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| NVENTI ON 5Generally, the present invention relates to sophisticated
integrated circuits, and, nore particularly, to techniques for
inmproving the reliability of sem conductor devices with high-k gate
dielectric layers by passivating point defects during the gate stack
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given chip area according to a specified circuit layout, wherein
field effect transistors ﬁﬁi £S o j ¥ 15 of circuit
el enent that substantial | yeterfrnes pertormance < he i ntegrated
circuits. Generall a plurali of  process technol ogies are
currently pﬂactié@ﬁgiﬁﬁﬁiﬁﬂEJféégixasﬁﬁtypes of conplex circuitry,
including field effect transistors, MOS technology is currently one
of theS most promilsimgllapPreopiesvat inkgetiorp ralafes mjp@%iwaté%amtem@dicsw&%
in view of operating speed and/ or power consunption and/or

and, more particularly, to techniques for improving the reliability of semiconductor

devices with high-k gate dielectric layers by passivating point defects during the

gate stack formation.

10 2. DESCRIPTION OF THE RELATED ART

The fabrication of advanced integrated circuits, such as CPU’s, storage
devices, ASIC’s (application specific integrated circuits) and the like, requires the
formation of a large number of circuit elements on a given chip area according to a
specified circuit layout, wherein field effect transistors represent one important type

15 of circuit element that substantially determines performance of the integrated
circuits. Generally, a plurality of process technologies are currently practiced,
wherein, for many types of complex circuitry, including field effect transistors,
MOS technology is currently one of the most promising approaches due to the
superior characteristics in view of operating speed and/or power consumption and/or

20 cost efficiency. During the fabrication of complex integrated circuits using, for
nstance, MOS technology, millions of transistors, e.g., N-channel transistors and/or
P-channel transistors, are formed on a substrate including a crystalline
semiconductor layer. A field etffect transistor, irrespective of whether an N-channel

transistor or a P-channel transistor is considered, typically comprises so-called PN




20 cost efficiency. During the fabrication of conplex integrated
circuits using, for instance, MOS technplogy, millions of
transistors, e.g., N-channel transistors and/or P-channel
transistors, are fornmed on a substrate including a crystalline

sem conductor layer. A field effect transistor, irrespective of

whet her an N-channel transistor or a P-channel transistor is
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is controlled by a gate el ectrode fornmed adjacent to the channel
region and separated therefromby a thin insulating |ayer. The
conductivity of the channel region, upon formation of a conductive
channél due to theadpp cffaititonsiefor,athe appdwapivitatod thonkanat] egldnage., tloe
the gate electrode, 10 depends on the dopant concentration, the
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channel , whi ch depends on the conductivity of the gate el ectrode, and
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characteristics, the scaling of the channel |ength, and associ ated
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devi ce technol ogy generations, the gate structures of nost

length. Hence, in combination with the capability of rapidly creating a conductive

channel below the insulating layer upon application of the control voltage to the gate

15 electrode, the conductivily of the channel region substantially affects the

performance of MOS transistors, Thus, as the speed of creating the channel, which

depends on the conductivity of the gate electrode, and the channel resistivity

substantially determine the (ansistor characteristics, the scaling of the channel

length, and associated therewith the reduction of channel resistivity and increase of

20 gale resistivity, 1s a dominant design criterion for accomplishing an increase in the

operating speed of the integrated circuits.

For many device technology generations, the gate structures of most

transistor elements have comprised silicon-based materials, such as a silicon dioxide




and/or silicon oxynitride gate dielectric layer, in conbination with
a polysilicon gate el ectrode. However, as t he channel |ength of
aggressively scal ed transistor elenents has becone increasingly
smal | er, many newer generation devices have turned to gate el ectrode
st acks conprising alternative materials in an effort to avoid the
short- 5 channel effects which nmay be associated with the use of
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paranmeters of the device. Furthernore, a nmetal material |ayer nade u
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el ectrode materials may be fornmed above the high-k gate dielectric
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of the transistor, which is sonetines referred to as a work-function

4 material, oﬂynlﬁidéfhﬁlhpf)ltyﬁﬂifcbﬁ)QJd]%i@N)@bnﬂi@M@tﬁonsThese wor k- function
materials may include, for exanple, titanium (Ti), titaniumnitride
(TiN), titaniumalum num (Ti A1), alum num (Al), alumnumnitride
(AIN), tantalum (Ta), tantalumnitride (TaN), tantal um carbide (TaC,

tantal um carboni t[felpgnedh(g-r %g\'?hé ép%@itﬁ%l SRail ldle&&p requirements, several different

high-k materials — ie, materials having a dielectric constant, or k-value, of
15 approximately 10 or greater — have been used with varying degrees of success for
the gate dielectric layer of an HK/MG gate structure. [Por example, in some
transistor element designs, a high-k gate dielectric layer may include hathium oxide
(HfO,), tantalum oxide (Ta;0;), zirconium oxide (Zr0»), titanium oxide (Ti0O,),
aluminum oxide (Al O3), hafnium silicates (F{SiOy) and the like, as well as any one
20 of several combinations thereof, as may be required by the overall design parameters
of the device. TFurthermore, a metal material layer made up of one or more of a
plurality of different non-polysilicon metal gate electrode materials may be formed
above the high-k gate dielectric layer in HK/MG configurations so as to control the

work function of the transistor, which is sometimes referred to as a work-function




5nitride (TaSiN), tantalum suicide (TaSi) and the |iKke. In
recent years, an overall inprovenent in,sem conductor device
performance has been realized based on the use of HK/ M5 gate

el ectrode configurations. However, a decrease in the reliability of
HK/ MG devi ces may 10 sonetinmes occur as a result of various

pr ocessi ng- induced defects, such as point defects, e.g., dangling
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devi ces. (TaN)Orentpluirorcathide Bt(HodantHam babodeale (IS€N) damtluine sisicon
increnmental |y address the defect-related reliability problens

descrisbed ahinée {1RShY), idncdleasiiigld (1ash hhd Kraks. of 20 the high-k
dielectric layer, increasing the thickness of the interfacial |ayer
or increasing the thickness of both |ayers. However, it should be
noted that sinply increasing the thicknesses of the high-k dielectric

2yer andlor | ntgrRELA Joderhas,Gareah, LTk o, BERE Il " gmRy

devi ce applications, as sone’ device par , such

t hreshol d voI Vi C erf ce and the lik

ot £t et al PEIAEBES Qb jenecnrit daseh ol lt?kﬁé%sogsH%r%ﬂwwmde

this approach is typlcally only utilized when the equival ent oxide

t hi ckness ( Eofigugdjonst ngpvevass atdesrdpse &y flcraiabiligy of HROChdeyeer hay m
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5may outwei gh the increnental benefits it may ot herw se provide.
defects, e.g., dangling bonds and the like, that may be present in the high-k dielectric
bulk material, or at the interface between the high-k dielectric layer and the
underlying interfacial silicon dioxide or silicon oxynitride layer. In some instances,
these point defects can lead to a decrease in the time dependent dielectric breakdown

15 (TDDB) of the device, or to an increase in bias temperature instability (BTI), either

of which may result in a decrease in the overall reliability of HK/MG devices.

One prior art method that has been used to at least incrementally address the

defect-related reliability problems described above is by increasing the thickness of

20 the high-k dielectric layer, increasing the thickness of the interfacial layer or
increasing the thickness of both layers. However, it should be noted that simply
increasing the thicknesses of the high-k dielectric layer and/or interfacial layer has
somewhat limited benefits in many device applications, as some device parameters,

such as, for example, threshold voltage, device performance and the like, may be




Anot her prior art approach that has been used to address the point
defect problens associated with high-k dielectric |ayers as descri bed
above is to performan inplantation process to inplant ions of a
chemi cal elenent, such as fluorine and the 10 like, that is known to
passi vate point defects in and around high-k dielectric |ayers of the
type that may be created during HK/ M5 device processing. Fi gures

| a-id depict deS[Q%P{ahg Lé\?ite{:t%{l) bgql)g f c%ds%gi._h]élmks% IQH%[UP GRR Sa?ﬁroach is

whi ch are gener escri ure

| [ ustrat 100 turin
Stage of, T olPE EC%& Rttt h%?@ﬂ“&va‘éﬂﬂ%@ﬁ ifacfmlg%sgﬁf}]ﬂ AT of e
t tor e wh t t f
el oot 'ridgrnﬁt%l 1T YpAE RURANEIPB ST Ehcheets 4 Behaee Brp Oty 02 A, as

| ayer of gate el ectrode material and patterning the material stack to
forma gate Berdggingensal cffvetssesicorortivithen iveviseé ELIDof porofhaFiagomte).? 4
i ncludes a substrate 101 and a sem conductor |ayer 102 forned

t her eabove. mhg osevegomdieionents \beaeitd Q0nal @beriviel pideige.an i nterfaci a
| ayer 103 that has been fornmed on the sem conductor |ayer 102, which
may be on the order of 4-6 A thick, and which may be made up of, for

exanpl e, silicon dioxide or silicon oxynitride. A high-k dielectric
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i nt er flace 10ie, Het wdewwnhe passhvatd @ontalefdeayierand 0D uan dighHedibleghicllgyers of
dielectric |layer 104.
the type that may be created during HK/MG device processing. Figures la-1d
depict some ilustrative prior art implantation processes, which are generally

described below.

15 Figure la schematically illustrates a semiconductor device 100 in an early
manufacturing stage of, for example, a gate-first technique for forming HK/MG
transistor elements, wherein an insulating portion of a gate electrode material stack
has been formed in advance of forming a layer of gate electrode material and
patterning the material stack to form a gate structure. The semiconductor device 100

20 of Iigure 1a includes a substrate 10l and a semiconductor layer 102 formed
thereabove. The semiconductor device 100 also includes an interfacial layer 103
that has been formed on the semiconductor layer 102, which may be on the order of
4-6 A thick, and which may be made up of, for example, silicon dioxide or silicon

oxynifride. A high-k dielectric layer 104 having thickness of approximately 1-2 nm




10During the manufacturing stage illustrated in Figures la and 1 b,
an inplantation process 120 is perforne% to inplant, for exanple,
fluorine ions, into the high-k dielectri‘c layer 104 so as to

passi vate the point defects 104p. However, due to the fact that the
hi gh-k dielectric layer 104 is very thin, e.g., on the order of | - 2
run as noted above, relatively low inplantation energies would

generally be .15 necessary to appropr.iatel.y adjust the position of
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to control the jnplantation process 120 in such a manner so as to
obtai n a corndiedpentlaysdOdensity throughout, or a specific position
within, the high-k dielectric |ayer 104. Accordingly, the

i npl antation process 120 nay not readily lend itself to the typical
production environnent, as it may not 20al ways provide a precisely
repeat abl e, and thgrrefloreheehiably ellugassi vafiésorpt vieat nEmiec edmicheductor
poi nt defects 104p. Figure Ic schematically illustrates another prior
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and the |ike. Depending on the inplantation energy used during the

i npl antation process 121, controllability of the ion density in and

around the area of the high-k dielectric |ayer may be enhanced to

sonme Hegree when ingianied hanuti@uinglsant alliveMated in Figures 1a and 1b, an
implantation process 120 is performed to implant, for example, fluorine lons, into
the high-k dielectric layer 104 so as to passivate the point defects 104p. However,
due to the fact that the high-k dieleciric layer 104 is very thin, e.g., on the order of 1-
2nm as noted above, relatively low implantation energies would generally be

15 necessary to appropriately adjust the position of the implanted ions in such a thin

layer. As such, it can be difficult to control the implantation process 120 in such a
manner so as to obtain a consistent ton density throughout, or a specific position
within, the high-k dielectric layer 104. Accordingly, the implantation process 120
may not readily lend iself to the typical production environment, as it may not

20 always provide a precisely repeatable, and therelore reliable, passivation treatment

of the point defects 104p.

Figure 1¢ schematically illustrates another prior arl process that has been

used for passivating the point defects 104p that is similar to that illustrated in




10 process 120 described with respect to Figure | b above. However,
preci se control and repeatability of the overall inplantation
process, and therefore overall device reliability, may still be
difficult to achieve. Mreover, the use of a sacrificial layer 112
will generally tend to increase process integration conplexity (and
therefore device cost) due to the additional processing steps that

are requir dfir od 15 t | aye to renov
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gate dielectric layer 104 and a gate el ectrode 105 above the
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Dependi ng on the overall device requirenments, sidewall spacers (not

shown) nay(h@eﬂdchndrmmybﬁeaﬁr@@bwwonwchgemsﬂdmwmhtmnﬁﬁoﬂwém@wnmﬁon
structure 110 prior to and/or during the inplantation sequence. 10

As shpwn i Mpréie@sin 20 kdscribbe vitolcapdcatd Dhruseibiaber. t Halveld, piscide tonttdr m
the source and drain regions of the sem conductor device 100 is

adj usted t Omﬁrl% ééﬂ%;]?t%/tdf' the %Q&laﬁ ik ﬁ!n@ﬁhﬁ%@&b?&%ﬁ%@lb%g OR/QI%H deice

desi gned to inpl ant or exanple, fluorine ions so as to pa55|vate
any poi nt dzgif %Cﬂti@, 1%‘1'01? Riift %e%t%cuf% %5 gh}gv%s CMlmt‘)e%gfer, ﬁloe Wl a dallificial layer

112 will generally tend to increase process integration complexity (and therefore
device cost) due to the additional processing steps that are required first to deposit
15 the layer 112, and then to remove the layer 112 prior to forming the remaining layers

of the HK/MG gate material stack.

Figure Id schematically illustrates yet another prior art implantation process,

wherein a semiconductor device 100 is in a substantially advanced manufacturing

20 stage as compared to methods illustrated in Figures la-1c¢ above. As shown in
Figure 1d, a gate patlerning process has been performed so as to form a gate
structure 110 that includes the interfacial layer 103, the high-k gate dielectric layer

104 and a gate electrode 105 above the semiconductor layer 102, In a so-called

“eate first” approach, the gate electrode 105 may be, for example, a metal gate




15 many cases, due to the nmasking or shielding effect of the gate

el ectrode 105, the region 110r of the gate structure 110 into which
the ions are inplanted during the tilt-angle inplantation process 122
may be limted, e.g., to a distance 110L, such that only the edge
regions 104e of the high-k dielectric |ayer 104 may be effectively
passi vated. As such, the inplantation nethod illustrated in Figure |Ic
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limtations, such as on the arder o oproxi mately 10- 30 urn. 9
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are adapted to passivating point defects that nay be forned in and

around t he mighekioggremplicepegsibipa:. | by aynamaodesy mitdeaatioal schapes. ager the
HK/ MG devi ces. The present disclosure is directed to various nethods
t hat may avpidstrusrirat 10 badicen édued, art ihgpleftdtentssqaficoivgzeoeraByperdorofed
the problens identified above. SUMWARY OF THE DI SCLOSURE The
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during the implantation sequence.
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As shown in Figure 1d, the implantation sequence that is used to form the
source and drain regions of the semiconductor device 100 1s adjusted to include a
tilt-angle implantation process 122 that is designed to implant, for example, fluorine
ions so as to passivate any point defects 104p as previously described. However, in
15 many cases, due to the masking or shielding effect of the gate electrode 105, the
region 110r of the gate structure 110 into which the ions are implanted during the
tilt-angle implantation process 122 may be limited, e.g., to a distance 110L, such
that only the edge regions 104e of the high-k dielectric layer 104 may be etfectively
passivated. As such, the implantation method illustrated in Figure 1¢ generally has
20 limited application to those devices having gate lengths and/or gate widths that are

within certain dimensional limitations, such as on the order of approximately 10-

30 nm.




reliability of sem conductor devices with high-k gate dielectric

| ayers by passivating point defects during the gate stack formation.
One illustrative nethod di scl osed herei’'n includes performng a
plurality of material deposition cycles to forma high-k dielectric
| ayer above a sem conductor material |ayer, and introducing a
passivating 20material into a gaseous precursor that is used for

form ng the highgk di.el.ectric.layer ri at | east. one of the, .
i ural vey of et ariTyEpSlert o Bt L 588 nb@SHial etk Fats g,
illustrative method that, includes formng | ayer 10 by performn
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self-limting deposition cycles, wherein perform ng each of the
plurality afstsdkliectichiser pod thepbwial layar el ldKEYG dryiagded hé prepgmigisaiosure
sub-l ayer of the layer of high-k dielectric material by exposing the
sem conductietdireasd evatiouamddpdsihii omay andid entat tehsttredure] thele&ectSoborfe arst
gaseous precursor, wherein the first gaseous precursor includes a
materfal canpereic @bblthe idaayaed Movai gh-k diel ectric material .
Furthernore, the disclosed nethod includes nodifying the deposition
anbient during at |east one of the plurality of self-limting
deposition cycles to further include a second gaseous precursor, the
second gaseous precursor Qﬁhﬂ’ > Eer t hings, a
10passivating material . F Tef gsttat+ve nethod of the
present disclosure,.an interfacial |ayer is forned above a . )
seni conduct or | ay¥r PoopPWINGs BifSCEh A kP BR L gleremaryaply thenPratcahidisclogyrg rin
deposition process is performed to deposit a high-k dielectric Iayer
above the order to provide a basic understanding of some aspects disclosed herein. This

10 summary is not an exhaustive overview of the disclosure, nor is it intended to
identify key or critical elements of the subject matter disclosed here. Its sole
purpose is to present some concepts in a simplified form as a prelude to the more

detailed description that is discussed later,

15 Generally, the present disclosure is directed to techniques for improving the
reliability of semiconductor devices with high-k gate dielectric layers by passivating
point defects during the gate stack formation. One illustrative method disclosed
herein includes performing a plurality of material deposition cycles to form a high-k
dielectric layer above a semiconductor material layer, and iniroducing a passivating

20 material into a gaseous precursor that is used for forming the high-k dielectric layer

during at least one of the plurality of material deposition cycles.

Also disclosed herein is an illustrative method that includes forming a layer

of high-k dielectric material above a semiconductor layer of a semiconductor device




15 interfacial l|ayer, wherein performng the atom c |ayer deposition
process includes exposing the senicondy&tor device to a first gaseous
precursor. The method further includes incorporating a passivating
material into the high-k dielectric |layer, wherein incorporating the
passivating material includes, anong other things, conbining a second
gaseous precursor with the first gaseous precursor during at |east

20 d
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tenperature, chanber pressure, flowrate of the first gaseous

precur sor daRpsilicanecychgseingfuden dorgres rdsyhalsgusl greelaess of hathk heleidc at
| east one deposition cycle. 11 BRI EF DESCRI PTI ON OF THE DRAW NGS
The di scl oswt@iaimby chigosurpdée stroedndyinr @b eice nce d¢@sttive afrdlidnovian gicludes
description taken in conjunction with the acconpanying draw ngs, in
whi cts | i ke arkepanrces pruteshvehodgnhd fiyst dak@uvel RERINCT  in@ighs O ndidriai:

Figures la-1d schematically illustrate representative prior art
embodi ment g,0boReE fo@rtl'i'é BQ/e! an mgml @ﬂﬁ&h‘}@ﬂid%@Peﬁﬁﬁeﬁlﬁn@a@§'d‘(@l&ed
poi nt defects in a high-k dielectric |ayer; Fi gures 2a-2e

schermt | callo el degnﬁoalhhyg%ﬁ@tdeﬁ@mﬁ&gq%ﬁm {Blhgt RechACHRY Qe

di scl osed her

Hlustrate ﬁilﬁtlye& scqppf%lltﬂintdcpcg)fmtltogecﬁlgs%nELU%IhSegI13&[1(?@5 léllr Szcond gaseous

precursor, the second gaseous precursor being made up of, among other things, a

10 passivating material.

In another illustrative method of the present disclosure, an interfacial layer is
formed above a semiconductor layer of a semiconductor device, and an atomic layer
deposition process is performed to deposit a high-k dielectric layer above the

15 interfacial layer, wherein performing the atomic layer deposition process includes
exposing the semiconductor device to a first gaseous precursor. The method further
includes incorporating a passivating material into the high-k dielectric layer, wherein
incorporating the passivating material includes, among other things, combining a
second gaseous precursor with the first gaseous precursor during at least one

20 deposition cycle of the atomic layer deposition process, Additionally, the disclosed
method also includes controlling an amount of the passivating material that is
incorporated into the high-k dielectric layer by adjusting at least one of a reaction
temperature, chamber pressure, flow rate of the first gaseous precursor and flow rate

of the second gaseous precursor during the at least one deposition cycle.




Figure 4 schematically illustrates a further exenplary enbodi nent of
t he techni ques discl osed herein; and Zgrigure 5 schematical ly depicts
yet anot her enbodi nent of the present sclosure. Wiile the subject
matter disclosed herein is susceptible to various 12 by way of
exanple in the drawings and are herein described in detail. It should
be understood, however, that the description herein of specific
enbodi nents is not intended to limt the invention to the particul ar
forms disclosed, but on the contrary, the intention is to cover al
modi fications, equivalents., and alternatives falling within 5the
spirit and scope of tHBRAKEIHeY(RIBLOQN QB IHTDRANINGSonded ¢l ai ms.
DETAI LED DESCRI PTI ON Various illustrative enbodi nents of the
present subj ect Thatdisstosateenghebe pidresiorbbpweicience toethi delérvesg defeription
clarity, not all features of an actual inplementation are 10

descri bed iakehhinscapactibn ceith ane htcompahyiafl dawihge, be wappr &k atecnbhat
in the devel opnent of any such actual enbodi nment, nunerous

i mpl ement aL@RrasPiaeidi, tikdechehANsndMSthibg made to achieve the

devel opers' specific goals, such as conpliance with systemrel ated
and business-rel ated constraints, which wll vary from one

i npl ementation to another. Moreover, it will be appreciated that such
a

Figures la-1d schematically illustrate representative prior art embodiments
of performing ion implantation processes to passivate point defects in a high-k

dielectric layer;

10
Figures 2a-2e schematically depict one illustrative embodiment of the
techniques disclosed herein;
Figures 3a-3¢ schematically illustrate another embodiment of the present
15 disclosure;
Figure 4 schematically iHlustrates a further exemplary embodiment of the
techniques disclosed herein; and
20) Figure 5 schematically depicts yet another embodiment of the present

disclosure.

While the subject matter disclosed herein is susceptible to various

modifications and alternative forms, specific embodiments thereof have been shown




15 devel opnent effort m ght be conplex and tinme-consum ng, but woul d
nevert hel ess be a routine undertaking for those of ordinary skill in
the art having the benefit of this disé?osure. The present subject
matter will now be described with reference to the 20 attached
figures. Various structures and devices are schematically depicted in
t he draw ngs for purposes of explanation onIy and so as to not

obscure th resepnt disclosure with detail

Chose. oki 11T8avnot pramt R Erther wEh e iin dRseRbfinfigi ngShpg Be
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rel evant art. No special definition of a termor phrase, i.e a

defi ni tion thbkention & fof @kvandll hbaifcithes rg@divainys, antal usdiooalyifmaining
as understood by those skilled in the art, is intended to be inplied
by cofisi st apt sHIALR scpLbi awﬁwkwnf@rdf,ﬂhé@%h@%&;ﬂgd {gihde extent
that a termor phrase 1s intended have & special nmeaning, i.e., a
meani ng ot her than that understood by skilled artisans, such a
special definition will be expressly set forth in the speC|f|cat|on
in a definitional nmanner tha eCt vocal |y provides the
special definition for the téﬁng - hﬁ%@@ngﬂfﬂﬁk General ly, the
subj ect matter qf theﬁgﬁesent di sclosure is directed to, anong ot her
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into a high-k dielectric layer, such as, for exanple, of a HK/ M5
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poi nt defects that may be created during 15 the deposition of the
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hi gh-k dielectric layer may be formed above a seniconductor |ayer of
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compliance with system-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be appreciated that such a
15 development effort might be complex and time-consuming, but would nevertheless
be a routine undertaking for those of ordinary skill in the art having the benefit of

this disclosure.

The present subject matter will now be described with reference to the

20 attached figures. Various structures and devices are schematically depicted in the
drawings for purposes of explanation only and so as to not obscure the present
disclosure with details that are well known 1o those skilled in the art. Nevertheless,

the attached drawings are included to describe and explain illustrative examples of

the present disclosure. The words and phrases used herein should be understood and



20 exposed to a gaseous precursor material so as to increnmentally

i ncrease the thickness of a given |ayer,,by form ng nunmerous confornal
mat eri al sub-layers. In many cases, each of the self-limting

mat eri al deposition cycles may include sequential pul se/purge steps,
as follows: 14 1) a first pulse step to expose a surface where the
material |ayer is to be forned to a gaseous precursor, during which a

mat eri al cofR qugtﬁtjl to m L S md & ng%spi)stcn ﬂ li"xe% ei?lgncﬂnégi h%ge 'ij)rcfsaa%a

by under90|ng er mal” deconp

include a materi nt of . the ev tual |aI a ch as
o appr opr 1EGeDPG RGTERON MANSIFEGR b NG el Bobanal « K ¢ R,
like; 2) a first purge or evacuation step of the reaction
chamber t o irenbwish 1t“|’qlé'ﬂr£a‘cts| enfepyprisenche ordigaiepnd gystamyyumeaspg &g
gaseous precursor material, 10fromthe flrst pul se step; 3) a second
pul se stepEHMemediethme:&ﬂkﬁanemnmtﬁhénaukénbabimmﬁwihﬁsmdépnﬁhm@ﬂ
during the first pulse step to an appropriate oxidant, such as water

or ozone, SO RSeh PHARBE Bebhe THkagnl 0kt 209hNEPhESaE ingmdvd thhdvbe
15gaseous precursor during a subsequent materi al J%p03|t|on cycl e;
and a special meaning, e, a meaning other than that understood by skilled artisans,
such a special definition will be expressly set forth in the specification in a
definitional manner that directly and unequivocally provides the special definition
for the term or phrase.
10
Generally, the subject matter of the present disclosure is directed to, among
other things, methods for incorporating an appropriate passivating material into a
high-k dielectric layer, such as, for example, of a HK/MG electrode structure of a
CMOS transistor element, so as to passivate point defects that may be created during
15 the deposition of the high-k material. In some embodiments of the present
disclosure, the high-k diclectric layer may be formed above a semiconductor layer of
a semiconductor device using a suitable material deposition process, such as an
atomic layer deposition (ALD) process. During an ALD process, a plurality of self-
limiting material deposition cycles may be performed during which a surface may be
20 exposed to a gaseous precursor material so as to incrementally increase the thickness
of a given layer by forming numerous conformal material sub-layers. In many
cases, each of the self-limiting material deposition cycles may include sequential

pulse/purge steps, as follows:




4) a second purge or evacuation step of the reaction chanber to
renove the oxidant. 20As noted above, the gaseous precursor may
include a material conponent of the layer of material to be
deposited. For exanple, when the high-k dielectric |layer is nade up
of, e.g., hafniumdioxide and the |ike, the gaseous precursor that is
"pul sed" into the reaction chanber during the first pulse step may,
in certain enbodj S 11DC i . LOni L..1£C14).

Furt her nore, thg”fggﬁﬁﬁ3ﬁg*§§9$%E%%§§#ﬂ%%§%% é@“hﬂ?gﬁm%ﬂﬁ‘ﬁg%é%f%ﬁeof
the gaseous precursor, e.g., hafitiumtetrachloride, thermally
ocomposes and: bondeiy f Rt Bonkt i fubE Hagh BaT st CompRibyT e
controlling the tenperatures of at |east one of the followng: 1) the
reacti on chamber; g2jscplePghpacdaxhind fhengties 41y padesgoing ap heppal
deposited (e.g., the bsubstrate surface); and/or 3) the particul ar
gaseous precursor dsediposition. | hhsogmedlsl pstouadr veagnidwdideent sngéritlhe
present disclosure, an appropriate passivating material, such as
fluorsne or chlori pempdmyit RE iHeCevd@iRt @etciint Cayehe siihghs kadiagp@etikiieC

| ayer as the material |ayer is being deposited during the ALD
process. 10 For e?ﬂ%m?(glﬁetaﬂi@ aﬁ&{ol' %%éanﬁoc%l m?&),dd'n ; qttl?ke;t he gaseous
precursor that is used to deposit the various nultiple sub-layers of
the high-k dielectric layer as previously described nay be a first
gaseous precursor of an ALD deposition anbient. Furthernore, one of

t he passivating jyaterials noted above nmay .be included in a second
gaseous. precur Son. dafith RHE Sb eI R SER LT Jhke YT SHRPeh do ST nibe
with 1 5 the first gaseous precursor to create a nodified deposition
anbi ent. Accor di ngrewtlmhbmﬁ@@cﬂa%w&% as gty egaetedsgnieous mirsstsob fafdiial,
passivating material of the second gaseous precursor may al so be

i ncl WWed as a conpbnerthe 6fst phlse biegh-k di el ectric layer. In those
illustrative enbodi ments wherein the passivating material may be, for
exanpl e, fluorine, the second gaseous precursor may be, for exanple,
ni trogen

3) a second pulse step to expose the surface of the material that was
deposited during the first pulse step to an appropriate oxidant, such as
water or ozone, so as to prepare the surface for another reaction with the

15 gaseous precursor during a subsequent material deposition cycle; and

4) a second purge or evacuation step of the reaction chamber (0 remove the

oxidant.

20 As noted above, the gaseous precursor may include a material component of
the layer of material to be deposited. For example, when the high-k dielectric layer
is made up of, e.g, hafnium dioxide and the like, the gaseous precursor that is
“pulsed” into the reaction chamber during the first pulse step may, in certain

embodiments, include hatnium tetrachloride (11fCly). Furthermore, the reaction




90 trifluoride (NF3) or hydrogen tetrafluoride (HFlI) and the like.
However, it should be appreciated that ;other solid and/or liquid
conpounds that are adapted to form otheif gaseous precursors
containing, e.g., fluorine or chlorine conpounds that are reactive
within the particular tenperature range that fits with the reaction
tenperature requirenents of the specified ALD process nmay al so be

used. 16 tem Pcragﬁjcr ttmgéln%l?(!h e Hla%‘f.a! i & | %ln)g; O;%Jggo i.%b gl\égmg > ngfé (t; &qmiltém

gaseous precursor approach, the amount an concentra

passivating material that is incorporated into the high-k dielectric
aver oy BB, ity s daers o Trghie) b8 Bhibon s ot be
manner, as conpared to the previously described inplantation nethods
known i n t Kenkphed mneosalhpg ghe ppewiaenp!l goleastomet ¢fethg dpiloyige: 1) the
parameters used during the ALD process may be adjusted so as to
"tune" the rcomposhambn; df tht herfiviegihcke dicetaaial ilayel mytebe dspesitedife. ¢ hide
reaction tenperature, the chanber pressure and/or the flow rates of

the vari ousuBAREOUSaPE )L EUl/SI0T)Ihe %&ticular gasédusphaulsdr bedf urt her
understood that the above-described process nay be adjusted so that

the passivating material may only be incorporated into specific
sub-l ayers of the overall high-k dielectric |ayer. For exanple, in

certain enbodi ments, the second segus precursor may only be .
G111 26" dur i ng Iokang PGy eEFe Ry BRERALE P URHEN TRIesRE! o furpris
cycles of the ALD process d thereaft di scontinued so that onl

the first Q’é‘%séﬁl‘i@gﬁ?%ﬁ?is%%gf“% PPESENC ’K"rﬁ'”‘?h‘é‘alﬁlé‘iﬁlﬁfﬁo&ﬁe‘gﬁm @ﬁth.lgi’l‘n
ot her embodi nents, use of the second gaseous precursor may be del ayed
until one drdigiseicslayrr|agybe sagiial fachisghrine derssded dnéng by kLR dyeccbeen
deposi ted based only upon the use of the first gaseous precursor. In
sti |10 furt Her esabpldi meat kasitshmesmomdinegas abegasc@0s preesisos drat maysedgo
altematingly used and di scontinued in consecutive groups of materi al
deposi ti on deyédiete vatieneinulgacbulaldyersndtthagigriodrlsmy heeamadgreupudf

ei ther one deposition cycle or a plurality of consecutive cycles.

However, itj.shelidnRe @PRr ecdiabadodshateciier a0y e- AepChlRediodeRASIchl. 0N
cycle and sub-layer conbi nati ons
Furthermore, one of the passivating materials noted above may be included in a
second gaseous precursor, and the second gaseous precursor may be combined with
15 the first gaseous precursor to create a moditied deposition ambient. Accordingly, in
this fashion, at least some amount of the passivating material of the second gaseous
precursor may also be included as a component of the high-k dielectric layer. In
those illustrative embodiments wherein the passivating material may be, for
example, {luorine, the second gaseous precursor may be, for example, nitrogen
20 trifluoride (NF3) or hydrogen tetrafluoride (HF,) and the like. However, it should be
appreciated that other solid and/or liquid compounds that are adapted to form other
gaseous precursors containing, e g., fluorine or chlorine compounds that are reactive

within the particular temperature range that fits with the reaction temperature

requirements of the specified ALD process may also be used.




17 are exenplary only, and should not be construed in any way as
being a limtation on the scope of the present disclosure. Moreover,
in sonme enbodi nents, the exposed surfaces may be subjected to a 5
gaseous treatnent anbient during one or nore of the pul se steps of
the ALD process, wherein first gaseous precursor may be tenporarily
di sconti nued, whereas the second gaseous precursor may still be
present. During the gaseous treatnent anmbi ent of the exposed surface,
point defects that are present at the surface such as dangling bonds

and the |ike, assi vat ed of

10 dielectric FEX“ e‘B‘D "‘é}}é?Bosu“\t{MéH‘b LF%% r‘rp#%‘*“b‘*g rhﬁ‘t"c"d“ B
previ ously, point Pefects may. sonetlnes_be resent  at. or near the

i nterface BPPIPH, HPgHIROWH él“é@tlr?%w?la&ﬁé‘f)“a?lﬁ then @assivaling ynpfgrial that is
interfacial layer that is fornmed on the sem conductor |ayer of a
devi ce. Acowetiaiged int¢ hedugh-kidielenttvo By aemns be tigedTlipf adasted, in Adighly
interfacial |ayer may be exposed to the gaseous treatnent anbient so
as t ¢ passcwatedlapliminmdefaecbspartd tb deatredoosiy deschibed irhjientstisif method$
the interfacial |ayer prior to performng the initial self-limting

material depewh ik Ak &XClIRr 'exb-tﬁp]:e Qﬁ)* Qhe ©bP nfRE WFMBE VAR Us Hakdrddters used
sub-layer of the high-k dielectric layer. Furthernore, it should be

appreci ategq ut; Eh W§¥'d; LE(\)(,&B IH%\{ Be afdjouts{%ﬁ S%UR a‘ytﬁﬁ l%t, &h 0@1'&% o 116

dielectric e gaseous eatne

during the ces

schemat i cabie\bqa@ﬁféew S e PG FafivE 8rilg A HBRE 1P Tp ﬁadf'm
pr esent dlsclosure di scussed above, will be described in further
detai | bel % 19w radgsgUiiile Waions LRGOPHRECUiHEr ¢ appropri ate, the

reference nunbers used in describing the various elenents shown in
the 0 |ustrative 18

It should be further understood that the above-described process may be
adjusted so that the passivating material may only be incorporated into specific sub-
layers of the overall high-k dielectric layer. For example, in certain embodiments,
the second gaseous precursor may only be utilized during the first of several self-

15 limiting deposition cycles of the ALD process and thereafter discontinued so that
only the first gaseous precursor is present in the deposition ambient. In other
embodiments, use of the second gaseous precursor may be delayed until one or more
sub-layers of the high-k dielectric layer have been deposited based only upon the use
of the first gascous precursor. In still further embodiments, the second gaseous

20 precursor may be alternatingly used and discontinued in consecutive groups of
material deposition cycles, wherein each alternating group may be made up of either
one deposition cycle or a plurality of consecutive cycles. However, it should be

appreciated that the above-described deposition cycle and sub-layer combinations




enbodi ments of Figures 2a-2e, 3a-3e and 4-5 may substantially
correspond, where appropriate, to the rgference nunbers used in
describing related el enents iIIustrateé in Figures | a-1 d above,
except that the | eading nuneral in each figure has been changed from
a"l" toa"2," "3," "4" or "5," where appropriate. For exanple, the
5 sem conductor |ayer "102" corresponds to the sem conductor |ayers
"202," "302,. ox p . | i ! y

corr esponda™ 6 T e M oH 6 A Shre & PhiEied IFBE Wi s b e ighion on
"504," andtﬁo(pne ﬁ@r _S]§4¥l t he reference nunber designations used
to identify SSE" &l BFERTE of T e bresent |y di scl osed subject natter
may be illustrated in Figures 2a-2e, 3a-3e and 4-5 but may 10 not be
specifically described in the foll ow ng disclosure. In those
instances, it should be understood that the nunbered el enents shown
in Figures 2a-2éVloBav@einanchesndoghnetis, drecxposcddesioedshedy bavubickidito a
bel ow substantially correspond with their |ike-nunbered counterparts
i Il usirat ediabdvukitepatreant lanabidntddang desor ihe@d ofhtHehpulas seps atfatle ALD
di scl osure set forth above. 15 Furthernore, it should al so be

under st ood J;h@ks, VH{E:IL -G8 Fir QL NASEM SR SRS hfdy%l tleﬁhpbﬂﬂ'lyc aL:€5htinB8Y, whereas
rel ative positional or directional terns that nay be used in the

descri ptiong 9@4@83" %Se%ﬂg h, &%1585"919&? at'{ll b 8\/‘\:@%}“’[ th?m.’u: Lhegﬁsgocl%%ea&%ent

"above," "bel o
"horizontal " and e lik 0 should be construed in t of that
orm s nor Al AT &b a%ﬁ? i - R EFIEEE VAT o Eiﬁ%enaatpﬁheﬁ? ?Feo%“ﬂilﬁ’é
conmponents or elements in the referenced figures. For exanp

referring tignglig kunemadilee bkodwayskepasshast itwus amy e@%@bﬂbﬂled&h ke
100 depicted in Figure la, it should be understood that the high-k

di el B&tri c didyuwric 194 ibsin;go@pbisimdedl*‘dla@auﬁeﬂe,tzhendtfnt prefmoblal phiay defedi93,
whereas, in special cases, the high-k dielectric 19 |ayer 104 may be
posi ti oned msnfonidnendsticeyrésai al orlm@yethe 13rfhde dfhbs aighanlicgutat lapgrsind
where no other |ayers or structures are interposed therebetween.

Similarly, (hd uﬁt!&wneg %ht@lqact?z% @Par 8fat 3 edhniddagn ttl'il? séﬁﬁéﬁdtﬁcﬁ 1119& bSa
positioned "bel ow™ or "under" the sem conductor |ayer

device. Accordingly, in certain embodiments, the surface of the interfacial layer
may be exposed to the gaseous treatment ambient so as to passivate point defects
15 located on or near the surface of the interfacial layer prior to performing the initial
self-limiting material deposition cycie - i.¢., prior to forming the initial sub-layer of
the high-k dielectric layer. Furthermore, it should be appreciated that any one or
more of the sub-layers of the high-k dielectric layer may be subjected to the gaseous
treatment ambient during the ALD process.
20
Figures 2a-2e, 3a-3e and 4-5, which schematically depict some of the
illustrative embodiments of the present disclosure discussed above, will be described
in further detail below. It should be noted that, where appropriate, the reference

numbers used in describing the various elements shown in the illustrative




Figure 2a schematically illustrates a sem conductor device 200 during
an early stage of manufacturing, whereip an interfacial |ayer 203,
such as silicon dioxide or silicon oxyﬂ tride and the |ike, has been
formed above a sem conductor |ayer 202, such as a silicon-based
material and the like. It should be appreciated that 10 while not
specifically shown as such in Figure 2a, the sem conductor device 200
may al so | . 2UGNh e - i .
Frgure o Ssaude UhELLR P R 50805 1S S SHEEE oRUMARY, Bere
of, a substantial]y crystalline substrate material  (not show: or,
then a’ si | eBigaer kS S B ShuTbaa i B dRitiad i e RS Bl sy
sem conductor | ayer 202 may be formed above a buried 15 insulating

| ayer (not iBHOSwYS larhé abaydreraentdhal Gy dpadpms npggrapan gaghe figpieyisybachi n
| ayer, e.g., on the order of 4-6 A, and may be formed by any one of
several techaigpddsornhdtl”ar e “Rel 13, kW6 ‘i55” whereappropsiaich ks exdople, the
exanpl e, by a chem cal oxidation treatnent, thermal oxidation
treatgrent, sefmi@véicid Bybt aoly cdasimnedioniketinddond@Qosialé@n2p2,0cess,”
20 In the illustrative enbodi nent shown in Figure 2a, the

sem conduct-qpy-deyi 660200 ey Re JHRBRE ¢l el 01025 RBHEsJoh@ALOBAL high-k
anbi ent 250 in advance of performng a sélf-limting atomc |ayer

deposi tion {ALD). process,to Sarmaayer af,high-k dielectric X
macor al o 46t TRRRES20d 2, S Ao BT e BBLE U0 B hiGepntse
below. 20 Ip sonic illustratjve eg?odLnenIs, t he gaseous_treatneat
anbi ent 250SCENSE ABET CESIERRENG aised Joi identdereprselewger Asthaamgishy
bonds and the |like, that may be present at or near the surface 203s
of the int ekfcksedbuljegtenatzoaylhe ifestatddnindripods Aede.S3a-Tehmdghs dougay
treatment anbient 250 may include, anong other things, a suitable 5
passlat i ngorakeetpealiicilhatledicsibkd omnhd dolsatiug atieldsnteer fackosstiatiesceat it
the surface 203s, such as fluorine or chlorine and the |iKke.

Furt her nor eholl®ec3ASQNSS i@ aleRiMtbepsiil @Rént2 SR WIBN Higkes 2hee, arwaal,
for exanple, a gaseous precursor that may be substantially simlar to

that whi ch y1ay, 128 4560 BULHIBG hRREBURRRH E@d’s%daMalH’fE&Pésg&Qi AP R ORESS,
as descri bed béﬁOML During exposure to the gaseous treatnment 10

anbi ent 250 oint defects .that are present .in an upper . tion .203u
of the int éll’j.tf]g)g%e |L()|mal.{%lepl)’di§dgu§fléi§/e%b}g lpié%les 1cétlg(§m§8def)él?l%ed Rglﬁe ElSSOC]dtG%

_ Stv evr ously
descri bed. disclosure set forth above.

15

Furthermore, it should also be understood that, unless otherwise specifically

indicated, any relative positional or directional terms that may be used in the

descriptions below — such as “upper,” “lower,” “on,” “adjacent to,” “above,”

“below,” “over,” “under,” “top,” “boltom,” “vertical,” “horizontal” and the like —

20 should be construed in light of that term’s normal and everyday meaning relative to

the depiction of the components or elements in the referenced figures. For example,
referring to the schematic cross-section of the semiconductor device 100 depicted in
Figure la, it should be understood that the high-k dielectric layer 104 is positioned

“above” the mterfacial layer 103, whereas, in special cases, the high-k dielectric




Figure 2b schematically depicts the illustrative sem conductor device
of Figure 2a during an initial nateriah)deposition cycle 240 of an
ALD process. As 15 shown in Figure 2b,”an initial sub-layer 230 of a
hi gh-k dielectric |ayer 204 (see Figure 2e) nay be fornmed above the
interfacial |ayer 203, an upper portion 203u of which has been

previ ously exposed to the gaseous treatnent anbient 250. In sone
enbodi ment p _of Shtlon eycl 40
may creat eﬁfge dé{))% é %fb% o n{gﬁrgﬂe 019hg{enﬁteﬁ?5 gglsaﬁ{;; f@)of?ltlh&e Qonqéﬁla%ogs
precursor 240a, anpng ot . n

Tt or ol coMpEO SRR ot Sure 2ePar TR Rk St o
layer 204 that is to be fornmed above the interfacial |ayer 203. For
exanpl e, i Alsedier apmkcsprbdhatdhe subsiinee d0b 13 RpaHomslo beagw %@1 raaderl ghof
hafniunrdroxrde in which case the first gaseous precursor 240a nmay

i ncl ude haﬁmhhnmhﬂmwﬂ@mra&hloride, al t hough ot her sub-layer materials
and gaseous precursor materials may al so be used. Furthernore, in at

| easts some enbodi nents, the deposition anbient that is 5 created
during the first pulse step of the material deposition cycle 240 may
be nodified to Hggalguﬁﬁ séheRBEOAL IASERNS dpgc%ﬁersrﬁr%to%@m The @@fﬁ@%

gaseous precursor 240b nay contarn anong ot her things, a suitab

passivatin arEm dfﬁ'% ai)éel '1c1r1 Lt%uhn wp gil nedi’? rmt(é\{]"la £II By%l EB?t %10? %dgr'?é§b

to passi vat® “pdi e"crea h&"sub-T ayer
during the material, deposrtr 24g. In ce |IIustrat|ve 10
enbodi ment §10Xt4eX SEORP YRLE %ﬁ*@?&ﬁes s %@5”0%%' vhid feggethductor
trifluoride or hydrogen tetrafluoride, when, for exanple, the
passi vat i nfyaad®Es path as@rpplidosdssed waleiipleandthe becdr sliquldibe arareajased that
enbodi nments, the second gaseous precursor 240b nmay be substantially
t he 1game asvhilbelogapc&dfmsdly rebatvivent suairbn diigur2 36, hs sdesonibecr wevide 200
respect to Figure 2a above. 15
may also include a substrate, such as the substrate 101 shown in Figure la. The
semiconductor layer 202 may be formed on, or be part of, a substantially crystalline
substrate material (not shown), or, when a silicon-on-insulator (SOI) device
architecture is used, the semiconductor layer 202 may be formed above a buried
15 insulating layer (not shown). The interfacial layer 203 may be a relatively thin
layer, e.g., on the order of 4-6 A, and may be formed by any one of several
techniques that are well known in the art, such as, for example, by a chemical
oxidation ftreatment, thermal oxidation treatment, or even a suitably designed
material deposition process.
20
In the illustrative embodiment shown in Figure 2a, the semiconductor device
200 may be subjected to gaseous treatment ambient 250 in advance of performing a

self-hmiting atomic layer deposition (ALD) process to form a layer of high-k

dielectric material, as will be further described with respect to Figures 2b-2e below,




Buring the first pulse step of the naterial deposition cycle 240, the
amount and concentration of the passiv blng material that is
|ncorporated into the sub-layer 230 may be effectively controlled by
"tuning," or adjusting, one or nore of the various paraneters of the
deposition anbient that is nade up of the conmbination of 20 first
and second gaseous precursors 240a, 2406 For exanple, as previously
descri bed, In%m%% f?s!i% IV%]%O%{}?H% hc db&)ubchc g}wntt ] 11?55'6 ib 1ddV\ﬂ:dCt0
may i ncl ude, %h i% t he % ature of oF
chanber, the surface te per at re of the s tor deV| e 200
and/ or { he LT RO 48 %E o f‘?%&‘ma%n@%e& ﬁlegﬁ Sebabms 81?:"%‘*8‘?%5“
240a, 240b - may be controllably adj usted so as to obtain the
desired cor¥dit HeiuReeF 2pisefi haintagasial larerad0d; nlng %tasuenbweremzasﬁﬁc

I n ot her enbodi nents, the reactor chanber pressure may be

appr opr i at edageondj stisdyt ombiche 256nbiagethchid/ amoinpdothid vlihgd, | ovsuitables
of the first and second gaseous precursors 240a, 240b may al so be
cont rol | ed.pabdiveiayganatetiiechanBuiionand caneerihkcakionaes at hepasficy 20809
material in the sub-layer 230 may be obtained by controllably

adj usting agy, @@ mlonﬁ%' ancabridhan@hgy Qi‘k'e' SEELARRRS| the QAP BAment
par anet ers. Figure 2c schematically deplcts t he sem conduct or

devi ce 200 d n e c
of the ALDﬂibaﬂ?égk?bﬁaébf%“ﬁ b S8BT ko PRy B8
addi ti onal ayers 32 a d 23 I n the i rativ .
enbodi ment Y Sf@i}t@ﬁf/émz it st ravé?‘% wed dorng Hﬁv%ﬁ%ewﬁvcm‘&gmgﬂ
appropri ate anmount of paSS|vat| materi al so as to passivate point
defects, siiParroeesssab-despyibed Z@ga.W-Athmm regbgsurd o Jhereasavbe diarbmes

t he dep05|t|on anbient used to formthe sub-layers 231-233 may al so
haveld ncl udediant @b tpaie defecgabaauspipsee Uy SouHer perdbn ag3u diShe heefdcidt
and second gaseous precursors 240a, 240b descri bed above.

Fur t her nor gayek DO Gal e PaSACA ¥ BousNesvabdous parameters of the
deposi tion anblents that may be used to formthe sub-layers 231-233
may be adjusted in the sane fashion as was previously used to form

t he sub-layer 230, thereby providing the sub-layers 231-233 with
substantially t nd,conc r. SSi

material . 20 Hokﬁ 1{}%?@ S%Fgm?t?] aﬁ d EI ﬁr@%t gtlsllgig\é Ostg%acondquiI% ggvme of
vari ous par. rs na be adj usted in a dlffe f ashi fromon
sub- | ayer it B8l AeRosBie o ledfobin wld §’Eﬂ‘}ef’5aygﬁs
231-233 with an individually "tuned" anmount and concentration of pass
vati hg nat ehpwn e Haguadl, smpytislromlayas-238yadra highdubiclepirey layer 204 (see

Figure 2¢) may be formed above the interfacial layer 203, an upper portion 203u of
which has been previously exposed to the gaseous treatment ambient 250. In some
embodiments, a first pulse step of the material deposition cycle 240 may create a
deposition ambient that includes a first gaseous precursor 240a, which may be made
20 up of, among other things, a material component of the sub-layer 230 of the high-k
dielectric layer 204 that is to be formed above the interfacial layer 203. For
example, in certain embodiments, the sub-layer 230 may be made up of hafnium

dioxide, in which case the first gaseous precursor 240a may include hafhium




23 As shown in Figure 2c, the sem conductor device 200 nay be
exposed to a further material depositifp cycle 244 so as to forma
sub-layer 234. In the enbodinent illustrated in Figure 2c, the
deposition anbient during the first pulse step of the material
deposition cycle 244 includes a first gaseous precursor 244a, 5
whi ch may be substantially simlar to the first gaseous precursor
2402, e.9. 1 AR OLYM HELTACHLOL 8., 38 REEVOURE Yo dSRETIDEAMI L Do,
respect to the Su flayergbg . wevrer MURETKENT FE et & Al deposition
cycle 240, in qu Qgpodinents, a second gaseous precursor - e.g.,
conpri si ng &Y U°tPB1 e passi vating material - is not used during the
mat eri al deposition cycle 244. Accordingly, the sub-layer 234 of the
high-k 10 dielectric |ayer 204 (see Figure 2e) nay be forned
substantially without the presence of any passivating material, other
than any minor Fedhauale,on at tasesanoanbodinattspilghdeppnady entbemt Ithat is
remain in the reactor chanber after the second purge step of any
previsous mafegict alurthePsi firkoPuley GlepSof fHdr bRriMDAEosildh| & cfe0B40 may be
sub-layers 230- 234 are shown in Figure 2c that include an anmount of
passi vati ng, aBiQ b ﬁll@iude_ta s‘%@&ﬂlﬂil Hiseckr pﬁ&uf’sﬂpﬁrﬁﬁi afiRbet Rtoabd¥us precursor

illustration is schematic only, as the nunber of sub-layers that my
be formed wjt;h unt _of passivating erial,.e.q., Sysin

corbi nat 1 of 1 1P, &R Boud BRR ABlubhe TRAEH sty tidfa Pt
required by the specific device and/or material requjrenents. :
20Fi gure 2 UQHeHH I {paj (408 P B Ha e s AL B tts SEH9E of
Figure 2c in a further advance manufacturing stage, after additional
mat eri al d8pogibtlpon BPcdiemedhe nipécral Depesaicws aychaye). b éie aeyren filbwstiat ve
and additi onal sub-layers 235 and 236 have been fornmed above the
sub-lbayer 23BodiAgnwl thie tdrend ghsdoay @rec2iddr 26he madbé indindlen Stifinbidgee bs
235, 236 nmay al so be formed in a deposition 24

hydrogen tetrafluoride, when, for example, the passivating material comprises
flucrine. In other illustrative embodiments, the second gaseous precursor 240b may
be substantially the same as the gaseous freatment ambient 250 as described with

respect to Figure 2a above.

15
During the first pulse step of the material deposition cycle 240, the amount
and concentration of the passivating material that is incorporated into the sub-layer
230 may be effectively controlied by “tuﬁing,” or adjusting, one or more of the
various parameters of the deposition ambient that is made up of the combination of
20 first and second gaseous precursors 240a, 240b. For example, as previously

described, in certain embodiments, the reaction temperature — which may include,
among other things, the temperature of the reactor chamber, the surface temperature
of the semiconductor device 200 and/or the temperatures of the first and second

gaseous precursors 240a, 240b — may be controllably adjusted so as to obtain the




anbi ent that does not include a second gaseous precursor, i.e.,
substantially without a specifically c$ﬁtrolled anount of passivating
material. Thereafter, as shown in Figufre a sub-layer 237 may be
formed during a further material deposition cycle 247 of the ALD, and
whi ch may al so include a controll ed anbunt of passivating 5

mat eri al . Accordingly, the deposition anmbient used during the first

pul se step,of the materia on c cle.247 may

"ncl ude boflﬁb“édf FodaEhioBond TRRRGUPEorS5HHS if dfy b Riis Tl ot
mat eri al ggonent of the high-k dielectric Ia er 204 and a second
gaseous pr EElPEBEnB s FEactyr yll%%tr?brnl%sPW§ By Q‘E)ﬁPB‘ﬁPiléTPB paeged v ithy
material), as previously described. Furthernore, the amount and 10
concentratp@ﬁbmﬁdﬂaéblthWﬁgﬁdﬁv@ﬂW8$Ofﬁatﬁwédh%@@%ﬁ@nﬁ@@ﬂmunﬁ@uﬁh%
sub-layer 237 may be "tuned"” to be the sane as, or different than,

t hat of thedGub4baymrys alB@O)em;roH&i.dé.d;@'cd)\lme,dthabmmc&mt g wopceB@ation of
schematically depicts the sem conductor device 200 after 15

conplseti on ﬁ@‘sn&mﬁé AlaRriar 0Cc@s SubIier e3mnaR beldbusiddaty ManeXawplagjefing

conpl eted high-k dielectric layer 204 nmade up of sub-layers 230 239
has been fgr BARAYE S A J(E-Te] sem conduct or
| ayer 202. & ﬁomﬁ(1ﬁ; ﬁ:ﬁ?&@ $é9(ﬁépéﬁgﬁé?@gﬁﬁ%gmﬁﬁ%ﬁ-k dielectric
| ayer 204 of the present enbodlnent includes three illustrative
sub-regi ons 204a, 204b and 204e, wherein the presence and/or the
anount of paSS|vat| terlal y.vary from sub-region_to

sub-regi on. For VB legﬁacv@gf?e@wtszma%}@f%la@%Be\aﬁ%e %%Of Higupes2b

230- 233, each of which contain a controlled amount of passivating
mat eri al , wherasldgionabmasgibdepouionicyclrndé thepAbD matesk ayer be pafornBe,
none of mhlch contain a controlled anmount of passivating material.
Fur tilber nor eherddy Brhimgt the sidiiorapkanlal04a03 1t IP82sana- Py enls (B3 THABAt of
the 25 sub-region 204c also contain a controlled anmount of

passi vat i ngmBBdiRfchabt FIMAFERY @lo sifth8y&DYNL39 mAARISH Yl%ltﬁ&%l%ﬁéﬂl%e
incorporated into the various sub-layers of naterla need not

tant, |, d . w“ .
It shoul d g‘)ﬁﬁfﬁ PRty O DG 10 sl el RRRL SEATS b&%aasie
2 h trat th
materi ol oraradrertioebed snihPofBiehus B adbiShod ARYNARRT Bdracs ce
to devi ce. QPgFover mhlle‘ﬁnly ten sub-layers (i.e., sub-layers
230-239) af éf@ﬁégé éépl}a}y %)plpzezﬁ aerlyged Igmllée? £asepus Precursors, such as

15 the first and second gasecous precursors 240a, 240b described above. Furthermore,
in certain embodiments, the various parameters of the deposition ambients thal may
be used to form the sub-layers 231-233 may be adjusted in the same fashion as was
previously used to form the sub-layer 230, thereby providing the sub-layers 231-233
with substantially the same amount and concentration of passivating material,

20 However, in other embodiments, one or morc of the various parameters may be
adjusted in a different fashion from one sub-layer to the next so as to provide one or
more of the sub-layers 231-233 with an individually “tuned” amount and

conceniration of passivating material that may vary from sub-layer to sub-layer,




10 should be appreciated that the total number of sub-layers both in
the high-k dielectric | ayer 204 and in,each of the sub-regi ons 204a-c
may vary significantly, and in many enbodi ment s may be substantially
greater, such as dozens or even hundreds of sub-layers. 15After
conpletion of the high-k dielectric |ayer 204, further device
processing may continue, e.g., by formng a netal gate el ectrode
material |ayer (not sho . made. up of onpe_or, nor f the previopusly
Goscr i bed war k- fanbeRBan mster pe e SebsoBEiE gh R0 b B Pirosed By,
204. 20Fi gures 3a-3e schematically depict another illustrative

embodi nent [WHhet Healpid seopyion @¢lodd sPethit dods 2 weterh Bhe Warthous
steps previously described with respect to Figures 2a-2e above may be
performed Pmbediggbkilhwuitad liy Faiié 2¢.ehe depentahl asbiguedaels thedirst pulse
Figure 3a schematically illustrates a sem conductor device 300 that
i's siml ar stiep offalxy nragsjpe dtsosttont hels2d aehdige oirsdgasecss R@Guwredr FHagur e
2a. However, as shown in Figure 3a, an initial sub-layer 330 nay be
formad abowgidihgay B ak@giidly Jiaver o3RSk bidods FePashtion AsbhaRtum
during a first pulse step of a material deposition cycle 5 340 that

i ncludes a.,f| . . A, - dq ) kN d .
second gassoanei eI AU S Abe SR rostith SRS sPBv LB BoRousyy
is formed usi.ng.a first gaseous pre sor 340a that i.s made up of a
mater o cOnpOemR et BRRREHT kR ErhaBrsobit GyleP Pttt TR Gt
3e), but w thout including any controlled anpbunts of passivating

mat eri al . PAYFYIRGr Ttﬁ-#s’e,Coaﬂ’éil?“tngdh%‘l'tahlﬁtpé?%l‘éﬂ““&é%%‘i‘ac] iofi "ef/é?re@é‘”ﬁ‘ﬁ? thi
10 performed so as to formthe additional sub-layers 331-333, as
shown i n Fingtsriel 3lgpoditons eiee etdodi Mmatdinglyhéhedepobivei a4 arfbitenhighded
to formthe sub-layers 331-333 may only include the first gaseous
predyr sor, dicleetric Wyeh@ (dee Sigaerid) gasedus fpnedussenntdipriigiong thhe
passivating material, so that the sub-layers 331-33 al so may not

include a gRRtTRlE Gy BARHALnS haRARS VRl G B BhbRlesidual or trace amount
that might inadvertently remain in the reactor chamber after the second purge siep of

any previous material deposition cycles. Furthermore, while four sub-layers 230-

234 are shown in Figure 2¢ that include an amount of passivating material, it should

15 be appreciated that this illustration is schematic only, as the number of sub-layers

that may be formed with an amount of passivating material, e.g., by using a

combination of first and second gaseous precursors, may be varied as required by

the specific device and/or material requirements.

20 Figure 2d schematically illustrates the semiconductor device 200 of
Figure 2¢ in a further advance manufacturing stage, aller additional material
deposition cycles of the ALD process have been performed, and additional sub-
layers 235 and 236 have been formed above the sub-layer 234, As witlh the sub-

layer 234, the additional sub-layers 235, 236 may also be formed in a deposition




15 As shown in Figure 3b, the sem conductor device 300 may
thereafter be exposed to a gaseous tre& ment anbi ent 350 nmade up of a
suitabl e passivating material (e.g., sfmlar to the gaseous treatnent
anbi ent 250 of Figure 2a described above) so as to passivate point
defects that may be present at or near the surface 20 333s of the
sub-layer 333. During exposure to the gaseous treatnent anbient 350,
point defects.that are present in an,upper portion, 333y of .the .

Bobr ayer - 2ubisigas BopuBl i S0 BhRSlumiitcrd pats gl Swithou
Figure 3e schematically illustrates the sem conductor device of _

Fi gure 3b ianspacifigalinepntgdied newyns phgessorting engtgrpl pridessbici e dhown fisr m
the high-k dielectric |ayer 304 (see Figure 3e), wherein the ALD
process i s lcgnt Lduesibbpy@eBf onay ingfoampditienigd hddwosiatdriehdeppeitien 84det o
formthe sub-layer 334. As shown in Figure 3c, the 5 deposition

anbi ent used7tw thenhD, hedswbich ayer aldd4ndiwde & nohwdrdbotduna of ipasivating
gaseous precursor 344a (nmade up of a material conponent of the high-k
di el ectric ymnéill alcordaN@y (1Re&PB6 0RSRBHS Qé’e@QMFiﬁ?Ehc%@bpkﬁﬁEﬁﬁéb sk f
a passivating material), thereby formng the sub-Tayer 334 with a
controlled ngzﬁ'ﬂﬁ'tde é81ﬁ§1§ %?/(\fl@tiﬁﬂgnﬁgti%r hl%hiﬁeéfstogrll%}ﬂcigq%t d?ﬁg&? rgd%g)%lb S

t he anopunt concentratron of t passivating materi a

incorporated into_the sub-layer 334 may, be effectively, adj.usted by
Contror 1 | nd R otee et Hatetkouer el (b aERAEE 4
deposition anbient during the first pulse step of the material )
deposi t i on 28§t 1a8d 3a43ecmib LasFOME r PICE SEh WP | (B 4Fi SRS daPRIPBHAE
sub-layers 335 and 336 nay 15 also be fornmed with a controlled
anount of passiaiagi mgicrabers girepyudy i ddsgiieg. bdtutharfidre s theapdioseic and
gaseous precursor, such as the first and second gaseous precursors

344a1(and 344hccngetod o faesitaitpanatlalliByes inddporad G athe ShOWMYyel P3Fingyr e
3d, a further sub-layer 337 may be forned above the sub-I|ayers

330- 336 dunyeng,Rq R 8L iRl sﬁ?@Qs%;o&i&ﬂt%m@aﬁcdhgn,%ﬁ HapeduLyRrJEResiY 19N

anbi ent that includes only the firs

described above.

Figure 2e  schematically depicts the semiconductor device 200 afler

15 completion of the ALD process, wherein an illustrative example of a completed
high-k dielectric Tayer 204 made up ol sub-layers 230-239 has been formed above

the interfacial layer 203 and the semiconductor layer 202. As shown in Figure 2e,

the illustrative high-k dielectric layer 204 of the present embodiment includes three
illustrative sub-regions 204a, 204b and 204¢, wherein the presence and/or the

20 amount of passivating material may vary from sub-region to sub-region. For
example, sub-region 204a is made up of sub-layers 230-233, each of which contain a
controlled amount of passivating material, whereas sub-region 204b is made up of
sub-layers 234-236, none of which contain a controlled amount of passivating

material. Furthermore, as with the sub-region 204a, the sub-layers 237-239 of the




20 gaseous precursor 346a, i.e., wthout a second gaseous precursor,
so that the sub-layer 337 does not |ncI$de a specifically controlled
anount of passivating material, as previously described. 28

Figure 3e schematically depicts the illustrative sem conductor device
300 after conpletion of the ALD process, wherein a conpl eted high-k
dielectric layer 304 has been formed above the interfacial |ayer 303

and the sem gconduct erial layer 30 reV| usI t ed

Speci f1c. maHbarEitiadder Ahgeriaeiion caniloreust o HORS glipi Sk,
e.g., the sub-layers 330-338, is for illustrative purposes only, as
the actual Mowher, dfc supultayiepassivaiaie maierpb incomersted inte the vaiplesub-
hi gh-k dielectric |ayer 304 may vary significantly, depending on, for
exanpl e, t Haeyespetinfataid yped obt hé ghakanmtlérough shblatmayale be wusedy sbime
desired total thickness and so forth. Further device processing may
then conti ngpliasiops.evi ously described, e.g., by depositing one 10or
nore nmetal gate electrode material |ayers above the high-k dielectric
| ayers 304. Figures 4 and 5 schematically illustrate enbodi nments
of the present disclosure wherein different sub-layer arrangenents
may be used to f h i r,

shown in the seé?%%%%ﬁ??o#ggmbogtﬁiggé &ﬁmh@%@%ncf@kg%ﬁ% ure,gzil%SZSIS
illustrative h| 4 may, be

i tornact ngcticaler bRy S Tiag G Biher ST 3ot pBhasterisisa b
sub-1layers having a controlled anpunt of passivating material may be
sandwi ched d98tswele Aubaajeiefnax M%ﬂ%‘%r‘@"lcﬁé@ dgyigef donsevani Whémonky ten
controll ed anobunt of passivating material. Mre specifically, in
certain il lsubiinats Ve embobiyasni®)-21%N ewrs ushé¢mytenly ABD|ctedl3 Ry 1484s 24,318
20 and 438 may be fornmed during material deposition cycles that
utili@e a dapgdi bd app@diaiednthat hid hial baseer ol yibafyeds fhotistin gAs aoutsk
precursor, whereas the alternating sub-layers 431, 433, 435, 437 and
438 may bec{) E&E&ii 1@94 And 8RR bOMANBLENLNS BEda-b A%y RREN siFRMichied

to include oth the first gaseous precursor and a second gaseous

%gﬂj Ir iﬁ;:u |?S} 1{1%@311)1 efBodi 1%118%1'&)‘? e R S[Eslllt'[}{a Eflgﬂgdtgia tsﬁch as dozens or even

hundreds of sub-layers.

15 After completion of the high-k dielectric layer 204, further device processing
may continue, e.g., by forming a metal gate electrode material layer (not shown),
made up of one or more of the previously described work-function materials, above

the high-k diclectric layer 204.

20 Figures 3a-3e schematically depict another illustrative embodiment of the
presently disclosed techniques, wherein the various steps previously described with
respect to Figures 2a-2¢ above may be performed in a substantially different overall

scqueince,



29 interfacial |ayer 403 may be exposed to a gaseous treat nent

anbi ent that al so conprises an appropr%$te passivating material, so
that point defects that m ght be prese in an upper portion 403u of
the interfacial |ayer 403 nmay al so be passivated prior to performng
an atom c | ayer deposition process to formthe high-k dielectric 5
| ayer 404. |t should be also be appreciated that any one or nore of
the sub-layers 430-4 a i vidu

| ayers, as may BEFGHLITE 18%M@yﬂkyH@u%lgﬁaﬁ@%wﬂﬁv&?%@‘ S ooy it
process. Furthernore, as depicted by the |IIustrat|ve senlconductor
devi ce 5001sHaWAICsRErts o U gw*émaimt%ée‘fw 300 aleligpig 2as fhp g ag shawey
sub-l ayers 530-535, of the high-k dielectric |layer 504 may all be
formed dur im@igmaﬁtbm paliniddpobiltyend3e yoiyds ofmedalavd the ovessial tyer 303
utilize a deposition anbi ent based on a conbi nation of first and
second gasesiug apiepositis® Bmbidnt duringvh tiisiapidgesaep bl alhateidniepalili@dcycle
anount and concentration of passivating material incorporated

therain. Theg eaditigtind@f & 8lrstfpAesisr gdedriiit 3:a)a, Lt akhess m&l@d@%bsc@ﬁd
the high-k dielectric | ayer %04 has been formed, the use of the

second gas gg%&d’@%&‘d’éépr 1”??%%1%01‘3%%%9@%%&%% la%,? 3;33% R "SR NERY

t hi ckness ayers orne subst ntlaIIy
wi t hout a control passi va

of the abostrabeeithisa SHf 4Bt i aRRE LIS TR bRuporkh Petad SR

t echni ques are dlsclosed for aSS|vat|nF poi nt defects tg é may be

formed in SeHCHH:- RYYi O degeriigiE agh PubY NG dRPetag PRgeatghe fl%lt"iﬂﬁ@f
material into the high-k dielectric |layer during the materi al

deposi ti onppsbeess nRgetidher mihermetsc haditjoms ragteriad| daposition cycles may be

10 performed so as to form the additional sub-layers 331-333, as shown in Figure 3b.

In some embodiments, the deposition ambient used to form the sub-layers 331-333

may only include the first gaseous precursor, ie., without the second gaseous

precursor comprising the passivaling material, so that the sub-layers 331-33 also

may not include a controlled amount of passivating material.

15
As shown in Figure 3b, the semiconductor device 300 may thereafter be
exposed to a gaseous treatment ambient 350 made up of a suitable passivating
material (e.g., similar to the gaseous treatment ambient 250 of Figure 2a described
above) so as to passivate point defects that may be present at or near the swrface
20 333s of the sub-layer 333. During exposure to the gaseous treatment ambient 350,

point defects that are present in an upper portion 333u of the sub-layer 333 may be

passivated as previously described.




30 disclosed for passivating point defects that may be present at or
near the interface of the high-k dielegiric |ayer and an underlying
interfacial layer. Additionally, it should be appreciated that the
above-descri bed techniques 5 may be incorporated into various
different integration schenes that may commonly be used for formng
hi gh-1dnetal gate el ectrode structures. For exanple, any of these

t echni ques may be ut;
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netal gate electrode material. The particul ar enbodi nents
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herei n. For

or more of the various parameters used to create the deposition ambient during the

first pulse step of the material deposition cycle 344.

Thereafter, as shown in Figure 3d, additional sub-layers 335 and 336 may

15 also be formed with a controlled amount of passivating material by utilizing both a
first and second gaseous precursor, such as the first and second gaseous precursors

344a and 344b used to form the sub-layer 334. Also as shown in Figure 3d, a

further sub-layer 337 may be formed above the sub-layers 330-336 during a material
deposition cycle 346 based on a deposition ambient that includes only the first

20 gascous precursor 346a, i.e., without a second gaseous precursor, so that the sub-
layer 337 does not include a specifically controlled amount of passivating material,

as previously described.




31 exanple, the process steps set forth above nmay be perforned in a
different order. Furthernore, no limtations are intended to the
details of construction or design here shown, other than as
described in the clains below. It is therefore evident that the
particul ar enbodi nents di scl osed above may be altered or nodified and
all 5such variations are considered within the scope and spirit of

e, e on | 46680 1R Bl TR R B
met hod, conprisin S5performng a plurallty of material deposition
cycles to fi {6y o4n 1,%1 Rt the ALD process, wherein’a completed high-k diclectric layer
304 has been formed above the interfacial layer 303 and the semiconductor material

layer 302. As previously noted, the specific number and arrangement of sub-layers

5 shown in Figure 3e, e.g., the sub-layers 330-338, is for illustrative purposes only, as

the actual number of sub-layers that may be required to form the high-k dielectric

layer 304 may vary significantly, depending on, for example, the specific type of

high-k material that may be used, the desired total thickness and so forth. Further

device processing may then continue as previously described, e.g., by depositing one

10 or more metal gate electrode material layers above the high-k dielectric layer 304.

Figures 4 and 5 schematically illustrate embodiments of the present
disclosure wherein different sub-layer arrangements may be used to form the high-k
dielectric layer. For example, as shown in the semiconductor device 400 depicted in

15 Figure 4, an illustrative high-k dielectric layer 404 may be made up of alternating
sub-layers (or alternating groups of sub-layers), wherein sub-layers having a
controlled amount of passivating material may be sandwiched between adjacent sub-
layers that are formed without a controlled amount of passivating material. More
specifically, in certain illustrative embodiments, the sub-layers 430, 432, 434, 436

20 and 438 may be formed during material deposition cycles that utilize a deposition
ambient that is based only on a first gaseous precursor, whereas the alternating sub-
layers 431, 433, 435, 437 and 438 may be formed using a deposition ambient that
has been modified to include both the first gaseous precursor and a second gaseous

precursor made up of an appropriate passivating material.  Additionally, the




dielectric |ayer above a sem conductor material |ayer; and

I ntroduci ng a passivating materi al int%)a gaseous precursor that is
used for formng said high-k dielectriT |ayer during at |east one of
said plurality of material deposition cycles. 10 2. The net hod
of claim1l, wherein each of said plurality of material deposition
cycles is a self-liniting deposition cycle of an atomc |ayer

deposi tion furthe

forming anHEGHR ey dr Arag ey Bho0e 2 G €aebhn bRt JGRam *F’aw e
and formng said high-k djelectric¢ |ayer, above said interfacia
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of said 20 interfacial layer to a gaseous treatnent ambient prior to
per f or mi ng pepseitii g abpeneriodn 43Fucbiphe ragriol dfyemab e miaglalddpasistivaed
cycl es, said gaseous treatnent anbient conprising said passivating
mat eri al . p83&r to performing an atomic layer deposition process to form the high-k dielectric

5 layer 404. It should be also be appreciated that any one or more of the sub-layers

430-439 may be made up of a plurality of individual layers, as may be required by

the parameters of the specific ALD process.

Furthermote, as depicted by the illustrative semiconductor device 500 shown

10 in Figure 5, the first several sub-layers, e.g., sub-layers 530-535, of the high-k
dielectric layer 504 may all be formed during material deposition cycles of an ALD

process that utilize a deposition ambient based on a combination of first and second

gaseous precursors, /.., with a specifically controlled amount and concentration of
passivating material incorporated therein. Thereafier, after a desired initial thickness

15 5041 of the high-k dielectric layer 504 has been formed, the use of the second
gaseous precursor may be discontinued, so that the remaining thickness 504r (e. g,
sub-layers 536-538) may be formed substantially without a controlled amount of

passivating material,

20 As a result of the above-described subject matter, several illustrative
techniques are disclosed [or passivating point defects that may be formed in a high-k
dielectric layer by incorporating a passivating material into the high-k dielectric

layer during the material deposition process. Furthermore, techniques are also




The nethod of claim 1, wherein said passivating material conprises
one of fluorine and chlorine. 6. A netg@ conprising: 5formng a
| ayer of high-k dielectric nmateri al e a sem conductor |ayer of a
sem conductor device by perform ng an atom c | ayer deposition process
conprising a plurality of self-limting deposition cycles, wherein
perform ng each of said pIuraIity of self-liniting deposi tion cycles
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anbi ent conpr|5|n% aflo a first gaseous precursor, said first
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hi gh-k dielectric material; and nodifying said deposition anbi ent
during at | east one of sai d plurality of 15 self-limting deposition
cycles to conprise a flow of a second gaseous precursor, said second
gaseous precur sadienplily,si REoad pasppraidagihratier tlve-déscribbé teahihheds of
claim6, further conprising, during said atom c |ayer 20deposition

process, | Hh?@e%?&dﬁ&a&@'1gt0f\la95Wu§)Hif§?éu@l ifibg dg%ﬁmﬁ?c%@ﬁ@&lﬁf %’}}rc%ﬁlrm(ﬁmj

exposing a sdrface of | east one of sai d sub-layers of said |ayer

of high-k geq ch’ lforllt%ugﬁ%eﬁl'éﬁ k/m&alaé“gg %?G%H%det LERN RN P%?%xam;gle, any of

COI'TpI’I Si ng Sal secon

these techniques may be utilized with a gate-first scheme, wherein the gate electrode
material stack, including the high-k dielectric layer and the metal gate material, may
be formed above a semiconductor material layer prior to performing gate patterning
10 activities. Additionally, the disclosed techniques may also be used in conjunction
with a gate-last, or replacement gate, scheme, wherein a dummy gate clectrode
material stack is formed, a dummy gate structure is patterned, then the dummy gate
structure is removed and replaced with a suitable HK/MG gate structure, including
the high-k pate dielectric layer and metal gate electrode. Furthermore, the above-
15 described methods may also be used with a so-called “hybrid” replacement gate
technique, in which the initially formed gate electrode material stack includes the
desired high-k diclectric layer as well as a dummy gate clectrode material layer (e.g.,
polysilicon), which is them patterned to form a dummy gate electrode, wherein,
however, only the dummy gate electrode is removed with respect to the high-k gate

20 dielectric layer, and replaced with an appropriate metal gate electrode material,

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



34 8. The method of claim®6, further conprising nodifying said
deposition anbient during an initial one of said plurality of
self-limting deposition cycles. 19 The nmethod of claim®6
further conprising nodifying said deposition 5anbient after
performng an initial one of said plurality of self-limting
deposition cycles. 10. The method of claim®6, further

conprising alternatingly formng first and eco su -Iay r.OuURs,
Wherei i oscRBeadt dris pehner Sachalo wipty Bartgratpl YfTuiiSes
at | east one sub-layer, wherein each sub-I|ayer of sald first

sub- | ayer §pghgimiose, fr6>r Hedatigisng e saieadsb i ficedeleibpes FersgnctstPedesignand
wherei n each sub-layer of said second sub-|ayer group is forned

wi t hout ushagissiodvipodicf itiea defposilicdan therblagng below. It is therefore evident

that the particular embodiments disclosed above may be altered or moditied and all
5 such variations are considered within the scope and spirit of the invention.

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

2.

A method, comprising:
performing a plurality of material deposition cycles to form a high-k
dielectric layer above a semiconductor material layer; and
introducing a passivating material into a gaseous precursor that is used
for forming said high-k dielectric layer during at least one of said plurality of

material deposition cycles.

The method of claim 1, further comprising forming an interfacial layer above

said semiconductor material layer and forming said high-k dielectric layer above said

interfacial layer.

3.

The method of claim 2, further comprising exposing a surface of said

interfacial layer to a gaseous treatment ambient prior to performing an initial one of

said plurality of material deposition cycles, said gaseous treatment ambient

comprising said passivating material.

4.

The method of claim 1, wherein said passivating material comprises one of

fluorine and chlorine.

A method, comprising:

forming a layer of high-k dielectric material above a semiconductor layer
of a semiconductor device by performing an atomic layer deposition process
comprising a plurality of self-limiting deposition cycles, wherein performing
each of said plurality of self-limiting deposition cycles comprises forming a sub-
layer of said layer of high-k dielectric material by exposing said semiconductor
device to a deposition ambient comprising a flow of a first gaseous precursor,
said first gaseous precursor comprising a material component of said layer of
high-k dielectric material; and

modifying said deposition ambient during at least one of said plurality of
self-limiting deposition cycles to comprise a flow of a second gaseous precursor,

said second gaseous precursor comprising a passivating material.
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6. The method of claim 5, further comprising, during said atomic layer deposition
process, interrupting said flow of said first gaseous precursor and exposing a surface
of at least one of said sub-layers of said layer of high-k dielectric material to a gaseous

treatment ambient comprising said second gaseous precursor.

7. The method of claim 5, further comprising modifying said deposition ambient

during an initial one of said plurality of self-limiting deposition cycles.

8. The method of claim 5, further comprising modifying said deposition ambient

after performing an initial one of said plurality of self-limiting deposition cycles.

9. The method of claim 5, further comprising alternatingly forming first and
second sub-layer groups, wherein each of said first and second sub-layer groups
comprises at least one sub-layer, wherein each sub-layer of said first sub-layer group
is formed using said modified deposition ambient, and wherein each sub-layer of said

second sub-layer group is formed without using said modified deposition ambient.

10. The method of claim 5, further comprising forming an interfacial layer above
said semiconductor layer and forming said layer of high-k dielectric material above

said interfacial layer.

11. The method of claim 10, further comprising exposing a surface of said
interfacial layer to a gaseous treatment ambient prior to forming said layer of high-k
dielectric material, said gaseous treatment ambient comprising said second gaseous

precursor.

12. The method of claim 5, wherein said high-k dielectric material comprises

hafnium dioxide and said first gaseous precursor comprises hafnium tetrachloride.

13. The method of claim 5, wherein said passivating material comprises one of

fluorine and chlorine.
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14. The method of claim 5, wherein said passivating material comprises fluorine
and said second gaseous precursor comprises one of nitrogen trifluoride and hydrogen

tetrafluoride.

15. The method of claim 5, wherein modifying said deposition ambient during said
at least one of said plurality of self-limiting deposition cycles comprises controlling an
amount of said passivating material that is incorporated into said layer of high-k
dielectric material by adjusting at least one process parameter of said modified

deposition ambient.

16. The method of claim 15, wherein adjusting said at least one process parameter
of said modified deposition ambient comprises adjusting at least one of a reaction
temperature, chamber pressure, flow rate of said first gaseous precursor, and flow rate

of said second gaseous precursor.

17. A method, comprising:
forming an interfacial layer above a semiconductor layer of a
semiconductor device;
performing an atomic layer deposition process to deposit a high-k
dielectric layer above said interfacial layer, wherein performing said atomic
layer deposition process comprises exposing said semiconductor device to a
first gaseous precursor;
incorporating a passivating material into said high-k dielectric layer,
wherein incorporating said passivating material comprises combining a second
gaseous precursor with said first gaseous precursor during at least one
deposition cycle of said atomic layer deposition process; and
controlling an amount of said passivating material that is incorporated
into said high-k dielectric layer, wherein controlling said amount comprises
adjusting at least one of a reaction temperature, chamber pressure, flow rate of
said first gaseous precursor, and flow rate of said second gaseous precursor

during said at least one deposition cycle.
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18. The method of claim 17, wherein said high-k dielectric layer comprises

hafnium dioxide and said first gaseous precursor comprises hafnium tetrachloride.

19.  The method of claim 17, wherein said passivating material comprises fluorine
and said second gaseous precursor comprises one of nitrogen trifluoride and hydrogen

tetrachloride.

20. The method of claim 17, further comprising forming a metal gate electrode

material layer above said high-k dielectric layer.

21. The method of claim 1, wherein performing each of said plurality of material

deposition cycles comprises performing a plurality of sequential pulse/purge steps.

22. The method of claim 21, wherein performing said plurality of sequential
pulse/purge steps comprises:
performing a first pulse step in a reaction chamber to expose a surface
where said high-k dielectric layer is being formed to said gaseous precursor,
wherein a first material sub-layer is formed above said surface during said first
pulse step;
after performing said first pulse step, performing a first purge step to
remove at least reaction by products from said reaction chamber;
after performing said first purge step, performing a second pulse to
introduce an oxidant into said reaction chamber; and
after performing said second pulse step, performing a second purge

step to remove said oxidant from said reaction chamber.

23. A semiconductor device comprising a semiconductor material layer, formed by

a method in accordance with any one of the claims 1 to 16.

24, A semiconductor device comprising a semiconductor layer, formed by a

method in accordance with any one of the claims 17 to 22.





