sai drugicthedoff dbih BEeFhceRNALd B8 cdn@idHgNEht@ialR1 T asiEikes ldm@ASinS t Or
on the basis of said gate electrode structure (115). 8. A sem conductor
devi ce,an¢onpndti figthergorhiprisstioragiziaw B-chagd! omsEROGA)¢ bags 6fispig katgetcgo®lsegturcode
structure (235A) formed on said first active region (202A), said first gate
el ectrdé@)-structure conprising a dielectric base material (211) and a
nggh-k dielectric material (210) formed on said dielectric base materi al
(211), said high-k dielectric material (210) conprising a first threshold
adj usting al i j icd first.. X . : X ond
active regi on (2008 ca HLAR o P i dRa RE R PLE S BdihO T
sai d seg@ngh AGtdd@mEeGnpited RR2ER) a P-82hMd] SAGARGn BRE:IEI8HY LAt YBTHEE
conprising said dielectric base material (211) and said high-k dielectric
mat eri al15§.210) forned on said dielectric base nmaterial (211), said high-k
dielectric material (210) conprising a second threshold adjusting netal
species in said second gate el ectrode structure; and a netal - contai ni ng
§£ectrode material (213), said netal-containing electrode nmaterial (213)
ing fornmed on Saf@ATYHTIHIeI°BEE I nat erial (210) in said first and
second gateé&%&ctrode gﬁﬁﬂﬁtures. 9. The sem conductor device of claim38
oy

. . active region ) : . .
wher ei n sai i fstethres d adjusting species conprises

a first gate electrode structure (235A) formed on said first active region (202A), said first gate electrode
structure comprising a dielectric base material (211) and a high-k dielectric material (210)
formed on said dielectric base material (211), said high-k dielectric material (210) comprising

15 a first threshold adjusting metal species in said first gate electrode structure;

a second active region (202B);

a second gate electrode structure (235B) formed on said second active region (202B), said second gate
electrode structure comprising said dielectric base material (211) and said high-k dielectric
material (210) formed on said dielectric base material (211), said high-k dielectric material

20 (210) comprising a second threshold adjusting metal species in said second gate electrode
structure; and

a metal-containing electrode material (213), said metal-containing electrode material (213) being
formed on said high-k dielectric material (210) in said first and second gate electrode
structures.

25
9. The semiconductor device of claim 8, wherein said first threshold adjusting species comprises

aluminum and said second threshold adjusting species comprises lanthanum.
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al um num and said second threshol d adjusting species conprises

| ant hanum 10. The sem conductor device of claim8, wherein said first gate

el ectrodewetouxi3esie is formed on a threshol d adjusting semiusendosiios al |l oy.

11. The sem conductor device of claim8, wherein said netal-containing

el ectrode material (213) conprises titaniumand nitrogen. 12. The

sem conduct Q. d eviLg ?em(?JoncﬁlLtgll cftei&’ of mgk,elx/ﬂkre%ﬁéag ﬁfrsjt éa@etele@tﬂge sl qs f&ﬂﬁ:@on a

el ectrode structures further conprise a further electrode naterial forned

on sai dnebiahdiGomisahitdnogtehiegt rode material (213). 13. The semni conductor

device of claim 12, wherein said further electrode material conprises

silicon. 14. The sem conductor device of claim8, wherein said high-k

dielectric material (210) in said first and second gate el ectrode

structures flor ns Tpsinptoatuptacdsvigd Aflslegmd dvheren id BgHcalHipRrlsires mesde (X eri al
13) and wherejn said high-k dielectric material (210) conprises at |east

(
ohe of APPPHIEHEF0 Y%SFGen at said interface so as to stabilize said
i nterface.

12. The semiconductor device of claim 8, wherein said first and second gate electrode structures

further comprise a further electrode material formed on said metal-containing electrode material (213).

10 13. The semiconductor device of claim 12, wherein said further electrode material comprises

silicon.

14. The semiconductor device of claim 8, wherein said high-k dielectric material (210) in said
first and second gate electrode structures forms an interface with said metal-containing electrode material (213)
15 and wherein said high-k dielectric material (210) comprises at least one of nitrogen and oxygen at said interface

SO as to stabilize said interface.
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