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WD 2004/ 084311 PCT/ US2003/ 040688 A METHOD FOR MAKI NG

A SEM CONDUCTOR DEVI CE HAVI NG A HI GH K GATE DI ELECTRI C
wo-baaDs43Ft THE | NVENTI ON 5 The present inventi OPCT/@BBD&E640688

to met hods for nmaking sem conductor devices, in

particul ar, sem conductor devices that include high-k

gate dielectric layers. BACKGROUND OF THE | NVENTI ON

MOS fi el dAeMEHOD RAR MAKNG ASEMEGONINETAR i con

di oxi de bREVIGRHAVING AcHKEHK EATRPIELESTRIG e

unaccept abl e gate | eakage currents. Form ng the gate
FIEADeDECTHIE ¢NVENTION t ai n high-k dielectric material s,

i nstead of silicon dioxide, can reduce gate |eakage.

SucthegpdisehERlvEhfiorTRatdtlte nASHBYE for @S?i@@'@é@ﬁib@h@u%t‘ h

polysilicon -- the preferred nmateri al maki ng t

| e S . high-k. film . .

oV, R OGaF SHREONTiiar doviBel el itk bights Bape. gteotrc

15 at random surface sites. Wien the device's gate
layePect r ode comprises polysilicon, a silicide may form

where such vacanci es occur. The silicide' s presence
BAGKGRQUNE OFhEHE| INVENHON; wor kf unction or cause the

device to short through the dielectric. Accordingly,

t héWi@Si field-effeetitrénsistons withrveve thipsidicen gidxide trakeédgate

20 sem conduct or device that includes a high-k gate

dieldtieke etdy Experiteice uracBeprBib At leakadl SuPEREe Forklidy the gate
elimnates (or at |least mnimzes) silicide formation,

celBBER BB RSB BRS040l & B, car
redl%t@%%}%géﬁ%]q%zogggﬁ %Coeigl?a'ctr% n\wl\gy r2189 ﬂo(\)/\?ed{/?é%,lbe compatible with

polysilicon -- the preferred material for making the device's gate electrode.

If such a high-k film comprises an oxide, it may manifest oxygen vacancies
at random surface sites. When the device’s gate electrode comprises polysilicon,
a silicide may form where such vacancies occur. The silicide’s presence may
alter the electrode’s workfunction or cause the device to short through the
dielectric.

Accordingly, there is a need for an improved process for making a
semiconductor device that includes a high-k gate dielectric. There is a need for
such a process that eliminates (or at least minimizes) silicide formation, when a
polysilicon gate electrode is formed on the high-k film. The method of the present

invention provides such a process.
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BRI EF DESCRI PTI ON OF THE DRAWNGS Figures 1 a-1 d
represent cross-sections of structures that may be

wo eoomeght3itivhen carrying out an enbodi nent of t hEBCTES1008040688
of the present invention. Features shown in these
figures are not intended to be drawn to scale. 5
DETAI LED DESCRI PTION OF THE PRESENT | NVENTI ON A net hod

DS RGTEON L) ! ING®i ce is described. That

nmet hod conpri ses form ng on a substrate a high-k gate

di Eigres ile-1dgepresertamosssattiunsaf straphirag thatyaay de folmed

hi gh-k gate dielectric layer. After oxidizing the

whe%acﬁmm%bamﬁ entodirfEnt & tharpéihed bf ehe pEddeht MiehEionn
t he gate dielectric Iayer a gate 10 el ectrode

FeaP{ij% %HB‘V?/H iR %é§éefl Q'a‘?@ n@t ﬁ\' gé%Yn {stdls.

oW ng descrip s are set

skllled in the art hovvever th t the nventlon

be APMEEQCCion Making AysaRIGRNAH T Vig s desicd bedprle J@r%{ethod

descri bed here. The invention is thus not limted by
conpiiees fieraning ondesubhsteatdiashipbdeghipaligiactriciayer, dren forming a

enbodi nent of the nethod of the present invention,
cappinghayergsat the ligklkegdteidicleatyierayer0 Afterfaxidizidgdhe capping layer

substrate 100, as shown in figure 1 a. Substrate 100

to dePrV a %ﬁﬂﬁhbscﬁel@cmé;' &idé bh Qﬁé‘ hth R gbté@i@’rélﬂ'lé RSt ghte

substructlire. Alternatively, strate 100 may
elec‘fr%ﬁigrl’s ?ﬁnﬂa‘cﬁ?ﬁ tﬁ'@fzgﬂéblﬁb %lelectwg o%lﬁe”q}értﬁ% rf]gﬁc}r(n/vlﬂg td&lgg%)tlon, a

| . .

nun i P ARAS 258 et (AL RiRVEe 2 &dréﬁ‘gﬁﬂuﬁés Db 5 oh B Bsent
Al t hough several exanmples of materials from which

invesiipt fiayd beoappatgnbie hopasbilles  iheoaer hoyeverethet taginvention

material that may serve as a foundati on upon which a
maysiesrpcantidad im matgwvags otingr iearbtniose expléssiywdesinbadiegere. The
spirit and scope of the present invention. 2
invention is thus not limited by the specific details disclosed below.

In an embodiment of the method of the present invention, high-k gate
dielectric layer 110 is formed on substrate 100, as shown in figure 1a. Substraie
100 may comprise a bulk silicon or silicon-on-insulator substructure. Alternatively,
substrate 100 may comprise other materials -- which may or may not be combined
with silicon -- such as: germanium, indium antimonide, lead telluride, indium
arsenide, indium phosphide, gallium arsenide, or gallium antimonide. Although
several examples of materials from which substrate 100 may be formed are
described here, any material that may serve as a foundation upon which a

semiconductor device may be built falls within the spirit and scope of the present

invention.
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WD 2004/ 084311 PCT/ US2003/ 040688 When substrate 100
conprises a silicon wafer, the wafer nay be cl eaned
whedosngs3ior mi ng hi gh-k gate dielectric |ayer 1BOT/0U82003/640688
surface. To clean the wafer, it may initially be
exposed to a dilute hydrofluoric acid ("HF") solution,
e.g., a 50:1 water to HF solution. The wafer may then
be%\ﬂnmeuba*strata 100 esaprisestapiicommaler, higwatar may e adeaned
a wat er/ H202/ NHAOH sol ution, then to a water/H202/ HC
befarelfotming . highiFhgate timiddti2e Hyided OBl oitsisurtacerayo ckramvihe wafer,
particles and organi c contam nants, and the

it mwtrﬁtrényl%b?éwseaqtﬂadnﬂﬂem)ardfmﬁwcmee“aﬂn §o|utlon e ., a 50:1
contam nants. After that Cleaning treat msnt hi gh

oA o AL YR
oot B3t 14 & waRUb RN § FE?'@Z@&P%M&‘{%W 5 oton.

dielectric constant of silicon dioxide.. Dielectric
The/vgter/HyPo/ i1 saliitipnvaay semaye patticlesand, AETaRlE comgminants,
is at | east about twice that of silicon dioxide, i.e.,
anddhe avaieréid @3/ G sakitiantmaheemoge matalheconmnabtsm 8.
Materials that nmay be used to nmake high-k gate

di glfleetiiataiedried trdatméatf highnk gateddieldeaidliayer $10 intanbe
oxi de, 15 | ant hanum oxi de, zirconi um oxi de, zirconium

fornfdd b SDbShtder00, gbﬁ@iéfﬂgQH%qigure 4§ 3RbakimR 0¥-I|§|I‘?-k dAE ik ctric

Srontlumtltanl m OXI lumtitani um oxid

v AT o M o L n o
dlel%trlké?ﬁﬁaﬁn?sef sficor pokiBL ivElacht: Bidn 120 s AR v ks 2
Al t hough a few exanples of materials that 20 may be
dielegiga consipot hadieaklepsi aboulyjwicertbet af glieprsdioKisisd i. ﬁerae
that |ayer may be made fromother materials that

dielsd@rig eohstané that és getated thakageut Bi dghatlerigtthatimelydst vsed to
| ayer 110 may be formed on substrate 100 using a

mal@mg;ﬁrkt %;é’t@dileldéﬁ?i%'lrﬁdl@db RifAIREh 0Rd6; hafiute BURBhHIoXit
chem cal vapor deposition ("CvD'), |ow pressure CVD,

lantRAn Y E ZitBR0M GRESLitddMurh M) ot 45 um oxide,

tantalum oxide, barium strontium titanium oxide, barium titanium oxide, strontium
titanium oxide, yttrium oxide, aluminum oxide, lead scandium tantalum oxide, and
lead zinc niobate. Particularly preferred are hafnium oxide, zirconium oxide,
titanium oxide, and aluminum oxide. Although a few examples of materials that
may be used to form dielectric layer 110 are described here, that layer may be
made from other materials that serve to reduce gate leakage.

High-k gate dielectric layer 110 may be formed on substrate 100 using a
conventional deposition method, e.g., a conventional chemical vapor deposition
(“CVD"), low pressure CVD, or physical vapor deposition (“PVD”) process.

Preferably, a conventional atomic layer CVD process is used. In such a process,
3
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25 Preferably, a conventional atom c |ayer CVD process

is used. In such a process, 3 WO 2004/084311
WEDANSB003/ 040688 a netal oxide precursor (ePr/PSA03/040688

metal chloride) and steam nmay be fed at selected flow

rates into a CVD reactor, which is then operated at a

sel ected tenperature and pressure to generate an

a mgtad EisE PRECUFERGH @ Giorit Befal chlasilelcad sfed®tpay berfed at gatected
dielectric |ayer 110. The CVD reactor should be

flowotesinéal al ©ViD reactoghwhich bs fhemnepdratest aiva sélectesl ewiaratiire
t hi ckness. In nost applications, dielectric layer 110

andsitesssrellp deresatehanat@bncdllyosnesBshicpietdtitwken 308siratee! 00
preferably between about 5 angstrons and about 40

andf’dgg%rkfr%y%gi’ - THE Ciﬂﬁ’?éé%ﬁlgsm&%lﬁ 'Bé?&fb?{é%d%ﬁ% Pe?]bﬁbtﬁ to

e 1 nconpat . silicon due
forrp gafE R e Pt AhaeRs T s HBHE RS bR e 110
oncEER e hSh S o8B abRke i P S bepraen abou

with polysilicon, or other naterials that nmay be used
5 angstfoonsrand @bgat 40 eingstremgdhick. cappi ng diel ectric oxi de

may be formed on high-k gate dielectric |layer 110 by

f orAs depasitedphighdk bateedieletricaggsr 110 mayhssingonpatibregwith

that capping layer. 15 Figure 1 b reflects a

pOlyHIRSH-RRED BB REséncH HUSHMER Vakalbies WHERE R $lBcil@Y:edy form. In
115 has been forned on hi'gh-k gate dielectric |ayer

the ?:%eqrr%(r)(# i %@Pfefs%f ﬁl@gﬁﬁ@%%lﬂ% rdf@ﬁ%@h& %x|o?’i§gc.)ré1.]rj§d on high-k

ses silicon, eria
al,um nu e used jinstead. Capping .layer 115
oot plefedtiplayel 3108 s Rder haE e eomRathB N EY Sy sTish car otner
and nore preferably consists of only one or two
matgpalsl thgbmay tmuwbéq ogmi the @ete elecigfebe formed using a
conventional physical vapor deposition process (e.qg.,
by A pappingidjecinie cxiief inag bedivoheay enshigh-ksgatecielecivic layer
another material, onto the surface of high-k gate
110dbetoRfiind 6 daPpRrig 1438 on layer 110, then oxidizing that capping layer.
Figure 1b reflects a cross-section of a structure in which capping layer 115 has
been formed on high-k gate dielectric layer 110. In a preferred embodiment,
capping layer 115 comprises silicon, although other materials, e.g., aluminum,
may be used instead. Capping layer 115 preferably is less than about five
monolayers thick, and more preferably consists of only one or two monolayers.
Capping layer 115 may be formed using a conventional physical vapor deposition
process (e.g., by sputtering one to five monolayers of silicon, or another material,
onto the surface of high-k gate dielectric layer 110).
When high-k gate dielectric layer 110 comprises a metal oxide, oxygen

vacancies --i.e., surface sites where hydroxyl group termination has been

depleted -- may exist. Forming capping layer 115 on layer 110 by sputtering a
4
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When high-k gate dielectric layer 110 conprises a

nmet al oxi de, oxygen vacancies -- i.e., surface sites
wob@res43ydr oxyl group term nation has been 25 PEpU£1003040688

-- may exist. Formng capping |ayer 115 on |ayer 110

by sputtering a 4 WO 2004/084311 PCT/ US2003/ 040688

thin | ayer of silicon onto the surface of |ayer 110
thindayerseftsilicaneonin dne surfaer ef layepd 10 maxhsgturat@cﬁuchmrf@ﬁe sites

may cause a silicide to format all (or at |east nost)
withosilicdro s¢hick mdyacaussi a eiicidede femamp bl (o 4t [eagtemodt) of those

conprises hafniumoxide, then formng a thin |ayer of
surfaiceisttes. Forehapiiitlays 110 campeséahafnivmsoxide; ahe fareising a

to form where 5 oxygen vacancies occur in the hafnium

thané¥éieoff§.1tdan M et o&rafewn%aagé%ﬂquha?aﬁéo%én@@tﬂo% tvhere

dielectric ayer , cappl ng aygr 15 1s
125
oxyaéh e AR AL o2, e
]f ropin l% ars e thltn PrIOt ecﬁl\{a? 1%' ggpping
FIRER SrC@PQH‘tgs e 1 8@ hFQJH‘r&%%H SHER I3y

onS|I|con | ayer is formed on 10 cappi ng dielectric
layezsx1| 1des pxBlizeghishfosmmanming diplactria exiderizsi erebighirk patendielectric
capping dielectric oxide 125 may conprise an
layerl t10a-Capping ajelectot oxide t26will seqvdas dbapitisnthin protectiveSoxide
may be oxi di zed using a plasma enhanced chem ca

Iayétdﬁ@tf préeeRts dilicile RIrAREIDA, Rheh ) SHPSIREADI/BEICRRREIDN
| ayer to a solution that conprises an oxidizing

cap@ﬂ@%ele\%ﬁ%%ﬁé H952 \Rhas P%P@QB Wﬁngﬁ%gﬁéxﬁgﬁ@%n Capping

osItion process to ox

aielfesE s T2 BeSLet e PR NG i PR e sERR ehoxcd
chem cal vapor deposition (" RPECVD‘) process may be
us&PPRING Byen 1dSpeabe ogidizobesing gridas®s, er&m@eﬁ@hemlcal

| ayer 115 may be oxidi zed by exposing it to ionized
vapok Jgrosiipe pranesgandyapedsing themiaaping leper tea stbion dhat

PECVD process is used, 20 such ionized oxygen species
conprisebangsieizrigeagerftoWieRBing . a Plasireesh ihcxdydmical vapor
deposition process to oxidize capping layer 115, a direct plasma enhanced
chemical vapor deposition (“PECVD”) process or a remote plasma enhanced
chemical vapor deposition (“RPECVD”) process may be used. In such a PECVD
or RPECVD process, capping layer 115 may be oxidized by exposing it to ionized
oxygen species generated by a plasma source. When a PECVD process is used,
such ionized oxygen species may be generated, for example, by feeding oxygen,
nitrous oxide or a mixture of oxygen and nitrous oxide into the reactor, then
striking a plasma within the reactor. When a RPECVD process is used, the
plasma may be stricken remotely, and then the resulting ionized oxygen species

may be fed into the reactor. Alternatively, ionized oxygen species may be created

by striking a plasma remotely using a carrier gas, e.g., argon or helium, feeding
5
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nitrous oxide or a mxture of oxygen and nitrous oxide
into the reactor, then striking a plasma within the

w0 e@eder31l WWhen a RPECVD process is used, the PCEHES®03/040688
may be stricken renotely, and then the resulting
I oni zed oxygen species may be fed into the reactor.
Al ternativel i oni zed, en species be create

the sesUlgngs onizach P PR NP A e Ory dery dawramerg&'gtrous
e.g., argon or helium feeding 5 WO 2004/084311

oxideCTy aJSHRNIBE Ofi 0KEESN ame nitesiglaxXideyinte e epciap dowmstream from
into the reactor, then feedi ng oxygen, nitrous oxide

the ptasmarsatingee of oxygen and nitrous oxide into the

reactor -- downstreamfrom the plasm source. The
r eﬂqfeoﬁea%ﬂﬁ@h‘éuhﬁb@ﬁﬁé?ét@&i uhaéﬁmeté‘;ﬂaréﬁﬁét%ﬁfdrﬁﬁt%ns (e.g.,
condi ti ons .g., pressure, radio frequency, and

pre

Madifr auéh‘ér}f a?l'deﬂbtwér fﬁé @hfﬂ{ﬂ'eﬂ{ fithedb dﬁcﬁ?% ot R3%Fthose

por U1 ons” of "cappi ayer ave bon

Wns i r?ygéﬁg?ﬂ ﬁ}ﬁ)@eb 1 rdlctgrﬁﬂlfié éhlgh&)g]ate dielectric

then the oxidation step should oxidize all_of the
layesi 110 i iy, expmapleowhaacrepingtlayemtilp epmprisexsiicem thay the

portion of capping layer 115 that did not bond to
oxidedipal steyp sheuldresding all ©f the siligide. That oridadian Istepunfagcdso

site where a silicide has forned, such an oxidation

oxwﬁi@ﬂnjﬁ@brﬂdﬁ émbrmg-?\la?ér dy5 feat@iy aenbeh@ o Atjtaradmshsresent
i con atom (which ornmed the silicide) and the

o B AT s L M Gl gt b o
<P S e e

formay fia SBRIGE) 608 LAl 1 TAN iR & g which the sifcon

dielectric layer may retain its anorphous state, and
atomH@dipeembonfiedxygen that diffuses to the interface
bet ween substrate 100 and | ayer 110 nay be reduced.

In a preferred embodiment, that oxidation step takes place at a relatively
low temperature, e.g., at a temperature that is less than about 500°C. By
oxidizing capping layer 115 at a relatively low temperature, the high-k gate
dielectric layer may retain its amorphous state, and the amount of oxygen that
diffuses to the interface between substrate 100 and layer 110 may be reduced.
This, in turn, may limit the amount of additional oxide growth at that interface.

As an alternative to oxidizing capping layer 115 using a plasma enhanced
chemical vapor deposition process, capping layer 115 may be oxidized by
exposing that layer to a solution that comprises an oxidizing agent. In a preferred
embodiment, the oxidizing agent comprises hydrogen peroxide. When capping

layer 115 is exposed to a hydrogen peroxide based solution, an aqueous solution

that contains between about 2% and about 30% hydrogen peroxide by volume
6
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This, in turn, may limt the anmount of additi onal
oxide gromh at that interface. 20 As an alternative
W 008843l zi ng cappi ng | ayer 115 using a pl asnaP@niszvoye06ss
chem cal vapor deposition process, capping |ayer 115
may be oxi dized by exposing that layer to a solution
that conprises an oxidizin nt. In a preferred
mayebmuaecﬂrenﬁhat EXROSHKE &N ﬂ@otg@éﬁie B‘@ﬁ%ﬁt 9@8/\/@%%@%15 Cand
per oxi de. When capping layer 115 is exposed to a

abobty4l ‘@yfen gb érast iaheubase thisuieutln @npartioulagy euefersd embodiment,
25 that contains between about 2% and about 30%

capb%gﬂ M 1%Ei6 g@Se@Yo whldgureoud sWRLidAARA0EARShs about 6.7%
PCT/ US2003/ 040688 mnmay be used. That exposure step

Hy ‘b& rf@‘?&r &b 610"‘Fnlr9ﬁé¥"§?8 té\‘ﬁ?éFat&FéCo@&% gt 40C

east Ut one mnute n a partlc arIy

red errb IS to
%%8%&9'9& for o i ey ¥ GRndd e s attia3 g,
voI ume for about 10 m nut es at tenperature of about |
compsises HYNRASNRRIPXING: It a9 bqﬂ@sqrgblsip&'%Eemﬁp%%erﬁmg?omc
it to a solution that conprises hydrogen peroxide, it
energyyattefragsencybbibetwesnrabiouan8dihz and gyt 2 SFI0KHznwhily
at a frequency of between about 10 KHz and about 2, 000

dissifitingwdtibetweeh bbpat iand aboubé0westts/ahdutn 4 paﬂf@rmldout
10 watts/cnR. In a preferred enbodinment, sonic energy

emHB%lYmEﬁt aBRAId &¥brgl nday b@%?!’é‘d’a?é fideehcy OPQQOW 008 KHz,

I'e di ssi pating at” abou watts/cnR.” After

Wh,@)ﬂl% F%tg% SRS ng?( 15 to formcapping dielectric

gate rode is forned on oxi de 125.
I f d enb e & t d
A 5&9’%"%5 pﬁﬁplﬁ@q@j@o@ﬁﬁ03§rr8‘3‘aa§9mq JeleofiE ey 25, o
on capping dielectric oxide 125 - generating the

gatq plggirede icfosmedcanupdide ialby Inia RiEfFETY eMbpoimest, g Jge

deposi ted using conventional nethods and preferably is
eledhedeaaay Abdatme® 0 imitigiht depositingipalysilicod |20@0 120 gst capring

thick. After etching |l ayers 120, 125
dielectric oxide 125 — generating the figure 1¢ structure. Polysilicon layer 120
may be deposited using conventional methods and preferably is between about
500 angstroms and about 4,000 angstroms thick. After etching layers 120, 125
and 110 to form the figure 1d structure, using conventional techniques, additional
steps that are generally used to complete the gate electrode (e.g., forming a
silicide (not shown) on the upper part of etched polysilicon structure 130) may be
applied. As such steps are well known to those skilled in the art, they will not be
described in more detail here.

Prior to forming capping layer 115 on high-k gate dielectric layer 110, it

may be desirable to apply a wet chemical treatment to layer 110 to remove

impurities from that layer and to increase the oxygen content of that layer. Such a

wet chemical treatment may comprise exposing high-k gate dielectric layer 110 to
7
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and 110 to formthe figure 1d structure, using
conventional techniques, additional steps that are

w@emensd3ily used to conplete the gate el ectr odePCEUS003/040688
formng a silicide (not shown) on the upper part of
etched polysilicon structure 130) may be 20 appli ed.
As such steps, are well known to those skilled in the

a sglption that gomnrises & sayce QEBydroxidte. i thaksyadutipn prieferpblyehas a
Prior to form ng capping |layer 115 on high-k gate

pH df al leastralzoutay end1nore preferanly apHd¥diataber aboutpplapdsabout
wet chem cal treatnent to |ayer 110 to renove

13. 1 T sblince of hiyaraxtidemdyegsnprist] fooexarmpleasgichi@doxsieen
content of that layer. Such a 25 wet chem cal

KAt %“O{%"é"ﬁﬁ%‘*E’SW?@@%&?ﬂ%@%ﬁé%%%&ﬁa%&:@@ri i
H [ [ 3 [ p . T
el GRSy R B AR R RIS 7 ane
1o Vil PR g feitutotevis Tl xmivactd, & Paulin dighconsists
dei oni zed water, hydrogen peroxide, ammoni um
esshaptialy:afdisionined water, high-s gaig/dielasiimiayar 410 pbpulk kreexposed

such as tetranethyl ammoni um hydroxide ("TMAH'). When

to shclyla-dolgtidreforliat le=st mbout ayemirlite data expmratliré of at least about
solution that consists essentially of deionized

35°0atIRMG péﬁti@@lahy%@éﬁr@d%rﬁEécﬂihiéﬂt,%?h-lklé&esd?élébﬁichéyer 110 may

exposed to such a solution for a east about one

bo E4ehA 18P LSRRI bl 2 s & 2P tmpetplre df dBout

40° ielectric layer 110 nmay 10 be exposed to such a

olution for about 20 m nutes at a tenperature of
about 40C. Wien high-k gate dielectric layer 110 is |
exp¥Ber high-k omirIfisiRaIG IBvekil 4@ is paResekiel ahydipgerperoxide
aqueous sol ution that contains between about 2% and
baseb eotutiod) &6 pdeoge sopdicoxXhaiecdnfaine letweanypbbet A%eand about

That exposure step shoul d take

30% hydrogen peroxide by volume may be used. That exposure step should take
place at between about 15°C and about 40°C for at least about one minute. In a
particularly preferred embodiment, high-k gate dielectric layer 110 is exposed to
an aqueous solution that contains about 6.7% H,0, by volume for about 10
minutes at a temperature of about 25°C.

When high-k gate dielectric layer 110 is exposed to an ammonium
hydroxide based solution, an aqueous solution that contains between about 2%
and about 30% ammonium hydroxide by volume may be used. That exposure
step should take place at between about 15°C and about 90°C for at least about
one minute. In a particularly preferred embodiment, high-k gate dielectric layer

110 is exposed to an aqueous solution that contains about 15% NH4OH by

volume for about 30 minutes at a temperature of about 25°C.
8
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15 place at between about 15C and about 40C for at

| east about one mnute. In a particularly preferred
wepdvats4sent , hi gh-k gate dielectric |layer 110 PGI/US2003/040688

exposed to an aqueous sol ution that contains about

6. 7% H202 by volunme for about 10 mnutes at a

tenperature of about 25C. \Wen high-k gate dielectric

| aSEherlbh-& geledistertielayer Athinhexpesayl toyaihysticgenbased

sol ution, an aqueous solution that contains between
peraxidefanitioniand hpdronidelteseansadutiamamyatiuedusesdiytiorothatreontains

may be used. That exposure step should take place at

betlheéMeBBuRPRUANd Bbo@ B Ydiodpéroxidat by ealsimekpdtbetween

one mnute. In a particularly preferred enbodi nent,

. . .t .

abdt 125 nd 2Byt G i dnicrRfhrodd b} SolitRoN R b, That
vol u for apout 30 m nutes at t gtature of .ab

oxpg8utt Sigb FhodRbirke etk Steatiielh sl B Sl 4D B at

ate dielectric |layer 110 is exposed to a hydrogen

Iea%@b@aéit BB aNRia- Ui Hpartiskladly Rassedynbedisre tahlggduaatﬁs
solution that contains between about 1 % and about

diel@oticHgykrolgkénispeposeddo by agvieans soktlionidbatweentainsmaut 4.2%
% and about 10% ammoni um hydroxi de by vol une, may be

H,Qusedvolliat arid alspaisaipe, SHeOHbyubldniefe? ahloait ¢ 0ahinutes at a
bet ween about 15C and about 40C for at | east about

terr%@?atﬂLé“Hﬁ@oodt@?CPa”i cularly preferred enbodi nment,
igh-k gate dielectric |layer 110 is exposed to an

ol R KRA-Risee ol AR 9 19 BRse §/0 TR eRec

nutes at a t erature of about 25C. When hi gh:
solilele 4 asttgeps soBpdReb agniais Bedieed baubSamy phodch:
sol uti on, an aqueous solution that contains between
TMAbIdwt volwsngnaax beudsesh of hataxrosyrevsiepmborid take Rigegiat between
That exposure step should take place at between
about 15°C and about 20°C for at least about one minute. In a particularly
preferred embodiment, high-k gate dielectric layer 110 is exposed o an aqueous
solution that contains about 25% TMAH by volume for about 2 minutes at a
temperature of about 80°C.

While high-k gate dielectric layer 110 is exposed to a solution that
comprises a source of hydroxide, it may be desirable to apply sonic energy at a
frequency of between about 10 KHz and about 2,000 KHz, while dissipating at
between about 1 and about 10 watts/cm?. In a preferred embodiment, sonic
energy may be applied at a frequency of about 1,000 KHz, while dissipating at
about 5 watts/cm?.

Although a few examples of wet chemical treatments that may be used to

remove impurities from high-k gate dielectric layer 110, and to increase that

layer’s oxygen content, are described here, other treatments that serve to modify
9
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about 15C and about 90C for at |east about one mnute.

In a particularly preferred enbodi nent, high-k gate
waele@imesti c | ayer 110 is exposed to an aqueousPdBUS2003/040688

solution that contains about 25% TMAH by vol une for

about 2 mnutes at a tenperature of about 30C. Wile

-k gate dielectric |layer 110 is osed to a

hlgfs-dﬂ gﬁte shel@cﬁat: layes idioi i é@ataN%mad@%wSﬁmsé&adjas will beay

be desirable to apply sonic energy at a frequency of
appaeenide thedmsiillddinkiie arhdEaboptesdnolode Kixposingi high-k gate

di ssipating at 20 between about 1 and about 10

dieldelricIagsr2i10 fo aquicrisadol@ibrthattoraain, om or t&BeHedsolutions
may be applied at a frequency of about , 000 KHz,

tha Htgln%tﬁ%‘ Q/ﬁ%%%go%dl F?%%HH/O‘T’ Fdl%ﬁ@%g ﬁ{si t\ﬂﬁféﬁ%ﬂbé‘wet

ew exarrp wet chemn cal eat

ve | riti.e di eI
cheftial febie Rl PR RUER gt [P ST 6 Worrfing
content, e des ed ot her treatnents, that
cappila Byel 1 i 'FT)&WCQ? 3@ @éﬁ@ﬁco ?@ NP QLRSS Qvedae the
hi gh-k gate dielectric layer 110 in that way may be
cappingolayesasw@s ussdioltreabdayengifrent to those skilled in

the art. Exanpl es include exposing high-k gate

di eltecinetiood afiytbe préfentdnentipunag @nableoa highikigatodiefdotric to
ozone, or to other solutions that contain other types

be @iecPWitﬁ' 'azpbdlﬁsﬁcﬂﬁ'( @éséﬁ’&ét@' é{éétﬁﬁieagl?iﬂ‘f&cm%ﬁc@e ¥&mation on

chem cal treatnent i1s applied hig

I
surl’%fg sﬁ% lof fj ﬁrﬁ%@gge;&r%geg#ﬁ&(agépﬁﬁp\me? ng&%?g%gas é’}%ﬂ)ccur
thef‘i?'@g'érﬁeé 5% o Rrieb T oB i et iosh g B ashistipon
ate dielectric to be used with a oI ysilicon
basgaw@e@ rogeether iggeltingydevinecs algelicel @rcm,erﬁ mayiRdh on

10 surface sites of high-k gate dielectric layer 110
enhahee@ oxygen vacanci es occur,

Although the foregoing description has specified certain steps and
materials that may be used in the method of the present invention, those skilled in
the art will appreciate that many modifications and substitutions may be made.
Accordingly, it is intended that all such modifications, alterations, substitutions and
additions be considered to fall within the spirit and scope of the invention as

defined by the appended claims.
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then converting the resulting silicide to an oxide
prior to formng the polysilicon based gate
web@enssue, the resulting device' s electrical PCT/US2003/040688
properties may be enhanced. Al though the foregoing
description has specified certain steps and 15
materials that nmay be used in the nethod of the
IN PHECLAIMSventi on, those skilled in the art will
appreci ate that many nodifications and substitutions
Whatis dde@imeatis: Accordingly, it is intended that al
such nodi fications, alterations, substitutions and

1. 2ddA MaRsd kst ARy Ls@ficoRdlielor devicBiddnigisisgi it and

scope of the invention as defined by the appended

cl aj.[E; 0 1 88 |IN THE

oL AP Ryt # LR e 2 ek G5 SRR ORE " i ng

serd conduct or .deyi ce conpr,i.Si ng: cformng on a

S UHOTRECK Sainnige 44 srang igtRtate Aelglie T nng
capang_Ia¥er on the high-k gate dielectric I%yer; .

oxi ¥idizing thecapaipgi lave! Ryfermeocanming dislegiie ayide on the high-k
di el ectric oxide on the high-k gate dielectric |ayer;

gatawiicletidn ldyarnamdythiergat e el ect rode on t he cappi ng
di el ectric oxide. 10 2. The nethod of claim| wherein

t hefohhiplg-&ggiet sleciredeoh the chpying disletivicrmdddy at omic
| ayer chem cal vapor deposition, and wherein the

2. hi %&g%?r?cf‘d o &%ﬁﬁtlrWﬁeretrﬁﬁh%Thi@ﬁ%ét?‘%ﬁ%?ct’f‘i’éﬂ&&érﬁg éormed by

sel ect romthe group consisting o ni um oxi de,

atofft ByePYRlsil U st PREVAGHE e b GHY Beteotrc

o i o b Pt St i,
haf%/itutn;r isilljig(])rg) é}idgg: Ia%lthu’c?irgurt]rl1J rgxi%i)g, gi?éonligr%dozgg,ng;c%%um silicon oxide,
fitanium oxide, tantalum oxide, barium stroniium titanium oxide, barium titanium
oxide, strontium titanium oxide, yttrium oxide, aluminum oxide, lead scandium
tantalum oxide, and lead zinc niobate.

3. The method of claim 1 wherein the capping layer comprises silicon.

4. The method of claim 3 wherein the capping layer is less than about five
monolayers thick.

5. The method of claim 4 wherein the capping layer is oxidized using a
plasma enhanced chemical vapor deposition process which comprises exposing
the capping layer to ionized oxygen species that were generated by a plasma
source.

6. The method of claim 4 wherein the capping layer is oxidized by exposing

the capping layer to a solution that comprises an oxidizing agent.

11
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tantal um oxi de, and | ead zinc niobate. 3. The nethod
of claim1l wherein the capping | ayer conprises
W@ 2douose311 4. The met hod of claim3 wherein t hePCHpPRI0NE040688
| ayer is |ess than about five nonolayers thick. 20 5.
The nmet hod of clain14 wherein the capping |layer is
oxi_di zed usi ng glasna enhanced chem cal vapor
7. depde metﬁwdpﬁf&@% wrhesaindbaexidiaag @gsaépwaprlﬁﬁ%hydrogen
cappi ng layer to ionized oxygen species that were
pergdder at ed by a plasma source. 6. The nethod of claim
4 wherein- the capping layer is oxidized by exposing

8. 25 Ttemetiorl dtaI4ify BiwHerein thelgsté electrode copmpridesgsolysilicon.
OXI d| zi ng agent. 11 WD 2004/ (589%311 PCT/ US2003/ 03%3688

QAinf8 Futhéd d’&h%r‘f‘éu'?g "aESIyﬁYEq ﬂ:\)/\éétrd%eﬁﬁal e

S corrprlses hocgrogen per oxi de.

A ﬁé&ﬁ?%ﬂ@@%@&ég Pk it

wet chem treat ment ate dielectri
and) Gy asroeee Ha B TENBD! SLihet Giet Ak 40aInGahg Eping fayer
i ncrease the oxygen content of that layer prior to
on therhighny gate digdegitiadpyesyer on the high-k gate
dielectric layer. 10. A nethod for making a
10. seA grfichCforimaldng aesamiopndsdtogdevite compyisiny: a
substrate a high-k gate dielectric layer; 10 form ng

on fémnﬁ'o@lfb KuSatffRed Fﬁbﬁq{ Gate dlé‘ﬁ@frICQaV@”pp' ng |ayer
that is"less than about five nonol ayers thick;

OX'f?ﬂé@bgl%g tﬁ)@( H(@PR rg%?% ﬂ%&fthé fayel'a ga[ﬁa%ﬁy%gég that is )I/eéc,s than

aboulﬁ1 Hve monolayers thick;

oxidizing the capping layer to form a capping dielectric oxide on the high-k
gate dielectric layer; and then

forming a layer that comprises polysilicon on the capping dielectric oxide.
11.  The method of claim 10 wherein the high-k gate dielectric layer is formed
by atomic layer chemical vapor deposition, and is between about 5 angstroms and
about 40 angstroms thick.
12.  The method of claim 11 wherein the high-k gate dielectric layer comprises
a material selected from the group consisting of hafnium oxide, zirconium oxide,
titanium oxide, and aluminum oxide.
13.  The method of claim 12 wherein the capping layer comprises silicon and is
oxidized using a plasma enhanced chemical vapor deposition process which
comprises exposing the capping layer to ionized oxygen species that were

generated by a plasma source.
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formng a layer that conprises polysilicon on the

capping dielectric oxide. 15 11. The nethod of claim
waQowheei n t he high-k gate dielectric |ayer iBCT/US2083040688

by atom c |ayer chem cal vapor deposition, and is

betvveen about 5 angstronms and about 40 angstrons

th| Th d.of claim1l wherein the high-k .

4. gar Bmeiad B o & wiksry Pedeppindlayer Fampiers Sgen and i

fromthe group consi stl ng of haf ni um oxi de, zirconi um
oxidized ey SXpesing paﬁplagllauéer tarroselviion hahcemntisestydragen

nmet hod of claim 12 wherein the capping | ayer conprises
pergxidécon and is oxidized using a plasnma enhanced

chem cal vapor deposition process which conprises

15. expofistigod foe making aosdraitehdiétor GQVlé@@omﬁtQﬁ%\?}peCi es
that were generated by a plasm source. 12

ZO%r‘r\Qﬁgi ! Pﬁ?%é{@?&&%/cﬁﬂ:qgg ort4 suEEﬁaféeﬁlli@ﬂ rcrﬂl'; ng%?é m

12 wher appi ng Iaye conprl ses si'|

: i di ' he r to solutlon
delB it g R heE sbab GARRG @%m’%%@ck@nﬁmansweg 2
m conduct or device conmprising: 5 formng a
mafﬁr'aLSéie%&?@w B R COSnGoH! TSR PR e oziramium bxice,
-k gate dielectric |ayer being I ess than about 60
tlta@H@ls@M@@maftdwabmlm @o¥giri sing a material selected
fromthe group consisting of hafnium oxide, zirconium

oxifdeningtdrt thei high-togate dielactriallayer aushicor eetafrivigriayer et is
the high-k gate dielectric layer a silicon containing

lesd @gAradoitive morkflayed§ thickan about five monol ayers
thick; oxidizing tthe silicon containing layer to form

laa?é(id;lflﬂg t 8XLAT chbAMRTInG Tyt %o fithPY fiicBRfodbE! & drCihe

high-k gate dielectric layer;

forming a layer that comprises polysilicon on the silicon dioxide layer; and

etching the polysilicon containing layer, the silicon dioxide layer and the
high-k gate dielectric layer.
16.  The method of claim 15 wherein the high-k gate dielectric layer is formed
by atomic layer chemical vapor deposition and is between about 5 angstroms and
about 40 angstroms thick.
17.  The method of claim 16 wherein the silicon containing layer is oxidized
using a plasma enhanced chemical vapor deposition process which comprises
exposing the silicon containing layer to ionized oxygen species that were
generated by a plasma source.
18.  The method of claim 16 wherein the silicon containing layer is oxidized by
exposing the silicon containing layer to a solution that comprises hydrogen

peroxide.
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formng a layer that conprises polysilicon on the
silicon dioxide layer; and etching the polysilicon
w@omtag4stng | ayer, the silicon dioxide | ayer apdI/ukmo3/040688
15 high-k gate dielectric layer. 16. The nethod of
claim 15 wherein the high-k gate dielectric layer is
formed Dby atom c |ayer chem cal vapor deposition and
19.i s e W@é%pda%@@lrs 18riereimibeasiiiconaetiaining lavgs srexposed to a
thick. 17. The nethod of claim 16 wherein the silicon
solgfiort tiahicampriage hydogexi pbroride 2@ tesipegatare teastris between about
enhanced chem cal vapor deposition process which

15°C0aMd BBESt A PRSP i dshabsul b@mis@at ai ning layer to
i oni zed oxygen species that were generated by a plasma

20.S°“fl?§me]cﬁo<il Ehaam?%crﬂrt Er &lgﬁgﬁélﬁg gggfﬁ%g nlubﬁlon

contalning |layer 1Is oxi I e I con

tainpng .l ayer .tao. tion that co hd
e SRRl b 4coaip el s o oo E JORsT BES 684" g Faver
The nmethod of claim 18 wherein the silicon containing
and fp,ippraasedne 9xygen gontent QF that Syer pePr Kotapringihe silicon
hydrogen peroxide at a tenperature that is between
condg@ping layamie higbtk gatedi¢lectristlayerast about one
m nute. 20. The nethod of claim15 further conprising
applying a wet chemcal 5 treatnent to the high-k gate
dielectric layer to renove inpurities fromthat |ayer
and to increase the oxygen content of that |ayer prior
to formng the silicon containing |layer on the high-k
gate dielectric layer. 10 14
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