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di sclosure relates to the fabrication of sophisticated integrated
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of advanced integrated ci rM&M@or age devices, ASICs
(application specific inte f e like, requires the
forgmati on of Fpla@eHRuURbEiTeh circuit elenents on a given chip area
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transi stors, erein, for many types of conplex circuitry, MOS
technology is currently one of the nbst prom sing approaches due to
the superior characteristics in view of operating speed and/ or power
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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 cawriers and, for a given extension of the channel region in the transistor width direction, on the distance

between the souwrce and drain regions, which is also referred to as channel length. Hence, in combination with

30 the capability of rapidly creating a condustive 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




voltage to the gate el ectrode, the conductivity of the channel region
substantially affects the performance of WO

2010/ 132319PCT/ US2010/ 034164 MOS transistors. Thus, as the speed of
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the so-called short channel behavior during transistor operation, The short channel behavior may lead to an

increased leakage current and to a very prononnced dependence of the threshold voltage on the channel length.
Aggressively scaled transistor devices with a relatively Iow supply voltage and thus reduced threshold voltage
may suffer from an cxponential 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 1o be




WO 2010/ 132319PCT/ US2010/ 034164 correspondi ngly decreased to provide
t he required high capacitance between the gate and the channel

regi on. For exanple, a channel |length of approxinmately 80 nm may
requi re a gaveodinslectric nade of silicon di oxide as t HO/US2010/034164
approximately 1.2 um Al though the usage of high speed transistor
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Additionally, transistor performance may be increased by providing an appropriate conductive material

25 for the gale 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 cwrents at an acceptable level. On the other hand, the non-



polysilicon material, such as titanand the |like, may be formed so as
to connect to the high-k dielectric material, thereby substantially
avoi di ng the presence of a depletion zone. Af ter
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25 dielectric material immediately after deposition, for instance in the form of nitridation and the like, in order to

enhance the firther processing of the sensitive pate diclectric materials, On the ofher hand, the tlweshold
voltage of the transistors may have to be specifically adjusted on the basis of a specific work function metai in
combination with the high-k dielectric material. In some conventional approaches, the threshold voliage
adjustment may be accomplished by incorporating a certain metal species info 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



dielectric layer. One efficient technique for incorporating the
desired netal species into the high-k dielectric material is the
provi sion of a cap layer including the desired diffusion species and
perform ng woheatzBreatnent to initiate the diffusion @Criuserivgidads
species into the high-k dielectric material. The incorporation of the
desired netal species for N-channel transistors and P-channel
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|ntended to identify key or critical elenents of the invention or to
delineate the scope of the invention. Its sole purpose is to present
some concept s Thepr@ensdisyphurdis decdlormiasmahopyaed dsdess the nizheoiipr @ lghetedicd. &
description that is 20di scussed | ater. Cenerally, the present
di scl 0sur@HTobUE e b BRRTRFTE Soifief *8B8fi conduct or devi ces in which
enhanced integrity and thus stability of a high-k dielechic materi al
may be achi eved on the basis of an appropriate treatnment, such as
ni tisi dat i wmvexy dattiamvandidhe | i ke, wherein, prior to the
stabilization of the material 25 characteristics, a desired _
t hreshol d adj Ut fplhg’ins p}é@iﬁéasshwééijﬁdb@mﬂ%é ﬂzfﬁ@?fa@%éil q“hlt BPIPYRE @ s rstanding
dielectric materi al t his._end mrm % %ms lectric, mterial .an
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the diffusion process may be acconplished, wherein, after

I ncor por atuiphy it thgreeh p@shoteebtsad p sisplifinglospacivesdd T ﬂteimenchiﬂtghd Rescription that is

dielectric material, the subsequent stabilization may provide
ggrlor {541y and thus stability of the resulting threshold

vol tage. Consequently, 30after incorporating the desired threshold

adjusting species into the high-k dielectric material, any

appropriate \Whe2@ e b3231ORC I Prr k0 BAdsGdd semiconductor devices in which enhanced

integrity and thus stability of a high-k dielectric material may be achieved on the basis of an appropriale
{reatment, such as nitridation, oxidation and the lke, wherein, prior to the stabilization of the material
25 characteristics, a desired threshold adjusting species may be incorporated inte the high-k dielectric material. To
this end, the high-k diclectric 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 t{hreshold 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



el ectrode material may be deposited on the high-k dielectric

material, which may be acconplished in an early manufacturing stage
or after conpleting the basic transistor configuration. One

i | lustratiweonewhadisdi scl osed herein conprises forn ng PETYBRE0/034164
dielectric material above a 5 sem conductor region of a

sem conductor device, wherein the gate dielectric material conprises
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of the threshold adjusting species into the gale dielectric material.
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t r eat mentsehinsicabickibz & 4 fgicgaten diviek, @ikt ahn@teatideatic mAddi tdrpriad h yigh-
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mat eri al . dickdei pilena  haymetoh@rtlisponpicsdompe i sad-cpgie fged! Fardesretivtte
ol cct rodc et ey FaR e Pl et SRR BPhled SARPG, «EGBEBp grer o
illustr atﬂcMQreHEﬁJnh@Q)eldﬁTﬁéa't@ﬂﬁdse h@bﬁi-{nﬂo&lﬂi@fehﬁl&&djfasﬁﬁgﬁp&@s @togidd Eate dielectric
dielectric material above a first active region and a second active
region. Autiitli Gihakktiod agdifianglly tcompibe lremoping BF AERlgoTaIE e ialj figm above ke gate
sel Scti vel¥ f onned agov the rust actjive re i%

. . ..The net ) N
g C B LS PP 4 BOBH HEEaT CesHEAN A g RAeE AP

addti ond
above the, S8GONG.AGL L&l §HrQ8k onFileUbD QAR Emadifle ABENAY, SONRK SEprises
performng a heat treatnent to initiate diffusion of a first species
from t he fhinfigh ghedatedc anttat of angnsivet o thic &bsisioNthd henl-gat@ing ¢leh e ptk and the
materi al above the first 20 active region and to initiate diffusion
of the se®BAESFerI®d from t he second netal -containing material into
the gate dielectric material above the second active region.

Addi tionally, the nmethod conprises renoving the first and second

metjgl - cont ai Nigg-aRahe##iA StandscRen haditbongisa firhaal fiRaicletu@ mitead holaz-efirst
the gate dielectric material. One illustrative sem conductor device
di scl osedkctrermionadenpridseiye geipi. rAsiitiepelly y Brsiresyi-eoniaiaipgimaerl i lectigelt Bmed 5
el ectrode structure formed on the first active region. The first gate
el ect r ode™™8 MY EELFE CHIBr ?I%eé]é‘ethﬁp%ﬂdlg‘fnég tCPl?llglsﬁg‘g@m%rgfeé?nﬁﬁ &Ei:ﬂnctf mﬁlgﬁl?a%ﬂ%lk
di el ectrig out.aldal ot QLaRE ARG diceheBbd LdnprilaSBolBl @ hbdlioatmbhas Bt
the high-k dielectric material conprises a first threshold adjusting
nmet al speciieisn éfA fitshpeclel gl thg@ttencel @oiirgdeesil it dak diclechifivgnaterial above the first
sem conduct or device further conprises a second active regi on and a
sedfnd gaive eier i dfaiig difision pierespideprisniie serbRd-cerirDe eyl ign e
moter i ol ARACHTE PG SR SRR RSN WM o RRSR
di el ectriga Q@e‘é@mé’fﬁ%@f&inﬂ;b mat%ﬁralﬁlip&fohﬁl@ aie@henkio eliialz€6¢ daic Qic@icatateadl. WO
2010/ 132319PCT/ US2010/ 034164

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 dielcctric
base material and a high-k dielectric material formed on the diclectric base material, wherein the high-k

diclectric material comprises a first (hreshold adjusling 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 diclectric base material and the

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



conprises a second threshold adjusting netal species in the second
gate el ectrode structure. Additionally, the sem conductor device
conprises a netal-containing electrode material that is forned on the
hi gh- k di elwotwioasmyaterial in the first and second gat eclusedin/odiecs
stnctures. 5BRI EF DESCRI PTI ON OF THE DRAW NGS The di scl osure
may be understood by reference to the follow ng description taken in
conj uncti c%ﬂpﬁ%stanccglnﬁlu@%@m@[lg LBa s&(zi@svﬂ.l A8 Socontl BatdMMc6dae bduli@e. F RIIBILAMNE B
nunerals identify like elenments, and in which: Figures la-lg

schenat i cahkandiclol disite @meriserossd-geshinorialod imews! Git infogeiprbnilgdt Geectiic
device daring various 10 manufacturing stages in formng a
sophi st i cHtEy et e et SUTISEHUTYUFE on the basis of a high-k
dielectric material and a netal electrode material, wherein a

t hreshol d adjusting species may be incorporated into the high-k

di elsect r i grIERDESGCEAPTION R THIODISAWDIASI zi ng the material characteristics
t hereof, according to illustrative enbodi nents; and 15Fi gures 2a-2j
schemat i cal | y T figlyeupeanas beyndggaod Brrfestrafo te felpgmp fesaivivn ik @dh@uprcd wit

devi ce during var.i ous. manufacturi.ng stages.in formn t e .el ectrode
, . . ¢ A ; hich;
struct ur ef e '18 ma’:}nP?% aévmgs, inrwénﬁ](l;ﬁkc tlcfcrug%c numega?s 1client%kic (c:lﬁmeinﬁ, eag(?i whi¢

sistor types, in reshol d
adj usting species may be incorporated prior to stabilizing the high-k
dielectric material, according to further illustrative enbodi nents.

20Whi | e t he subjuects-lpathtrericatly Holroseds-Reived Rcys!l g sgdepinddydeiot duipariions
modi fications and alternative forns, specific enbod'ngntsftgqfeﬁﬁ )

havé@ peedm§W%ﬁﬁm%§@ﬁH9ﬁHPm%ﬁéﬁﬁﬁﬁmwﬁﬁ?ﬁ@mﬁ?hﬁPﬁﬁ%mh B & hgid) fictectic
descr I be _dmfltf!;]iﬁlqgc{' a%el[al e c'gﬁpdt? m&%dl(,j\ﬂg%%lq %@f{oﬁitaangmg sm%@yﬁ e in(;onjgl%fe({ 1E't|§ the high-

description herein of specific enbodinments is not intended to limt

t he i nvent igBRctO mbthal Padt b Cdbizing 0B Nsatedil S@hrasadics o0 Acctrliey @0 Nhdtativy,
the intention is to cover all nodifications, equivalents, and

al t er nat i y@slifegsiaphg within the spirit and scope of the invention as
defined by the 25appended cl ai ns. DETAI LED DESCRI PTI ON

Various illustrative enbodi nents of the invention are described

beljgw. | n the hdhtes.es Echéﬂ‘fa[i&lll}afh-ls{reb{e crdectiBhal viEv@ At MEBToficid RevRE lukkad various
i npl enentation are described in this specification. It will of course
be appr echatfedmbhadeesi infod@thmicdbvefcopment obdiffeamyragiirtrh tyast iy ghich the threshold
enbodi ment, nunerous i nplenmentation-specific. decisions nyst e n?dg
to adjusting species may be mcorparated prior to stabilizing the high-k dielectric material, according to further

illustrative embodiments.

20 While the subject matter disclosed herein is susceptible Lo 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 ynderstood, however, that the description herein of specific embodiments is not infended to
limit the invention to the particnlar forms disclosed, but on the contrary, the intemtion 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 iflustrative 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, numercus implementation-specific decisions must be made to



WO 2010/ 132319PCT/ US2010/ 034164 achi eve the devel opers' specific

goal s, such as conpliance with systemrel ated and busi ness-rel ated
constraints, which will vary fromone inplenentation to another.

Mor eover, ivig whiéids2he appreci ated that such a devel opneptt/esfoord4msi ght
be conplex and tinme-consum ng, but woul d neverthel ess be a routine
undertaking for those of ordinary skill in the art having the benefit
of th! S q(':h%@é 19@(‘!{!{0%[}6}55 specific goals, JBEas Qifngﬁﬁaitwiﬁ!s'ﬁ]eﬁ@(tlat(ﬁaﬁdtb_@srine%‘rfllehcd REVRE,
described with reference to the attached figures. Various structnes,
syst ens ani: @i virg 8sn @r enpebenat b ealhby Mdepecit d b rptehigcddrapyhnglsvefopnent
pt u- poses of explanation only and so as to not obscure the .g‘grﬁes%nt X
di scl osurF@rvipeR beeraier srdtngeonarireyt FORhBRRTTS® broQens RIF ke Phheha"
art. Neverthel.ess, the . I AW are included to describe and
expl ai n imldnﬁr%fk‘rﬁgntlF@%hg‘fggt&%ﬁg%&g%&%ﬁi&eg%zsent 10 di scl osure. The words
ands phrases used herein should be understood and interpreted to have
a meani ng consistent with the understandi ng of those words and .
phrases by t h@wereski fubied niagpr tvilenop el siraribed Bl refergpre shbe plarhed Byt IVoiPof

a termor phrase, i. .a definjtion.that. i dif{erent {(r gigﬂe
A . o 2 - ; he dive - S e Ty and
ordi nary % Jr%ﬂ‘e?: bet %Sn%‘r?(ilehf:%ﬁzﬁfcplcgmagcsahyuﬁ %C?‘s]? toeo(gd%@%s *Hode s |Uﬁ)?méa I n°t he

art, is igntendgdokQrebte f}rEEEHt 1d88oshY weRREAS RN WeRg@wafio thhe skildinh @c art.
phrase herein. To the extent that a tel mor phrase is intended to
have a specitalessm@antiahe] diwies pre dncinid i dygrigtan@ expli ahystafivgtexatples of the present
ungerstoo_d by skilled artisans, such a speci al gefi_ni_t_i on will be .
expf ess| sdestre s dpg wWorisring REosesaeh @ at B MO qL P AT FP AL Ui inaye
that diregtly, and,Un8aihYacaklo R8st BaLRPEGkAL tHehd M fi Al $HQl
the termor phrase. The present di sclosure provi des

sem conduet@ibn ehevidees piadae i.& ecdmniitipu et i affwkik ohn Senginiy we cgainey meaning as
dielectric materials may be treated to receive an appropriate species
for adj ugederigoddy Spsiiliog Fabssitdy igpndgigo e aplist pverissie gee osYcH s Phraeherein-
t hreshol d._volta nd the.like Lor . to performng a tre t
Stabi 11 21 R HE L BTar e St Bt B RER3. s EREL TR b e
| ayer. AsnRke Ukl xRk ahdadpechin@ifoh RGI B @kl $¢ kb et @ @ichiolBrya
be advant ageously applied to sensitive high-k dielectric materials
whi ch nmaylefhaive! matehddincy homenivenilyi prgidesalteercris kefigitien ferchedani gtpbvigss: upon
exposure to certain environnental conditions or process conditions
that nmay be applied during the further processing of the

Sem COI’]dUCf[ or ﬁe%'!isgn?:dis&gsﬁxg rp%ﬂ& stergic:&nnl%j[op fabvied Mde‘gbhg&u&(:lnov%lﬁéﬂ haned Bate
25 the desi rezilr transi stor characteristics, for instance with respect
t 0 t hr eshigleday ahitragepaynay thed adjrusived aff@riad hecideposditsignoedil timsistor
sensitive dielectric material and prior to any stabilizing treatnent
i n2@r der chacleishemed » He tesiidsiomge prddie neriq feosfoPie f drropet Phieblaes Fed

speci es, such _as a netal i es. Conseguently, desi.red Gl
oy be. | BT DeRar Ty MR G h e PR bk iRt RAGEL B8,

process @ Q(d/hrﬁivébﬂs%f aplalic@ o se@ﬁiv@ NEL1DA8 B AfateBals ALY G]ﬁfl hFE @ @R&Boy for changing
tenperature and concentration, such that other device characteristics
may be | essrdtfetieds oo 80bdve t¢ feries frokamerti ersdifemn tr, orBes exgdigms thifanay be
subsequent preservation of the material characteristics 'b1¥ an :
applicd during the further processing of the semiconductor device. According to the principlCs 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 o 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, ie., 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




WO 2010/ 132319PCT/ US2010/ 034164 appropri ate nodification, such as
nitridation and the |like, the further processing may be continued by
providing a single electrode netal for both types of transistors,

t her eby i newv@aswmgstbhe overal |l process efficiency. |n BOWES2010/034164
illustrative enbodi nents, the adjustnment of transistor
characteristics on the basis of 5 incorporating a species into the
sensiti V%ppdillaﬁ?lteaﬁ;dfﬁba@omt:ﬂs bldah ki linebik, fERrRE @RkdihZ@dy O Rnkd&r v BlovilRy
al so be applied to sophisticated " conventlongl gate dielectric

mat er i al 8singarthiredemal for thriypeh b ianelecrdh igedl inyedseg hadverall prevess gfiddinmat i on
wi th appropriate gate el ectrode materials, such as polysilicon,
silicon/gerinaniumand the like. Consequently, unless specifically
set forth in {he,en m@t@!{h\%ﬁg&@d}%&c fhls %erhs%{ 91* Rar@bior BadRBsBPREMIOsis of
clainms, the dielectric gale materi al “shoul d not %e consi dered as
beifng r estdrpedinth shdicditig e kengdlivelieat¥ meteriibirier b @it SabitikMon thereof mdyialgae@pplicd
schematically illustrates the cross-sectional view of a sem conductor
devi ce 1®Um@ﬁﬁﬁ¥4?@ﬁﬁmﬁﬁ%§ﬁ§ﬁkéﬂ%mﬁﬁﬁs&ﬁb%émﬁmﬁ@ﬁ*ﬁﬁyd%§m¥%ﬂﬁﬁﬁﬁﬁmm
sem Condu%tl ap 11a>ée£te gi c%ode Inaigriz susbuc I J(t) eSlhcon 116011¥gc RIL.E %ec.lnhc B0YConse 1cnt1
approprlate ca r teria }n¥ thereabove {he ser conduc

| ayer 103111@9@6{5[&5@1)(@@ IR SR eﬂlb&ﬁrbéﬁﬁs aAs&rmeamslu bsit rmaty@eddiBl Rintsathe didddric gate
insulating material and the like. For exanple, a buried insulating

| ayer mayafpel faordrethe gmsidetd agpeiggiodican toibgh-k Jieleatriggtalidsi ne substrate

naf rial, followed by the sem conductor |ayer 102, thereby formng a
sificon-on-insulator (SOL) configuration. The sem conductor materi al
102 may repr esent 1, ¥ AR R A IS HREEH Ak icw SUCHiRRAA i @momp“smg a
mat eri al , pOSSIb|y in conbination with other conmponents, such as

ger mani umbstﬁaribimho‘ﬁmdwh hey Heifltmed 4 amodnderor har 0t Ahdsubshee e Siay @pkesent any
transi stor characteristics. In the manufacturing stage shown in

Fi gure Iéﬁm%W%?Cﬁéﬁﬁﬁﬁﬁl@Th@ﬁ@ﬂ?@ﬁPﬁﬁHﬁﬂE?@@“@dV@ﬂ“Tﬁ mpy PYRE aeEdliffay
represen n,_ac e region of rans n R u a
Cortann buBhe Rk S ERk G RaLE BP LR A B10 R huln bRy UGRUEE
chpey act eqisshtbiflly SydGiBneaSbstie mQ@AT Udibied it Yhel ypiContnRRF B8O 102l Mokt Brming a
respect, an active region is to be understood as a portion of the
sem condsiteopr-iaiper (SOH2conighikieh. ﬂﬁyﬁwémmm@@ﬂawﬁy i@t rrneated By i

appropriat e at i an structur sho and which r|s or
e ve SEBFbBEY Aes o gut: ST AR bHoP HLP L SRBFh BHa ST DRy

j uncti ong, taRGK L1 rderd MR SRVIE ed thllRioSEMEARAU G A m G hGEs saagef;hgmn Figure
conprise a gate dielectric material 110 formed on the sem conduct or

| ayer 102s, thk port®o abhd sbrhitigduciat liywel 02 i dedmen tegrescht heacGig ot bl ueGtsio :0d may
material 110 may conprise a hl?h k dielectric material 112, such as
hatthi um 8% Bede Aicptmrptinders el matsiadei g keh roxias usiritiesth Rdhe

dependi n %on ﬁ{éu\%‘ g/?cqyeﬁc%?‘ lIrla thﬁ gc%%g, C%che g%gYs il 115(%1 #ﬁ%dr a% g&ﬂ o P]f ﬂy\yggﬂco@ductm

di rect contact ECtI’IC materi a

sem condugd 062, WayeEay ﬂ;é)lztela@ydemazdmp &l GebRE ERAPP kR &btesho“fnpgnd oSt aRce
in view of thernal 30stability and the like, a dielectric base |ayer
111 may b@mp$9v$®@@@m@ﬂ%@ﬁmagmamwﬁWW%wwéw@m%emMEéﬁUmh@mﬁhgﬁ@k

25 Moreover, the semiconductor device 100 may comprise a gate diclectric 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 hafhium 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 Tayer 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




WO 20101132319PCT/ US2010/ 034164 di el ectric material 112 and the

sem conductor | ayer 102. For exanple, the material 111 may represent
a "conventional" silicon dioxide-based material having a desired
reduced thiygknges20b, for instance, approxinmately 1 rupcaoshol@BsiesOn
t he ot her hand, a conbined thickness and relative permttivity of the
gate dielectric material 110 may be selected so as to correspond to
the desi %ﬁfécﬁcn%ﬂéi%ﬁt19 andqpcagegﬁmm 4GS 02, PESSLALY, hDmGQAD1A ALY Qe b
a 5 certarn nodification of the characteristics of the dielectric
mat eri al “&iRntomrailiba@tiekiddmad hatetauniing dsdralg@uccAgiclre vi, buisdtaiceappbamhanéd,
the material characteristics of the dielectric naterial 110 may be
noder at ellympedipsafinghe oty bapdyg coapiad Wigkpgs PegpBE popyivims s prdifstipraieizb
char act o BF Gl b8 erBuraRy st SR kAR R R IBLEE L
whi£h an ;@ddidohieRad RdaRLALARR:s of OF dkBStanGaa 1LMR omarmahlfacaliied £ed.r A
constant, nmay al so be acconplished by incorporating an appropriate
speci es, psuchly agkhghibt mogeihrhaoeygient Badeltcie ragfed 110 may be mofgypehheritpisr

in the manufacturing stage sh ,.a cap layer 120 may he forped on.
he. af el dutT EhERET I 15 A ot PG sy 4 e FraRe Bputial
t hfat may CQ%CIE]‘EAQCQ Wcﬂﬂ'&ged iRt Quot Jﬂﬁlufdéh@inge&_tgg incwh%ﬁtn?zrdhiﬁénalja&f@taﬁdﬂ, i) iﬁL@dﬁce:[ 0
adj ust the characteristics thereof, for instance, with respect to a

t hr eshol chevediilagc@d castio, angiasd or actdnatished 1y ifragoritog reaphomniedpwoiss, sigk as
basis of the gate dielectric material 110. Additionally, the cap

| ayer 1201tA8) oaeePhd¥t-de superior integrity of the gate dielectric
material 110 dtuing the further processing. In one illustrative
enbodi ment, the cap layer 120 may conprise a first layer 121, which
may conprise @url@@lﬁd-)ré, ednd in‘fazﬁn&hﬁtiu@i@ sEREGHRS 1 cHUSH: BS nay BRloahed oh Matdiereyc
be incorporated into the dielectric material 110 in order to obtain

t he desi metriahblP kndfogn estiptys ayRebrapHaisseclss © ot b inpeparaisg éntodlj dissieptteirld i a
transistor still t e formed in_and above the sem.conductar,K 20 1. r
109 For Tengrdnt P G R edna se e AT R S b e A
t hes f or mufy, 8l MR HMhe bRD LALLM ARG AN BuddaK 0. Wi ITEY HERfE BRMay also
appropriate candi dates for adjusting the threshold voltage of a

P- channelprotinansiistioseiandtha ptd\tadhidnmnadriat e nging tho fiyther pepevs.i Meho/illusEgre
exanple, the layer 121 may be provided in the frau_ of a |anthanum

| ayer wi teRbodimen; aeppdersr 139 myegramisy 2 e e 4 g nyhiRABHeoRTSRE (RiEEA Hidsion species,
transistor,is t e formed on.th ' f 1k ' _ 14Ge; :
mat eri al ‘“ﬂ 6" Tﬁegrl ?‘ﬁl erT bre e m?gcél é’gonﬁgﬁ‘g‘%ten? mf%%? %%3[; (grgeq lg)reolobﬁlﬁth% él;gs“?do‘?mk

i NSt ance funktn hild @ QEIRDId 2tagdd bidjdsinfed Mr W AAnKdrsEI0 e bR tled i @nd hiiokethe sehib@iucrBy
efficiently provide superior integrity during the further processin

| t 2&houl drvbétiaFpreeaivhs tedayeat mpstreniisgs diffyier spERin tha yore efiymingie, tantalum an

addi tional |ayers, such as an additiaonal. titanium.nitride |ayer .
i rect |y TEd g EREH AR oR ey et BT S s
appropri qgc@anﬁ@&har!n@l%‘aﬁ%o@ hr@q )ecWeQ.C &aSdxehic, ﬂMy@r 121 may be provided in the form of a
2010/ 132319PCT/ US2010/ 0341164 he sem conductor device 100 as
i |1 ust r ati@tlankin lafdr gl ehibl@esprelgevhbal Ahgrme dhana Nhpnipbshsstont totbh @meg bt Byharg
processes. After form ng conesponding isolation structures (not _
shown) arbims gterdiskeres Tl d | Ho PRIHFMEHecEaYl 1Rt 162 PR PRYEL: oD ioR HPyEr™
t 0yad) ust - Bas] Gukd: AL [mGNAY BREGR Sk SperbDfie SRR S LR hrb&ssing. 1
na%%rialOT%Bmﬁﬁyxﬁg%?%fﬁ%g%a?o?gﬁﬁst%ﬁae, Bh the basi s of bbessing
sophi st i Gatede dpRASE! hdhe kOB QUESY coPPSS indiliynad Rye@OMH Bah h@Niowd tinium
oxi dati on

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

processing.
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5 processes and the |like. For exanple, the layer 111, if provided,
may be formed on the basis of thermal oxidation, wet chem cal
oxidation and the like, when a silicon dioxide material is to be
provi ded. Tweneafiters, the high-k dielectric material 1PZTr&go1es4164
deposited on the basis of well-established deposition techniques,
such as chem cal vapor deposition (CvD) and the |like. For instance,

i n sophi sti catiefePRRlceadhia Do adiMBuabl Ghridredh Bl tdiha ARE 6% ad thd TRl whEe
deposited with a thickness of 10-20 A, when, for instance, hafnium
oxi de mayridgescd. 0Alips Bdnimscopds@ndiegipiafondinghuse (et S@\‘Wtﬂéﬁllf@iwmﬂ@elr@al?@@é"riﬂto
the cap |ayer 120 may be fornmed on the basis of én wel l-ﬁ%tabél (19
deposi ti dff li’yé]c]i%@é“de tﬁ&%““abﬁs“f BPIR FPFE R e HYCRE TR He "BR% T

CVD and t 111%t4n1:%e on %la Iﬂlslisat{f syphlsltlchi@d ﬁ‘slpgsth% kePXigRd?, ﬁhs@a 19Q91¥11§r'1amnnﬁthl Rton
such as t ayer 121, may be deposited by CVI the like. Figure

| b Schenmatrdcesed layt hd livds thoat-@spld, e I:sramicoﬁduﬁdedxrmadavlfceleedlcaohel tpsigof thermat
further advanced nmanufacturing 15 stage in which the device 100 ma

be exposedidttignaref vk idaiop 8%l b “’é‘i’?b“l sBien dpide Perig iy prvidetr Rogatien
protecti Of hlo?‘}ﬁed le]l?c nafrlal Ebem %pdc ek nlq'l&,szS]S H~E§¥aﬁ¥sﬁeﬁhépgsg}ol1 QM]QEIE]U.G;'QL%}I
may be corrprﬁ se any appr pr| te materral, such as a silicon

materi al @nekoddievabd: Iﬁ@)osnmm@mrmy 119 @ikd, ePﬂB\h&dnc\i\ﬁ it Bophibigededpblicaiosn ay highka
| ater manufacturing stage wi thout unduly conpronising integ,tity of

t he gat e dhlekieattsrisbmaydt depsitpd Wi, thitkhess prloLR At Vhom fcrrat}f@iwe Jb@memvdﬂdédY be

|dedfor|n reasing. i ntegr oftheca expost
gpeof 54 PP 8iEEs Gl‘é&ﬁ 19 rrjﬁvx‘gt A lqc1de ¢ faf?éep m\é\@ {r?aimgf) A
dur' ng t heufisikd &EJ&UQI GRS §1'cinzg forfRRY 1t EXATRNER on fd §.80rERDRR hd lﬁlg @ikt s
a significant oxidation rate when exposed to the anbi ent atnosphere

at el evat@&@thsienpes-abwinieslayet, mcipds e faya &8 egay bt deposited bf @62 and ke lilmyer 103
may act as an efficient heat distribution |ayer, for instance in the
case of sophi sti cated anneal techniques that may be used during the
further pr 0CeS3. 19y SC{]e [P: qﬁ 1'1&?6?‘[11%‘&911(:01!&1&& B&HL %Obrﬁa er a%galn«%h thnutaaa;nga
plurality of wé’zflB esta process recipes are avall able and

be 13sed dukkd RGnitine: @aRAsH ﬁazly@ﬁl expbsOe S ﬁmﬂe@éleposfﬁ&a anfbl@ft 10416 bradd @Eprma pr otectlon

t hi ckness of the |ayer 103 may be selected in the range of 10-30 nm
whi | e ot Heser I@aw@@amwl 8PSt beteien last @misfoe eamsicdelracrrpyropiial weh o

Figure I c schematj ca strates the s opduct or devic 1
exposed to% 8%‘1}%{?181&“% g%ﬁ%? gg’tﬁ’ &y bc‘fd?”imﬁgf "3% ag% ngg’fncf)ﬁuoebétcr me%CJﬁu a%whgn
which a dggif %Qau? S doHsh 00 1RReC e Le didblil Aled 19 Bfinsen i+a ﬁbﬁ:tayhﬁ
cap layer 120 into the dielectric material 110. During the anneal
process 10&jded heinagtfiechicury prioces syer WD @@ﬂ.@#pﬁa%@%@@ﬁﬁhlﬂ@%&l@@%ﬁ@

tenperature and the duration nmay thus be appropriately selected
obt8i n a WEKPFEHTEEHEE Mg bedHTET recHEn fF GEreh SpREEY © hibifs & SLFIH pant

threshol d %qlon Ta cl\)\ﬁl.lgl e§[9>?e%'toq§c %rn Iat@lo{pﬁb?c agéag/ tgrﬁsxﬁlJe&ttuQ@tII?Slhe?‘ste% ]rﬁq)ioiectlon
V\,her ein, however, as previ ous y explal ne e | ess pronounced
“stabili tyyer 0fs rﬁatzactdls @k eGitibr GeatVBik1BHuii@| laykd Qor BYcPIOME B SUPEHi@Fed anneal
process conditions during the process 105. Consequently, with
t enper at urdsiausf b ppy bxisratdleyheTOOE Pangesiyi of e fovicg 05 lghquiddp alppeciaed that a
gler fegts IeSnIglgB l?fvg)] %B%‘!F%EEd‘a?\fﬁgTecir}’%ﬁg%ﬂ?%ﬁ qc an? ﬁm abréqlsctd%ur eghg'gy I’ ion p%cesselotl
congi der ag} gﬂancesytﬁlbkué@@f tﬁeq{yelqgﬁﬁ@buesele&t@lm tb@ﬁﬂé%f l@-b(ﬂrm RHiRAR Gk Ray also
like, at a desired depth within the gate dielectric material 110.
Hence, a igpégicedccd@hAdappherelk. may be conprised in the layer 121 or in
the layer 122, as previously explained, may diffuse into the
dielectric material 110 with a desired concentration. In sone
illustrative %gdfcn&%trﬁ al‘i}hﬁlu%tgscﬁé Sscr%g(;dtm dQ/ﬁe Cl@l')']tv&'r’hgl leﬁ)gse@ ug Qlewfb@rt
a certain ano 10 o %e species may also diffuse into the base
| ayer 11liemgefan@OMShdta kel gpaEsaps, tahewhior dadiustkingpidreis ameredb kiffuse from

30 the cap layer 120 into the dielectric material 110. During the anncal process 103, the effective process
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15 processes and the like. In sone illustrative enbodi nents, the
anneal process 105 may be perfoined on the basis of a | aser-based
systemin which radiation may be supplied to the device 100 in a

| ocal | y resgbved pmpner, thereby providing the possi bi [Hdiyrsedio/034164
adjusting the threshold voltage of transistors in a locally different
manner. For exanple, in sone device regions, a higher threshold

vol t age n@r){ eptﬁlcd ($ 'lhlé %Blll%n Vl‘lﬁ!/ Qihs H@)(ppgﬁlaf%ﬁ%ﬁmh IS E‘lﬁﬁln pﬁes%%%ﬁ&@eﬁ %k Yhe
adj usting the ective exposure tine and tenperature during the
process LﬂﬁﬁmM@mﬁﬂ erpte tifilsld 2QusriespHclbs witkingheaBicries pandi gy vdivein gewapdr, as
the diffusion of the species 121A into the dielectric material 110.
Cons eque ntgwpusiigpififiged distessorqnanpese sotbip” ¢fihg Aelrcdtcaristighbl) "REP e STPRIHP p
locally differently, adjusti.ng.t r h
of the sty B Bl R e AR B bR RS RL bR
wel Is- est adphdcsh@rdhsibass e hased vanneakat&ysd %ﬁ&ldﬁ&ymb&s u&@dd kolhs to appropriately
conbi nation with correspondi ng position infoimation in order to
approprla@eﬁyﬂadﬁugvmémﬁ€a¢W%@N%ﬁﬁ@é@§*ﬁvk1W6meh§¥@ﬂ@§md@ﬁﬁﬁf?h@mﬁﬁe
scan notion of .t ondln ystem an

o1 ovi ous| FRRFETHEG bt gt Re: Tndanear s The LA TR S St BB
llayer 103, i fue RiAVi26led preMBY1y SRSME, @Bl hy f dididBc GaRrdl aM}e‘KﬂthleZ@ss@ﬂd
may, if requireg enhance performance of the anneal process 105, for

i nstance MméﬂhMMQSp@@mnm@mabsmbﬁmumgsmadmaﬁﬂﬁﬁmeﬂep@wumﬂ&wﬂﬂyteapm¢ﬁweﬁ
120 may exhibit increased reflectivity and the |ike. ?D g 1
2018/ 13234 gPCIcigsPe1DP dheno te base laypqId ], dlecopsifiorsd: pRarpRE () lsting the overa

i11ustrat tglaracgeus%cs o%me & QEEQ}é?% tgnal H%VA %ﬁ)pg’%%ldcégs ﬁuain!s’lglg Bletﬁ{: &Eﬂ:\!l%[b%ﬁws may be
manuf acturi ng stage. I'ustrate devi ce be exposed to
one or D&y &&ﬁ]tme&ea P 1IR6E8SSrink® in wilidk iegriwhh ek ot‘ h&s:@ﬂ Qbade tuyar obtaiyedr
103 and the cap layer 120 (Figure Ic) may be renoved. For exanpl e, !
the etch Sebudsredc BOBRIMEY Toomprl psEesaily "B P%’Bi“éf‘ @1 téf’c‘%fﬁg o€ F1E ARPEPTAP 25t

oo 9. L 2eB S LU A, AN ACE A, D8 Ly S

( TMAH) anﬁi{)&@é ald ilc8ike. INsoRE BRFrathOenlbEIRVE, 18 'dnzleﬂ gﬁceﬁﬁbfﬁﬂy&k pe&&hﬁﬁhltﬂé Bhsi
to the cap layer. In other cases, any ot her appropriate etch recipe
nmay be us€d,lsdependitng moﬂnctl hegtiaticatrew bakpgiehpdsi devien 0®n ﬁlbﬁellmrsoh@ﬂwn

| ayer 103 shown in Figure Ic. Thereafter, the ca IayerI ﬁﬁﬂé ure
le) may b rovdes sl aeins g brgshpll Yolingr o S‘SQ‘S\ﬁe‘i OB A ™8 E N
reci pe usj 980 anol &e%car Jné”éhg% {ﬂ}céELH (J(ﬁiage%P Mﬁ deé’%@ﬁ]&@m&%é be accom hshed
efficiently renove mat erla S su as titaniumnitride and ¥

in 10 corbbpahik@nadisind tt bBecdt Bpoisi Gne dnayeeperds2ddufils opUE@es U))S,,whwj]mhsethus
stopping at the dielectric material 110, as, for instance,

pl Woal i t yreoft 1h|ﬂqhmfkpoelfil@| Ber PL hereitEyianat! Shengmgeioe i Hidpinto té%ﬁ%@??&@dﬂﬂé@t*éh“"
stop Capa? LiiL Sglgﬂ' a msp e? 1t1 sm?ms m m')ug)gilzulnetd cfocqiﬁtdcfglc?tg g]ps% 3 T}e amount

Consequen‘ﬁ?mwﬁ Ustrattve fYent S [ectric
material 140, {T@¥cﬂ9§tz(ﬁxcﬁﬁ§ =TafiNe E'Jebl&glﬂﬁh% @d @ﬂccﬁ%q&lﬁlﬁeﬂdoﬁmaﬂﬂ plRYe, tBiS
be prepared for the further treatnment to provide superior stability
of the ga@emdmeh@t@&ﬂ@mﬁﬁ&ﬁwmamwlﬂmmd¢mnm@m@wh@mb@nagpwemwamedﬁrhavnm
the dielectric material 110 may contain 15 therein a cert |n anour

of the sp@eFESPIPIATYHESERPH RETHHE OB Y 4h ﬁ%“a‘r““ 6"8%@‘%,“0]1 CRTIrE “g

! 6)25 . aemyi%%‘r&i an{[ ﬂ? illgl RI Hcsu& J.'y &B%h Qiftrin Q%@%o@& 155”]1%&6&1& lﬁy@l@ 03, if
| ayer 112 , her “enbodi nent’s, the species 121A nay al so
extend i n{;r&ndeh]@nabaﬂilﬁe lnﬁgiﬁjf ofiikkap FegLE0 endl reny Sich@rat, brdalcd yerformhys tfrigtaesal
t he sem conductor device 100 during a further treatnment 107 that 20
may be peprrsitdonisiabieviasies tofbsaltng ralpropTyat & B Bresd reehii gres
for increa qg Hﬂ% Etabl|lty of the gate dielectric material 110 in
vi ew of fﬁ They ° 6 tenperature processes, exposure to other process
conditions and the like, as previously explained. In particular, the
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30consi dered appropriate, wherein plasnma-based oxidation recipes nmay
be used, thereby avoiding undue elevated WO

2010/ 132319PCT/ US2010/ 034164 tenaperattues, which may ot herw se
result in ayergndhseant di ffusion of the species 121A atTaroicistical
phase of the treatnent 107. In sonme illustrative enbodi nents, the
process paraneters of the treatnent 107 nay be sel ected such that a
desired speci Bigure ﬁH‘c\iEm%ﬂ@ b LQEERs sellBhaRlSRviRE 0b RGN RALALRE hALRkihe
base | ayer 111, if provided, thereby al so enhancing the _ B
char act erfagt ire Blutiied, @ofigvict O manBtcamed o o drhmorespde brotegred 16 dru@g M’hl‘?ll thy
dielectric constant, 5 diffusion_ bl ocking behavior and the lik ¢
Consequeﬁ@ﬁ?mnbﬂ¥ﬂﬁqméﬁ%w?P@%ﬂﬁBﬁﬁmﬁBWma émﬁﬁﬂrBﬁfﬁ??§f?ﬁ§h8ﬁm?ﬁéo
layer 110 be .39 GRPEUELERL] Mer BORS BEMEAN iR hGS
the diel ectr “MUﬁma bm%fgﬂw W%Qgﬁéyﬁgul a %?gn? %gént 'y én aﬁéed
stapilit )émﬁiblﬁd]ﬂ'lgdrbm AR IHNE fetr PRLAIGESSIoRGn hllSxidS(TRIATPanf fhe ikeOblGHeY to remove
explained. Figure If schematically illustrates the sem conduct or

devi ce 1@@ﬂdumkﬁ@ﬁ#dﬁﬁWﬁm@?Vﬁéﬁ%s@%@@h“ﬁﬁd@é§§ﬂamﬁmﬁﬁ8mﬂGWWﬁ@%WWH§W
any appr o, |ate t al -contalnl el ectr 1

provi ded ® m?ﬁ@“gET%m%V@w@ ‘?P@ﬁﬁh“E?Fa %¥6Kmfnﬂﬁg§énp}mwg%1é%cm;%mr
met al - co rﬁ@@@lu@ﬂ:} %L}e&tﬂngd(% Bh@hdeadn 11k bisRY wh 8Le Pl \ickIRElHd wBind Hemhetim
of titaniumnitride with a thickness of approximately 1-10 nm

wher ei n, ph@%@uﬁmmeany®oﬂh@nmwaﬁhegwn@wW®@m€e$@@heﬂhmmﬂﬂﬂﬂmﬁ<mgﬂ@dk%

overaII process strate The deposition rocess Qﬁ] X %forged
nl®he bagriy Vﬁ‘ﬁ)}he o lagen 1 ﬁ%ﬁl%r‘%lé SPrppd| ‘]als Reicpig? macris? Ay

1 g scheq%pdgcg% Yaridy bt @Mc@aﬁe@fﬁc m&q@ Ry &Bﬁlﬁbﬂ%&ﬁ ctG8¥h 9@6@%95 Wifl 1 @pect to a
farther advanced acturing stage. lustrated, a gate
e|ectrOd@mﬁh@ﬂﬁ&ﬁE&m&lEmﬁﬂwmﬂemk&ﬁﬂﬁﬂhﬁ&ﬁﬂﬁb&dm&sﬂe@memﬂdmﬁmﬁmmlH?aﬂy

102 and nmay conprise the gate dielectric material 110 with a superior
stabilit yve em@ewum ﬂazms%i @@tﬁﬁcaﬁ%law R gt RraEdd e (iR treafigpt 1q RiYda ppaior

W th resp { ?f é]as ﬁaie elecTsx g mElTC] ;a}/HL tlg%mild btaes ree)c(i te(?fﬁaét% S8R b n\c{ren tenFaPIrlB pﬂ%{;: {{?

t he netaﬁ“% rode onned

di gk ect r i iBtehidhouldkBhe gp%els mqwueb(yth@putcbtﬁﬂgtﬁﬁéﬂ @b&%ﬁﬁﬂd@mﬂlﬁ &lod A mpRL
pl acehol der material 114, for instance in the formof silicon,

S|I|con/@amﬁanmumr@mubdmedﬁﬁkeﬂnﬂmﬂahd@%dmben@bpmémmamé@mqwawsﬂh@m%’
material 114 may al so conprise additional materials, such as a cap
layer, i fisp &0l Fede Pei™eHalf urt her processing of the seni conduct or
devi ce 100 Mor eover, a protection liner 109, for instance conprised
of silicon nitride, may be forned on the sem conductor |ayer 102 and
t he gate el ectiede: stcmuenyeinbikis e Raieictor A5icp It @viuthigRgingpestinon 107 that
integrity of the gate electrode structure 115 during the further
préCessi ey bForfompserafciesis efifey m’lﬁﬁléﬁtpi%?ﬁs Fihpiges PoYeEle BesBlined 88 '

an anlsotr |c et 2 |n a, uent nmanuf act uri nc tggﬁ-hﬂad
order to dfe Ig%ﬁl;lcl édam Hlaw ﬂ{:} fuurt 1 dl rrlpcrd wﬂe sgcresscésl céc osuz tto o?mez B ce}%‘s ions an

el ectr OthesiI}{é ue E)]'e'\ru%si} %}Eblam@dﬁeﬁl%gﬁcuﬁmﬁﬂt[ﬂk@é ng nlnptnﬁgft |ufox)éas@1f S’{?Ibﬂl@f 1o ﬂle: gate
sidewal | s thereof during the further processing.

dielectric material 110 with respect to inferdiffusion of other species, thereby stabilizing and thus substantially

maintaining the distribution of the species 121A within the dicleetric material 110, which may thus resull in a

25 reduced degree of variability of the finally obtained threshold voltage. In some illusirative embodiments, the

treatment 107 may include a nitridation process, possibly in combination with an oxidation step, in order to

incorporale niltogen, 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 plasnia-based

treatments in a nitrogen-containing atmosphere and the like.  Similarly, an oxidation may be appiied if

30 considercd appropriate, wherein plasma-based oxidation recipes may be used, thereby avoiding undue elevated
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WO 20101132319PCT11JS2010/ 034164 The sem conductor device 100
as illustrated in Figure g may be fornmed on the basis of

wel | -establ i shed process techniques in which the material 114 may be
deposi ted @ idig1:edectrode material 1 13, possibly in porvosnadizons
with additional cap materials and the |ike. Thereafter, a conpl ex
patterning process sequence may be perforned, including sophisticated
l'i thogr ape%elﬂ't@g V@Liﬁit}lﬂ} 81%h@:!uqésl£§tslm1§; w;@&@ﬁﬂhlsl&%fﬁh@ Eﬂbéﬁ;hﬁ[\gla{tnq{lléﬂ phase of the
el ectrode Structure 115, fol deposition of the materia
109, whi chuneaylohen aeednpling hﬁﬁbdﬂﬂnﬁ, hle p1b®$;|p$i agfierstofi e paalnleyt 18iChiy\batelded
CVD techni ques and the |ike. Hence, the gate el ectrode structure 115
may be pIS‘@WhﬂTe’dd‘?W‘i wsftl%éu@dﬁ alrpem Pt £159) e THEPEHIIIe g Ot v Ky ABiorided
fﬁgd:j;[ IEFglglte?yl ’lI(I:SO Igruélfncm% tlil 01_9[_11 f:l‘lsa'[er]Sd’[lIth g?or Flglgq[c% gr éﬁgdﬁgf&e)?l?a‘%ﬂ&n%ragifc(gx?tfsclglﬁtagf
trapsi st Qitrudi plkir 88mRE m@mctibe Cb[@@]hf&lti}@ﬁtu s gament 61708 chaderiSsottd e
115. 10 Wth reference to Figures 2a-2j, further illustrative
enbodi meAtosma b ladimewatsemates crrickesellyi “ponsohved Hinge thihdifleptrig paterial 110 may exhibit a
characterjstics shodvolta adj usted prior
to stabi FFY] Cﬁ‘ﬁlyﬁnhgné?ﬁ‘ﬁ‘”faﬁi”/émﬂ% %‘{Fﬁ P&t %Fslag‘fﬁl‘f‘muyyofx Iﬁ ?1egent types of
transi stors. 15Figure 2a schenatlcally illustrates a cross-sectional
vi ew of a sem conductor device 200 which nay conprise a substrate
201, above whFighe tayhebeicdip ilmdicathcenicodmibudivor 100alyee aZ@Rer dfibtifipn process
respect to the substrate 201 and the sem conductor |ayer 202, the

sa crlﬂ@?@&mhﬁydhﬁ%H@ﬁ%%M%F@§F83§W§‘&%ﬁ@%?ﬁ@ﬁlﬁpﬁﬁwlﬁﬂﬁwgﬁ @ Poethe
devi ce 1%}01(;011101 83 X\%P)’ Pgrlxi i»f%ltf’?‘ct 'ﬂco%{*umﬁé Hécﬁ’odg%&aﬂﬁ){m%ﬁﬁ%fo%& 11?1hg i*oxr;rtgt
active region 502 roma second active region or exanple, the
first acthiMenneghi@NwidQ2ANNRY of BPHASAM |-aNu\-Uape dowded:) any e@ér@rluds Mag bed
above 20 which a P-channel transistor is to be fornmed during the
finitber Sfmcmbé@sﬁdhgon 13} avirlbrdogss stphgy- Akt derpalim@grenl 0o ppe ﬁﬁ?m?ﬁgﬁfr‘é%@ﬁ%

t he activg q{}ﬁ“ ,an N- channel transistor. It should be

appr eci at’&’ ™ o"\?\é FOPERAt T he fol | owi ng sequence of processes may

al $0 be applied to the configuration in which the active regi on 202A
may represent an N-channel transistor while the active region 202B
may repr esent FiamPrechiannedlly fllugmsd 84 sepiconffugrot dygiratié @,a firthertafenced manufacturing

manuf act ur i n% stage shown, a gate dielectric nateri al 2101 ?y bed
formed aBgsfe fﬁé‘sﬁ#‘fﬂr e JRgrod ST Lt e pisd aegdiespacongysin lavsig gnd may

foll owed by @ &3 A LAYEL: 18 1ol DS, UPAGIRAL v NG N8 MLLIRGES b

mat eri al conprise a die ectr ase ayer such as a
silicon chs@xtdenbased MMatasiy aia@nd etphted dbke, Fmﬂienﬁ(@éﬂﬂkmﬂliihﬁﬂﬂazmgtehc@dc
hi gh-k dielectric material |ayer 212. It shoul d be appreci at ed,
hodver , ntifegd itmwydiweflo@@@ Iﬂ'il e,he rfetceiti¢ @Ptelzlé)ionﬁ’yo“tﬁé % rﬂof\?lfhaeﬂecirwe EHE 6 m

of asmlg (géaterla rrqé ree or %g $4D-1 ay8h $
. farr I (=) should be
i f consi g FeBACHPBF Bt et msm‘é‘ﬁen{l r ceOn é ]alco Igelmammmzaﬁl TRy conmpri se
any appr QHJG%&?\&}@ bk WGEr lqél tn%ralsg 6&%1]@'3%10@1 Hﬁ&ﬁlﬁ |s.1@:i:l asZ’LZ:ap la))élhlf Qﬂun%@ﬁﬁtyc
i nclude a diffusion species that is appropriat el y selected so as to
adj ust t Memhtrogsingbtihasohitagetofdoriced 0t Maregies k rptectiviiner 109, for instance comprised of
2010/ 132319PCT/ US2010/ 0341164
siticon nitride, may be formed on the semiconductor Iayer 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 coresponding sidewall spacer elements for the gate clectrode structure 115, thereby maintaining

integrity of the sidewalls thercof during the further processing.
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to be formed in and above the active region 202A. For exanple, the
cap layer 220 may conprise the material 221 and a first and a second
cap layer 222, 223, for instance conprised of titaniumnitride and
the liKke, prg ofPY¥eencl ose the material layer 221. Forpcexgpmbessidshe
| ayer 221 may be conprised of |anthanum or al um num depending on the
type of transistor whose threshold voltage is to be adjusted on the
basis of the %t ee{n%cc?'ﬂdu ’[orydevu,e§ (F as ;llublrated % Lunq?qi(g%ptﬁ)n% o\ﬁnhc aﬂ? 0% QAL
221 may represent an al um num ayer wt h & ess of approxinmately
0.5-1.5 n@uiM biectsN@mli@yeih Snidi2 Z;e i MRYimdaw Gep@sitinCld 668 odd fmatkriad 1087
for exanple. Furthernore, in one illustrative enbodi nent, the active
regi on 2Q2Aiblyay copbingipi widh gitiap prropidisls @ldyheélé‘t cRbpreders eprPelo TRt by process

material 2021), for jnstance in t i.con/ ger g
al | oy, i ieBrdelts PEPey ¥ i %fafé*fﬁvﬂé‘aj ’blgfﬁiﬂgl@i 5‘% §¥ e Ay {e?’sf%ﬂ“ g & n
co n@' nat i R0 o\% Sttl'thlgB lqg) E‘Jll@@é&%ﬂfﬂé &gosftlm fhpﬁﬁté}fai 196) w@it:h Jasl?%e ﬁ%ﬁihaﬁ@l oh the Bc@l@
10l ayer 221, for an appropriate threshold voltage for a P-channel
tranSIStOﬂmmmﬁw1de&hEﬂ$EﬂMﬁ®ﬂdﬂdb®h:d@mnd@gﬂﬁaﬂaghﬁ$kh@ﬁﬁhmﬁﬁeWﬁW@d
Figtue 2a may be forned on the basis of the fol rocesses. =
After f or‘Yﬁhr‘Rj spipdicliesio e ab 1O erarsiitasy erdirachile ht«l}’e%l&lgl ‘gta% SParBPEOT 8
of the aGhlvg il S9LR08. @AMy ot 0% BediB PPl APL ANRH 130 chid oSS Pl
wel | -esta 7 hed™ Elng regimes in coﬁblnatlon with inmplantation 15
processegﬁw&aﬁﬂ@amkﬁkdwthe sem conductor alloy 202D nmay be
selectively fornmed on the active region 202A, which may be
acd@nplished by using selective epi t axi al gromﬂh techni ques in

conbi nati on wif hzggajﬁéjp 2'[% ].Il‘{l%lSkl lgs%a‘fgfvggmlg‘(r)slmer% \z]uﬁ%\é%rbl ggm‘}bcde thh

active reglon‘§3 eposi t1on pro erearter,

gate di el LN Gl BhGLL alch M ol Qb mhybe a@ém@ﬁﬁf@aﬁsﬂaﬁl@a i&ﬁﬂﬂ@d’mlecﬁxﬁ
is al so descri bed above with reference to the device 100. Thereafter,
t he cap |msyeinl 2 2@emmypdef deposi t ed usi ng wel | - est abl i shed deposition
t echni ques, as 20previously discussed. Figure 2b schematically
illustrates the sem conductor device 200 when exposed to an etch
anfisent 230 T g 26l SahlaehYind FIRYIAG 4G CAR dr a¥EheokRlnldRILADANE dipe
actlve regi on 597 e ‘basis of an etch k 231, such as a resist
mask. Theof:Gha RFeKeDs, Bdwiynbe: pekd Zwemm@ﬁl hhe2ohawitsespdot ts inmriubsnte
etch techni ques, as 25 previously described with reference to the

et ch sequidhed tEEGjopfuEprdtyerd@02, the sa@p Friwig menaply o mqﬁ@uswﬁf@*fﬁ%\rfﬁhzﬁen“ to the
!52|C leg,?: C e(}e{:/\peﬁ 8(?I repioldgogeg ngé&%‘nﬁ%slhg‘gﬁ%@g& rlp'i gsi:p(%rsﬁtlélc ét cm’e regxon ZrayAnaxom a s¥c0nc?'lc’s1vc
Figure Zefeﬁ(g:%fﬁat fof Bdube, bk IsSLLRLS SN bHR 56 rﬂapféﬁsﬁdﬂ BLddped deviegen 2 QQ apbvkh
a further cap | ayer 225 fornmed 30above the active regions 202A, 202B.
Th&ocap Iﬂwﬁmlﬂﬁ&mﬂawmeampmb@@namyma@pc6phmap@%w@nbm@mWa@wéﬁcﬁemnﬂm@
2010/ 132319PCT/ US2010/ 034164

may represent the active region of an N-channel transistor. Tt 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 iransistor while the active region 202B may represent a P-channel transistor, Furthermore, in 1he
manufacturing stage shown, a gate dielectric material 210 may be formed above the first and second active
25 regions 2024, 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 dielcctric material layer 212, It should be appreciated, however, that the diclectric 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. Similatly, the cap layer 220 may comprise any appropriate structure for providing a material 221, which

30 may include a diffusion species iliat is appropriately selected so as to adjust the threshold voltage for a transistor
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providing a diffusion species in a |layer 226, possibly in conbination
with one or nore additional cap nmaterials 227. For exanple, the |ayer
226 may include a diffusion species that may enabl e an appropriate
adj ust ment pH 14108364y eshol d vol tage of the transistor torhgdi00sred in
and above the active region 202B. In the exanple shown, the |ayer 226
may conprlse Ianthanun1 mhlch may represent an appropriate candi date
for ad US['[ !)e.nfglmccp Jie} and a}a L %g 021 ere Yo%llbﬂg eFo efxan%)ﬂ: Wgﬁﬂ%‘?ﬁzo%{q?ﬁﬁdpﬁ&%e -mdt-ls_lt.'ﬁ
addi tional cap nat erral 22 conprise titaniumnitride, or any

ot her apgnpaﬁmahemaa&amﬁabr@@mmpshtﬁﬂﬁmek&hm@ﬁspﬁﬁmmmmmamyimngGQSh
techniques for formng the cap layer 225, it may be referred to the

| ayers 22ty aw@selﬂzelmaﬁrlé@ﬂim @3l Jordersele; thrdleher 21 Bt bs CORPrisse PlaFRRETE K flvmnum
i1 lustrates bfﬁshgfn;g% % rgr%gtglov{;hlod VI ot?d 9 gc {s I?o bc ag LES[GE on tt;u aagsv (% qﬁ éréltcuafl lﬂ.?"el

manuf act UFPAY ron 1 ayer

i nsgance BpMY ks edpQfmedd hb & Ehquyclafw %h@lﬁcs&pﬁﬁ QPfinal RydTBiifrd Rlcknedyay
be formed above the cap | ayer 225. Furtheinore, the device 200 may be
exposed tappredirmycat @6t .5 empehidt tir éscrd @22 A an dnvneahidpesoebds @HHor grample.
order to initiate the diffusion of the corrﬁégondln EECIeS in the,
cap | ayer®mismecaigdno st grpHEe LT FHE HAT &FY STHY 6P ppopiately scleche

Conse que n‘i%:llll},( dl?f SRS faleﬁ)?.lgff t]ﬁkﬁnrje ay &k f(%% Qf 2 §i%£}‘ge§§aniluﬁ %J}aﬁ!%‘{lel Wowdc a
efficient d@i'ffuse into the dielectric material 210 above the active
regi on 20Q¢ajmmmgbaﬁatmﬂnaﬂapmmdmmgmaﬁumxamammﬂegmhammmamﬁmmamh&usﬂ@n
may be suppressed in the |layer 222 of the cap |ayer 220 forned above
t hdCact i Virer28yifas rp poomet Esshelzelarefe p Pap. t2psKE™ speci es in the | ayer
221 may efficiently diffuse into the dielectric material 210 above
the active region 202A. In this manner, the threshold voltage

adj ust ment  f orrpQichfc@aRnt ddYdR6 asQfiustaked Si®ic0f Haym YorB& 0866 6131 bi tE BB wing
during the anneal process 205, wherein a certain degree of individual
adaptatiqmms&shﬁblﬁﬁ@@@smowmbswgwt@ﬁcnﬁyw%ﬁwm@@ﬁﬁbbﬁ§W@ﬁemﬁ@ﬁﬂ”AwﬂRB

i nst ance, provi ding the |ayer 2 20 t hus resul n_a
wmmn"WWﬁWW%W%&%%@W“ﬁ&@ﬁ%%&% O E e § i boplallads
adapt at i o, fOF 80k Me e SHicoRbucl RGLHSD RAY BBLRT @ﬁnwﬁmpa QRESTn 205,
It shoul gﬂgg gppfeé%atgg la)UN ﬁi%ﬁﬁregﬁéct to %habflng tﬁg thréshold
vol t age iwhidlink§ B2 dotnpide | bpemg &g:btﬁﬁ spitadial trhveh demigee in20hinatidnevits anappropriate
criteria may apply as previously explained. That is, if desired,

di f f er entefiteoaginpér afrmné rﬂ§‘ Wﬁfy I%QBIQB%F‘PW &b HIPPEn PROSY dBETets GEtearn
dlfferent "flavors! st or

Cehorm 1 R ALy bp KERTRL B G SR TR o € acvriog Lo et 10 e

to a sequgn&eef Tlﬁﬁiﬁ‘l@r, RE %3@&@30 206he dibkiled GinahielC BiablRR:d REOLEE teki@Rues, 1s
| ayer 203 and the cap |layers 225 and 220 (Figure 2d) may be renoved,

t hébeby exposihnigashé gate dielectric material 210 which may have a
different material conposition above the active regions 202A, 202B,
as indicated by 210A, 210B, due to the incorporation of a different
type of 30diff l L, 90 %1%51@%11&51%@3 ﬁé(qgllni@&n@ﬁgn &%bi@c%@ WI;EH@(}&E(QB andifl HEHne230
206 may be per med on the basis of simlar Mb
2010/1323&&B€Iﬁmﬁaﬂﬂagmaéﬁﬁﬁﬂmmcmpeswea&mmeegmmuBByn@M@haﬁmadhwmﬁﬁ3l
reference to the etch sequence 106 of FI%UFE | d. Cbnsequentl%, after
i

the etch sg@qaén@@fwle Thesish gratees 247 apeletreiangdgn diej bayis o piilingish frehniaues, as

gﬁ%gﬁg?ngon%kus cscbl I\ng?tg e? el e%o &g ett:lp srcquence l1|66 11t| %{ﬂmg ﬁ(?att:matcntf Othe material 221

including the desired diffusion species, such as aluminum, may be selectively formed above the active region

202A.

Figure 2¢ schematically ilfustrates 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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5Fi gure 2f schematically illustrates the sem conductor device 200
during a treatnment 207 for stabilizing the characteristics of the
dielectric layer 210, thereby also stabilizing the distribution and
concent r at iw@no@fskiie correspondi ng di ffusion species thet/usmy/ps1ei de
different dielectric materials 210A, 2108 above the active regions
202A, 202B. Wth respect to the treatnent 207, simlar criteria my
apply as Brievl ke %&Q; Al ﬁh?«g 226] RSl i8 conBinkoR GRNonAB AR 2d XYY S nfiRYaIDE
i ncorporated on the basis of appropriately sel ected process

par anet epy. For ed@hpleghcder: 2oOmadjdigt  difigiot fpparallit noh amble tnapiratijte gljugfert ple
gate dielectric materials 210A, 21013 and al so provi 8 u;geri or

st abili tf}m alﬁalsliohldoltagfé)f g P sty IOFW, @tuépgéri aﬁ%a'bove the activ rﬁﬁt@&& 23%. %bt e example shown,
SChe”m I ﬁ%l]elt % dzk |ml,(1§t (813’)'5&&51211&\1}3'1 mﬁ%@cﬁ: %F Heglreégﬁt ﬂ%}ﬁh&:ﬁa@@eﬁdﬁ% foP Giiting the
deposi ti on process 2 I'n Ich a nmetal -containing el ectrode materi al
213 may besloaromg: @ov ehatrBigraatibi. ge [éginaRg @@2A227202 Sampiiaditaniins pitri@id or
the electrode material 213 may, in sone illustrative enbodi nents, be
di rect | y sfyotedoronate meergbroapaiiat G iseectiptnsprogss opaues forgforming g cap layer
correspongdi n ortions.of diffe t characteristics 210A, 210B,

Wi t hout ?gsqlﬁ’%?yﬁjﬁrgCEH?df?%‘?@ﬁltsg]v\ﬁ‘?iﬁ? tnct %%Scﬁ%td'al s, as may be the case
i n conventional approaches in which the actual threshold voltages may
be adjusted in a |later manufacturing stage. Wth respect to _
appropri at e néiteridatsmairdy depos thd soncandethincged8) njp furg pdvivsed ehigicigpp
to the sem conductor device 100. 20 L igyre 2b schemnt i_.%a}rlnlm}(ial

i 1 HUst r afes- AHESEER TGRS “Helt BEFEemT {4 Y T h ey “QavaREEd
manuf act H@ &Qmﬁlécﬁag&e hEp halydr Ut ERIEre, nelabvic boodRY B &pRGLS QY RodStulpbialty €
235A may be formed on fhe active region 202A and nmay conprise the

gat e di eli@tf ki Gnchmptoessd Ab in2HQA; infiiat hodiBdiohy tfchercabeitt: rode mbd e kats 2253
and a further electrode material 214, which may al so_include any ca
mat er i al gndelaplinforfee diqldeiaic maferiahdly). HEsTEGE: ¢ SRfCifsa e et 2 fglps Iphanutn, ma
processing .of t device,.20Q. S mlarly, 0 .ect :
structur 8‘%2‘@?}3 dlrr}r[egsf Be" eodrlergreétﬁc Sﬁ!c?z}]wé?%%b%é‘fcvtgc ?Cglgﬁ % mg%%% ‘g%lg%rr%?/g&ndmg
coppri se p;ol&ﬁncg(ataﬁhagtinel‘li%bﬁ @y PPdushckad in2k0Ber 200t @[ 1y 2themed ectd e
material 213 and the further electrode material 214. The naterial 214
may Conpritseregon 20&o nOmtht @i mhd, the sisFigsiicbnleget any effiviort Efisainodiydictepiae

like, as is required for the further processing of the device 200 and

for the dBEIY Y ePetveravr t@ i cRAPSRTEr iﬁgﬁft’ Ié‘)% VPlfagcs%Sﬁrf'ﬁt tlﬁlegffmm ypes

appr eci at egd, that . @ SQFBish Sk RLEMS SIROTRALS: o LAG, TBIE T} Alividdkd

my be SRS 1o AR SR B kB epl aced by a highly

conduct i v@piamh af thd dirfusiod @tibr g nuicaahplsh¢dniyr ist-agehy ptoeiding &4 koer 223, which may

conpleting the basic transistor configurations in and above the

actl ve r &gt sng Oz FETERN e FPERIHUIREG TR ARE iy dpyen set of process

Ip:, ngts ; atps?rgméteg o'f:%hg ;)Jrgcecss%B]S. qp‘%oulp efagjq‘er&?tgd tgar{l, v&iin ?esﬁ%é% a%apm;g t§d chs!haﬁ voltage in
different device tegions of the device 200, the same criferia may apply as previously explained. That is, if

desired, different anneal parameters may be focally applied in order fo obiain different “{lavors™ of transistor

elements.
25
Figure 2¢ 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 2dy may be
removed, thereby exposing the gate diclectric material 210 which may have a different material composition
above the active regions 202A, 202B, as indicated by 2104, 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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5 techni ques as previously described with reference to the

sem conductor device 100. That is, after foimng the netal -containing
el ectrode material 213, the material 214 may be deposited and may be
subsequent o paviesined on the basis of sophisticated | PEHBEROHIFLAN
etch techniques in order to obtain the gate el ectrode structures
235A, 23513 with a size in accordance with the design rules. For
exanpl e, 1&ipks, 5 RS bpRIadVIE eiRrGand e ol se@erd mest Figregat onbgugtyylier the
i.e., in Figure 2h, the horizontal extension of the el ectrode

mat eri al P querra Yot te &%Wm impigriab PP 159 be enosethild mass s bsprcprrl o401 g
and |l ess. Thereafter . % abect#on liner 209 may be forned so as to
nalntalnlﬁﬁ¥36?eg§m8¥“§f EWalre" of the gate el ectrode structures

235A, 235B during the further processing. Figure 2i
schematically illustrates a portion of the gate el ectrode structures
235A, 235B i nFigtmarEsc@lemaaéally ilhAgatds fthe sstigoatned devttch é()Ogmne ﬂétﬂé@tl#%ﬂ@l Stabifiziﬂ&

structure 235A may rise the base | ayer atlon

t he hi ghfe f%‘”&te‘&ﬂ“"ér’% iqleetripyjayes ¢ {O0giherdy 51s0 Wﬂi@%ﬂéﬁ tPF @[] 9 “‘6’5&% °r’f§§)“8’f‘“°?fﬁ the

may have c&@s )‘Sﬂﬂ gﬁﬁgon%ﬁe@lpé TH’L ErMy plt)VQ({e cﬁfﬂ%&t%@é@fm} gﬂﬁla{s Ql()tthgl()B wbovc the active
|ncorporat|6 a nitrogen species and the ke, which may be

acconpl i shapsk zdut i2000p. twie: sppece dicngarbéne &l it aﬁ}:?h (ki @iy es @dvjonsty explained.
Furthernmore, the dielectric material 212 may have incorgorated ,

t herein 5h?disfnmwseinernﬂoswp 8%, be uppraied onbRTG FAPR DB SARICEMCRE YT FRETIFY |
![ R}{? orrbi n 81%61 t ?151\‘3 1‘m—:l‘1f113'1rl Chﬂ]B Icrﬁ&cs) r(;g tﬁc % dlt:ﬁ(,lll r){a‘(emgi:BUA 21013aaqd %QRJE(%BE Lﬂ%(t;l!gl

eshol Yransi st or rt’her nor e
d|eIectr@gMMQM@ﬂﬁQQ@mag%mgg@ther conpri se an 20appropri ate species,
such as nitrogen, oxygen and the like, which may have previously been
incorporated to provide superior stability of the material 212.

Simlarly, the gate electrode structure 235B. conprise. the
dielectric naﬁ@??%meTfmf%ﬂﬂ@ﬁw%ﬁ%vgm?ﬁgmbgggnﬁéygwgfmemWﬁémgﬁhggln

di ffusio QJhl%lpi?&éiig §onag111€‘clcc§&ﬁ t%at@r‘:“ll #3 lrr@)nl;eh%&d’hgovv? 915 chtl%sreﬁlﬂ@()hb QOZ!B' l‘Tﬁat 18,
may be 25incorporated in order to obtain the desired threshold
voli age. uBicRitodd hferialtZhe mhya yesom Lidsthmy cg@npeits g dilhely Spedai @shc2zate dRBetfior

enhancing the stability of the material 212. It shoul d be
appr eci atariad Hate- ¢¢wﬂ@&ﬁ@%ﬁm“@%é“@&@@ﬂ@?w?%eﬁZgﬁdﬂﬁ%fﬂmﬁﬁﬁpﬁF%%ﬁ?ﬁﬁ

I ncor por at S%Ini%tp 1t1 Oﬁft&p aes;bagﬁ__lbe cas\é1enrconv 73] 1bna dp%l‘() eh ym w&u ghothm Ai hyclsl'lggl VB]B 2s may

char act eI}VIOS reo exanp I con dioxlide material nay

30be co n‘ﬁ@ﬁdﬁu@tﬂ‘l AR, ﬁanﬁfaéhhﬁ@gte%e Whl@fe@ay tol AfFEpRASHAG At IR delotor GkiniqGes, it
constant of the base material 211. Consequently,
may be referred to the semiconductor device 100,

20
Figire 2h schematicafly illustrates the semiconductor device 200 in a further advanced manufacturing
stage. As illustrated, a first gate elecirode 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 clectrode
material 214, which may ajso include any cap materials and the like, as may be reguired for the funther
25 processing of the device 200, Similarly, a second gate electrode structure 235B may be formed on the active

region 2028 and may comprise the gate dielectric 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 1equired for the firther 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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WO 2010/ 132319PCT/ US2010/ 034164 t he above-descri bed process seguence
provi des a high degree of flexibility in adjusting the overall

transi stor characteristics by appropriately nodifying a sensitive
gate di el e¥XQ030/Ka1&ri al whil e neverthel ess providi ng PREUVSRMTEMEH
characteristics for N-channel transistors and P-channel transistors
during a common manufacturing sequence. 5 Figtu-e 2]

schenat i eakdey by § highhtepainaise hdtrd ingdetir gomduiete staateiri clisr @0Pletlng thy bisigriptyistor
advanced manuf acturjng stage. As i%ggé&rated, a first transistor 250A
may be f&PABEIGHE T HEOHRLF TR el ectrode structure 235A.
Simlarly, a second transistor 250B nmay be forned on the basis of the
gate el ectrode structure 235B. As previously discussed, the

transi stors 25QAmiEhDBorIaNe p@pRs Esendd ialFifrech anie forbddan ik Bbioof satid paness
N-channel 10 transistor, respectivel y. The transistors 250A, 250B
may’® conpiigisnd pairerioafrdlestiet (Bl rEgios st paPlisny)0- aiplit pier Sfrene the
verti cal d_l.ateral dopant il.e. j r.dar i S|

{ransi ot BEecRu g SRRk oL AL Ll 1y AR AR R D kRSP P
drai n andn 80Uk 8 fofi@kiaRrs iBSlphByd bith eahigkt hshedo oRait e ¢HagdcBodektuatures
spacer structure 255 fornmed on sidewalls of the gate el ectrode

st ruct ur éA2Z5A Wil 85iB; in Resprtidnes Wibrtee, designt albs. Foi ¢xeride for eqghignded 25picqigigiope

Lo ot ndbEiBae1S, SRS ORI PR AT BESSLRLY ol DB, 98
preyl ous lEl[M)l‘O%%&Ql'C@'S(plﬁldﬂn_d fehesuPBk 8 dndnd 244 THERM frel, @ ek RE 11hRr 28 PhafBti@hubdd as
whi ch may be renoved in a |l ater manufacturing stage when the

remai Ni NEp pditdn 10¢kiQ b sidavenllnthe pitadlecRAstnigurds @3 5B 23 e phiartedinbiyr peocdisigh| y
conductive nmetal. Furthernore, in sone illustrative enbodi nents, one
or both of the transistors 250A, 250B nmay conprise a strain-inducing
sem conduct or ,.opt.er i , i , i ive .
regi ons. For Ié%gen%%c?da?ﬁ%ﬁhrgg%gg ?t g)FJ Og%et A@%@Bﬁg@g&%ﬁ%ﬁ%%ﬁﬁgf (rllet?lhe
sem condugtiedimal, 1hoyte2Bdodd sOictird 294 ARG RoritiseARk bak Miger b Orimodhindion with the high-
silicon/germaniumalloy, in order to induce a conpressive strain in a
chihnel Kkdigleoir 253l 2% ehedyythd bppet liyer 2| & halkied mgnieveet dbilityplar pdniradie & BF

the transi stor. 250A. I n ot her cases,.a correspgndin teria )
e G | PRSI DR By eny 1 R 1o B e B S

tr a_nsi st %Ol&égBFLiréﬂcng&g e dfel@ch_%@ﬂ@ﬂzﬁ Quth? ]1@@&1(?0%1@@(“@@@& Defigei spe&ﬁlttmﬁ as
semi conductor device 200 as illustrated in Figure 2j may be formed on

t he basi suofut hBAf ehithowiyngsulp ro cesgutioe el ity uescondfttedlop AL2Dein i Agprdphiee
gate el ectrode shuctures 235A, 235B, the material 254 may be forned,
i f requi feEgeldgpagefor @ Bkt rapdd prbewes Petefmrieies 2 nmWHIEr CEVIt es
be f \ eisece lile .i er ire 1 Heh T b, Ty rporated to
][T??’q Q@ﬁ‘s{i’% Beck§ ﬁ‘%ﬁiﬁtgag P gﬁc% %g@ﬁe,%%% W@éf@%@%&?%%&dﬁ’ jated

ed w e materi a the basis o Ive epltaxia
growt h t gehnd qures swblilhesreafternl 2t he drain and source regions 251 may
be fornmed by ion inplantation by using the spacer stnethre 30255 as
an i nplantati on mask. Thereafter, any anneal processes may be forned,

wherein the eggﬁar g:(,eﬂ% gsaltc %B(!trloclietsx'ucmre 3%9 r:ligy/ :_%1%1%%} 1%(? %yﬁég%g /In(f)lglﬂﬂ- 9 é 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. Similazly, the layer 212 may comprise the species

2121 for enhancing the stability of the materiaf 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 inlo a silicate, thereby increasing the dielectric constant of the base material 211. Consequently,
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of the gate dielectric materials 210A, 210B may substantially
preserve the previously adjusted characteristics, as discussed above.
Next, the netal suicide regions 252 nay be forned on the basis of

\ Atol | - est AP REHERSY) | i ci dation techni ques. Thereaf t er PCAVSIHYR¥L Gy er
dielectric material may be deposited which nay conprise a
stress-inducing dielectric material for enhancing performance of one
or bot h ofe dbéve-déserdisiretse pgueBGQAVIdA@E0BE dbgree obilgdify it Miwsnigtoveyadl frﬂﬁsiqu
enbodi ments (not shown), the interl ayer dleleCtrlgg“ teri

pat t er ned EHLHEeS RBEEY ff%vﬂtg&ﬁengwefgé& delgyroptg “8‘1@8‘%?[@?588 g e
structur G %%5662!1 C%%S@& 3y g{zﬂg’u@lr tzahs%torsedgpy @haﬁljaﬁuamo?sr du?rllg azc’l)%m@ntq“tlfm!utnng n
any desired ne T such as alumnum tungsten and the |ike.

resul t, hhﬁmﬁwesent di scl osure provi des sem conduct or deV|ces and
nanufacturing techniques in 10 which the diffusion of threshold
adj 8isti ng species into the dielectric material of transistor elenments
may be enabl e‘li i sehem%iceﬁll* n%ser tc tﬁé slé|1§1e(§1dl 0%1 dcga%sz%ﬁ in mofm%%r dg\gn (?mmuchimmg
conventlonal S ? he et erial characteristics may be

" preser veagge, 11@13?&@@ S eguentisid: Eﬁﬁtrﬁﬁﬁ Bt fornfe®bn hSEiARGR @A citdiaic Bashs 209A.
nltrldatlon or any ot her appropriate treatnent, thereby providing the
requi r ed Suipér |acs¢cmsittalmlsr0|l 39 Bctuny ibp dprdd en flhgrbpsireat ﬂ}?rg@‘e és‘slpﬁi?gm%ﬂ%% t'he

di ffusion of th ie nto the di ia

Spect o6 M o BBat: N SFHEPACad. TP rasa t Ayare (sl Mo
t hgpeby %ﬁmphaa&ctm? o8l LEhE 1260AC N %ﬁ%&rnip% g dhch@ruepmgm&m ﬂaa]gg My
during the subsequent treatnent for stabilizing the sensitive gate
di el ect rigpreEitte vdrahl, and lac @l dop@poentle Mocdordeat wenthe dfsirel enslasearhayigics. Ny

be acconplished, for instance, by incorporating nitrogen and the

li ke. Herfewwicaihy dapansprafiy of T o 408 erviva teaipts 2p ! ’Eﬁg’F SRPEPrdpjhedasiror § pacer
sensiti Vi %?ue 59 If()%]ll %% rmdcwa{mtf% G%L, elcctnP(% SL{Q{&GP%BADLQI?e?tﬁﬁl@lgolm¥tapﬁ1c1de
per f or med by depositing a S|ng ‘¢ et a cont al ni ng el ectrode nmateri al

t her eby ﬁaﬁhhﬁﬁnﬁﬁﬂa@ﬁkm&tmhﬁmpﬁe&akkw@&@@ﬁﬁﬁd@&&Mﬁmemgmsdhmmﬁam&mmgo
cases, the interdiffusion of material into the gate dielectric

matléri al 23, arBerilh.yo ofarrafeaetrvionl cotige Thmveral%émm@omsm 1 capngtagial which

silicon dioxide-bas materi al s, sub t uch
PN B L R R T e e e R T

char act erﬂy%t]ﬁag]? con!l-lng‘;c%tag elflu'theﬁno';cc erm:@é‘]ﬁiﬁs@?ﬂ@é cmb@(lhﬁ&ﬁs,r (91@ 6 WHAL® thk @hnsistors
such as polysilicon, anorphous silicon, silicon/germanium and the

i ke, naywmezﬂmm@smhﬁﬂmaﬂﬁIhﬁM@aﬁmmam&amr@ﬂhﬂd?ﬂﬁh@&ﬁdﬂso®uﬁmdd@%@V@
are illustrative only, as the invention may be nodified and ractlced
in differeses Fotewgli Yeresito lhHer sy B&P@ﬁﬁ?&ﬂ TP LIORY 2P & PR HR
af T2 havi n[?c f'Eaneofep E]CeII./ Iet agf t g g Qe? Hﬂigc% §1§ ?éssgfe .Sll: %rm gél re%ron Efﬁelheleby
process steps se f'or may be per ormed in a different ord

Fur t her noi@er eﬂ]ﬁndiﬂgm&cﬂtph%ﬂﬁn@lbﬁhé nhandegAl B olhheadel aktspondibis material, such as
construction or design herein shown, other than as described in the
clai ms bel séven/chbonjaioyihatfko may apalidytin tihasigids @505 ar erfles tglcehence b erefPBRe s
di scl osed above may be WO 2010/ 132319PCT/ US2010/ 034164 altered or
nodi fied W8 al | such variations arc considered within the scope and

spirit of the invention. Accordingly, the protection sought herein is
as set forth in the clains bel ow.

25 The senticonductor device 200 as iflustrated 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 structore

30 255 ag an implantation mask. Thercaftcr, any anneal processes may be formed, wherein the enhanced stability
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What is clainmed: 1. A nethod of fabricating sophisticated gate

el ectrode structures, conprising: formng a gate dielectric materi al
above a sem conductor region of a sem conductor device, said gate

di el ect ri cwmtawi3as19conpri sing a high-k dielectric natBET/H2010/034164
formng a netal -containing material above said gate dielectric
material, said nmetal-containing material conprising a threshold

adj ust i ngr B HiBlsdric materials 0@ £ IOB MangbsanihBatrestrica@tpieindsty hdusthl fiubigeistgs, as
portion of said threshold adjusting species into said gate dielectric
mat er i al fsqEpoiiYeg %@éﬁ dierrestah i nedang, Pﬁgmﬁaieeeﬁoiﬂgﬂ op (s rh'wafb%fv‘@ﬂvgéibashed

gat e diel 1?01%{1011960{;1& €8, ”I%Tléaf:‘tp 2 nfn%)c;l n)ietn geieactug 51%’[{: in ma be deo&%c?@l!n%hlrEa ¢ f%l :ge a

gate diefe ntai'ni ng el ec

mat eri al gQR stk d@@h@c ﬂilt@ﬁaﬁ&%ﬁﬂaﬁbm@"@&ﬁﬁﬂa@& of @06k h@ LM GoRtoBAB®, 2508, Tn
el ectrode structure of a transistor on a basis of said

net%]-coﬂmamhﬁngwem@@bwmd@mﬁhmexmamw&nﬁJSEﬁdﬂgéﬁén@VbﬁE@Wﬁﬁ@MSmﬁmm%

mat eri al met hod of cl aim rei erfor

o ot abi I #8 “ulia" DRPE PRI 2k ST o Bolrarr Bl TE? Hrar] g at
| east On@es%‘élﬂafﬂ gugzggﬂulﬁﬁlﬁlj Q?@éﬁ?ﬂdfh@ﬂl@ sai d h' gh-k dielectric

mat eri al The nethod of claim1, wherein perform ng a treatnent

to stablllze said gate dielectric materi al conprlses i ncor porating at
| east one of nitroEen and oxygen into a base | ayer of said gate
di el ectric mafet fedit, the peseor{igeiyat Hdeofnipdiofy foviopsipg ﬁ@flfa%%fﬂfhgiq?fg in

f OI(?]O il g. %higﬁ {‘Bt SIiO(I:l) I’(])[. h%é{aglri TT@E)SQX &ﬁ%} gﬂoqﬁet (ﬁélecﬁ Q Qltl }mp !)Lr! nb%l; anlleﬁtL mQ)pgc

per rmng Ssail eat treat e presence o1 sal protecti on
| ayer. 5emkbier Avditeticfcrableabdiddses wWheh@itd cos@hi@dng) kotegied iT0Nmli@yBdharacteristics

conprises silicon.
may be “preserved” by a subsequent freatment, for instance on the basis of nitridation or any other appropriate
treatment, thereby providing the required superior stability during the frther processing. During the diffusion
of the cap layer species into the dielectric material, the species may also be incorporated into a base layer, if
15 desired, thereby enhancing the dielectric characteristics thereof. Similarly, during the subsequent treatment for
stabilizing the sensitive gate diclectric material, a corresponding treatment of the base layer may be
accomplished, for instance, by incorporating nilrogen and the like. Hence, afer stabilizing the material
characteristics of the sensitive gate dielectric material, 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 materia} into the gate dielectric material in an early manufacturing stage may also be
applied to silicon dioxide-based materials, wherein a subsequent trcatment, such as a nifridation, 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 ilfustrative only, as the invention may be modified and
practiced in different but cquivalent manners apparent to those skilled in the art having the benefit of the
teachings herein, For example, the process steps sct 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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6. The nethod of claim11l, wherein said netal-containing materi al
conprises one of |anthanum and alum num 7. The nethod of claim 6,
wherein said netal -containing material conprises |anthanum and said
met hod f ur WeRIEHRPWiI ses fornmi ng an N-channel transi st BETHH2HEIWAsi s
of said gate electrode structure. 8. The method of claim®6, wherein
said netal -containing material conprises alum num and sai d net hod
further ebagdrdrsesififdomiiangud Raghanredonsideangiilgt e sone tldesplbiasi $e ofengai d
gate el ectrode structure. 9. The nethod of claim8, further

conpr i si MGG thrgroieotion e rinct et Bith By gHms%Id- seni conduct or regi on
prior to formng said gate dielectric material. 10. The nethod of
claim1, further conprising formng a liner at |east on sidewalls of
said gate electrode structure. 1 |I.A nethod of fabricating

sophi sticated gate el ectrode structures, conprising: formng a gate
dielectric material above a first active region and a second active
region; formng a first nmetal-containing material selectively above
said first active region; formng a second netal -containing nmateri al
above sai d second active region; perform ng a heat treatnent to
initiate diffusion of a first species fromsaid first

nmetal -containing material in said gate dielectric material above said
first active region and to initiate diffusion of a second species
fromsaid second netal -containing material into said gate dielectric
mat eri al above said second active region; renoving said first and
second netal -containing materials; and
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performng a treatnent to stabilize said gate dielectric materi al

12. The nethod of claim 11, further conprising formng a

netal -containing el ectrode naterial on said gate dielectric materi al
and formng a first gate el ectrode structure above said first active
region and a second gate el ectrode structure above said second active
region. 13. The nethod of claim 12, further conprising formng a
protection Whwelsclhase said first and second netal - containing
materials and perform ng said heat treatnent in the presence of said
protection layer. 14. The nethod of claim11l, wherein formng said

first metal jcont RiggR@ SRR R ©ERBEd 8RS T b B8 drictdr&l chftistRyer
formng a first diffusion |layer containing said first species on said

first cap | ayer Bndingaereaienticlectnermoisdalokpve asemicanustai gefonoga

di ffusion | T met hod..of claim.l wher ei n .f i ng. said
second et ar Rone R 4o PRfa Rk AR ol IRE Db RLAIRAEE,
second cap mageni;and said first diffusion |ayer from above said

second active region and formng a secaond di ffusion | ayer contai.ning
sai d second spec%&mgﬂé%alscamam?ﬁ&@ete ﬁ&g%ﬂc‘sa%aéec plgelti E&F%‘ﬁL said 16

The nethod gktattéHiaThihd Rl @niprisMoM RGsISM _degﬁing spégdsectric materi al
conprises formng a hrgh-k dielectric material above said first and
second active repfripnsing atpat tpaenanbichbtussta portaemetisgid thigshohdadjusting species
conpri sing in%@id’%at@ i(t—:{%%t?;?%lceqiaﬁdj usting sem conductor alloy on said
active region prior ?o ormng said gate dielectric material. 18.
The net hod of cl@&inevihg saidivetabicontaming hatesdl figat boet edd paddickiricatatereal;

represents a gate el ectrode structure of. a P-channel transistor. 19.
A Sophi ot cat od ECETERadERBY BTt Yo G ct gD di ng to he

met hod of cl ai mefokhidg k8netal-containing electrode material on said gate dielectric material;: and
forming a pgate electrode structure of a transistor on a basis of said metal-

containing electrode material and said gate dielectric material.

2. The method of claim I, wherein performing a treatment to stabilize said gate
dielectric material comprises incorporating at least one of nitrogen and oxygen into said

high-k dielectric material.

3. The method of claim |, wherein performing a treatment to stabilize said gate
dielectric material comprises incorporating at least one of nitrogen and oxygen into a
base layer of said gate dielectric material.

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

protection layer.

5. The method of claim 4, wherein said protection layer comprises silicon.
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6. The method of claim 1, wherein said metal-containing material comprises one of

lanthanum and aluminum.

7. The method of claim 6, wherein said metal-containing material comprises
lanthanum and said method further comprises forming an N-channel transistor on the

basis of said gate electrode structure.

8. The method of claim 6, wherein said metal-containing material comprises
aluminum and said method further comprises forming a P-channel transistor on the basis

of said gate clectrode structure.

9. The method of claim &, further comprising forming a semiconductor alloy on said

semiconductor region prior to forming said gate dielectric material.

10.  The method of claim 1, further comprising forming a liner at least on sidewalls of

said gate electrode structure.

11. A method of fabricating sophisticated gate electrode structures, comprising:
forming a gate dielectric material above a first active region and a second active
region;
forming a first metal-containing material selectively above said first active region;
forming a second metal-containing material above said second active region;
performing a heat treatment to initiate diffusion of a first species from said first
metal-containing material in said gate dielectric material above said first active region
and to initiate diffusion of a second species from said second metal-containing material
into said gate dielectric material above said second active region;
removing said first and second metal-containing materials; and

performing a treatment to stabilize said gate dielectric material.

12, The method of claim 11, further comprising forming a metal-containing electrode

material on said gate dielectric material and forming a first gate electrode structure above
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said first active region and a second gate electrode structure above said second active

region.

13. The method of claim 12, further comprising forming a protection layer above said
first and second metal-containing materials and performing said heat treatment in the

presence of said protection layer.

14.  The method of claim 11, wherein forming said first metal-containing material
comprises forming a first cap layer, forming a first diffusion layer containing said first

species on said first cap layer and forming a second cap layer on said first diffusion layer.

15.  The method of claim 14, wherein forming said second metal-containing material
comprises removing at least said second cap layer and said first diffusion layer from
above said second active region and forming a second diffusion layer containing said

second species above said first and second active regions.

16.  The method of claim 11, wherein forming said gate dielectric material comprises

forming a high-k dielectric material above said first and second active regions.

17. The method of claim 16, further comprising forming a threshold adjusting

semiconductor alloy on said active region prior to forming said gate dielectric material.

18.  The method of claim 17, wherein said first gate electrode structure represents a

gate electrode structure of a P-channel transistor.

19. A sophisticated gate electrode structures fabricated according to the method of

claims | to 8.
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