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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
VOROH/ERIMHE | NVENTI ON 5 The present inventi onPCEIUSE®S3/040688
to met hods for nmaking sem conductor devices, in

particul ar, sem conductor devices that include high-k

gate di el ecr.i I r ND OF THE | NVENTI ON
MOS fi el d- fnaﬁ?ﬂﬁf%ﬁgkwﬁéﬁﬁqﬂ’ﬁﬁwngcmm
di oxi de basBEVIaFHAVINGA HGH-K GATE DIGLEGCERIC
unaccept abl e gate | eakage currents. Form ng the gate
E@@_@i[ww n high-k dielectric materials,
i nstead of silicon dioxide, can reduce gate |eakage.
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polysilicon -- the preferred materi al

heC @ e high-k fil . .
s T Ba PR I Ector b ke v M R gate distectric
Ia'%é at random surface sites. Wen the device's gate '
'8¢t rode conprises polysilicon, a silicide may form
ch. vacancies occur. The silicide's presence
B G i wor kf uncti on or cause the

device to short through the dielectric. Accordingly,

t herOSsfieldmétedt transiators mithaesyttin eitiess dicMidebkbedgate
20 sem conduct or device that includes a high-k gate

dieleelries macexgdrireel iharcopeBld Gite lcif’éigeiiq&cﬁé}&gsifomﬁ@nthe gate

elimnates (or at |least mninizes) silicide or mat |

ooy P Bl WEAY, AR RREBRE 1ie 2@ oRS iGN sl can
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polysilicon -- the preferred material for making the device's gate electrode.

it 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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Figures 1 a-1 d represent cross-sections of structures '
that nmay be forned when carrying out an enbodi nent of
wie20mbksdl of the present invention. Features mhowe2003/040688
in these figures are not intended to be drawn to
scal e. 5 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI (]\I
A nmet hod for maki ng a sem conductor device is

it gRIFHK? btE DEMEINGSs forming on a
substrate a high- K gate dielectric layer, then formng

a caurey 1hafereppesdriterdiobedtionstof sttetuesd izt nha@yBs formed
After oxidizing the capping layer to forma cappi ng

which! i Cgto%rﬂ@rr%dhhs Hir9he 'Fn&ﬁéaﬁofjﬂ%l &fé‘séhfm'vexﬁén.

a gate’l eectroels or ned
FRefiEr Shi R I itk "aélg%%{e ﬁgiﬁ%“éwc%dﬂ%r tlé‘own igh
D%S 8151 LI_ i nve t\I/l(Em |t \r,\ll,llthg?

the invention nmay be practiced in many vvays ot her
t hanAtmeleddrpmediiga samdeoridvctbridevice iFldesciibednThabmethod

is thus not limted by the specific details disclosed

ciraprises fhming en acsditiate o thigh-kigage telduddc Rlyet tAen forming a
present invention, high-k gate dielectric layer 110

i ?ld’ﬁéﬂ ofnhé %‘ibﬁi kel dfdtbctds be@l@ﬁ A Fﬁoilbﬁﬂfth%acapprng layer

rate 100 may conprise a I con

= @%ﬁ%@?&%@%&h@gﬁgnté?@*efh?mé@m%b%ﬁ@hc%a ot

not be conbi ned, w,.t
e'a‘éﬁf@%ﬁfﬁfmﬁﬁm}ﬁ?mmﬂwﬁ cHlaion.eln e Blowrgessrition, a
20 arseni de, indium phosphide, gallium arsenide, or
nyaben ofelals Atenseldortaite peaMde aggo@ugh undensipadingfof the present
materials fromwhich substrate 100 may be forned are
indartton. bléwilhiee apparent e therscadkiltdubin thagris howevas that the invention
foundation upon which a sem conductor device may be

mbjdlbbtprfa@ﬂld@i wmhmm %@ iR T thbn AMskeSS Cﬂ_?lﬁsqgtf deBeriRsERer. The
i nventi on. : 2004/ 084311 PCll US2003/ 040688
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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 gal_lium antimonide. Although
several examples of materials from which substrate 100 may be formed are

described here, any material that may serve as a foundation upo'n which a

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

invention.
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* before formng high-k gate dielectric layer 110 on its
surface. To clean the wafer, it may initially be
WpUessBot a dil ute hydrofluoric acid ("HF) solparigs003/040688
e.g., a 50:1 water to HF solution. The wafer may then
be placed in a nmegasonic tank; and 5 exposed first to
a wat er/ H202/ NHAOH sol ution, then to a water/H202/ HCl
sol utVhan subriateApe ﬁpmwﬁmﬁmmaﬁardhewer arevtee cleaned
particles and organic contam nants, and the

befare farhiteg hidd-k gataxﬂibtmtrimlﬁyeaemen metsrizice. To clean the wafer,
contam nants. After that cleaning treatnent, high-k

it ﬁ?éaemiilaﬁy %téxgasbax@b dhibts chg tofiGorid SERRHP s%w.gﬁjw @ége a 50:1

generating the figure structure. Hi'gh

T, TR e AT ot e
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is at Ieast about twice that of silicon dioxide, i.e.

- The waitedz@7/NE.Obhselation maytremovgrpsatides endrorganiatcogtaminants,

~Materials that may be used to nmake high-k gate
anti teewatari O rHdCLstdutidrafmay remove deetatiaf contamirants: on
oxi de, 15 | ant hanum oxi de, zirconi um oxi de, zirconium

si | aRer st BleaningtifestibiBn@Higek gate Blcdé e @ve@'q 10tiﬁé3'/ BE
strontiumtitani um OXI de bari umtitani um oxi d

foﬁhég Il %Uﬁés J%Eé 366 Hétffggiré* g‘aqs)fhﬁiz reallll’igh 'ng%te dielectric

oxXI scandium t a l ea

bR ol a1 bR Sl A i et e

a few exanples of materials that 20 may be

Al th h
| d'@i«?éﬁ%t %DWWH isdicer [igxdde. aDislecirio 1aves 1&@%&3\‘%@@%@6@

that |ayer made from other materials that
diglectjis Q@&t%dd%@t igat teask akagldwicd tiatl bf giticen dicedds;i.ei, @

| ayer 110 may be forned on substrate 100 using a
dielentrientanstait tdeiie sirddtenthzmt dtedy 8. IgaterialsCipRY ARl IRNAsed to

chem cal vapor deposition ("CVD'), |ow pressure CVD,

m&ke Blgrsk ?Q{e NidRRAricAaREBHE! Rafniun? b’gd)a R& %%ﬂsc%ﬁ oxide,

Pref erab a conventional atom c |ayer process 1's

'a“ééﬁﬁwg’zé}aéé’ oAl REEEE sy PR e o

taﬁ%‘um oAt e, b'a%ﬁ?n s%ronh te? {n niurx cmde Eana}n ﬁc’tslnr%(r:n og'lde 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
clonventionai 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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flowrates into a CVD reactor, which is then operated
at a selected tenperature and pressure to generate an

WMprogaddsyr snooth interface between substrate Guandosess
dielectric |ayer 110. The CVD reactor should be

operat-ed | ong enough to 5 forma layer with the desired

t hi ckness. In nost applications, dielectric |ayer 110
ashetal dxide pressrsbhémgalaacuetabghianids) andsiddm atay lee tecdhar selected
preferably between about 5 angstrons and about 40

fARGatds0fto & IT\ redstod 9RAGH Isaflen Bp@Patkd %taese%ﬁé&%mpérature
layer 110 may be inconmpatible with polysilicon

a,g@fpﬁgsﬁﬁsrt@geggra%%ggag%wc%ﬂpg Dotitetart Bl d&a&%te 100
SSHRRAEE LSS S R ek TR oot

with polysilicon, or other rraterl al s that may be used
fare @ iavervwith Gietdesined dhiclsarss. Andapst anpligrtions dhielecisgilayer 110
may be formed on high-k gate dielectric |ayer 110 by _
stiauldibegeas tiegrpabout Glyangstrorsathiok, Bhd mbfeepreferablydietyeen about
that capping layer. 15 Figure 1 b reflects a

5@hg§ﬁoﬁ%cémd3ﬁb@ut@ afdateing thidk) Whi ch capping | ayer
has been fornmed on high-k gate dielectric |ayer

(1: é?rp/rxlé RePoBt %gﬁﬂ ﬁﬂ%ﬂ@l@@ﬁ% laye ‘P"%Hpe”&é Fém‘?éonjr&é:‘nme with
d tead. Ca
eyl ibs fﬁ'% BeestiRE nt BRu VacaRisofles ayeﬁ@c%iﬁ. Ry form.
and nDre_Preferany consi sts of only one or
thpgReihedee eme%%niﬁ:ﬂ\f?@flpay@ ucaml&?grﬁwes@f:fcm%@ fognag o high-k
conventlonal hysi cal vapor deposition process (e.g

gdig cg@iactr@rlay@* bHeta enflerdhatiayer apepstible with polys;hcon or other
another material, onto the surface of high-k gate

méteelawtlfatcmdagﬁbeméd@a forkfie dutgleldcigriee diel ectric
| ayer 110 conprises a netal oxide, oxygen vacancies

-- 1A @apphidf dideRirk 6,95 WRRN % f@fﬁfe%iwﬁ h@lh%‘ﬂa’tp dlelectnc laver

term na |on has been 25 dépleted -- exist. Form ng

1 ﬁ%ﬁgﬁ]‘%} bg%&iaf;pé@r%&gé@%%y&i g]g Qg%eﬁp&lﬁﬁfngncﬂa?caﬁlplﬁg hayer.

Figure 1b reflects a cross-section of a structure in which capping laver 115 has
been formed on high-k gate dielectric layer 1110. 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 spuitering a
4 .
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* thin layer of silicon onto the surface of |ayer 110

may saturate such surface sites wth silicon, which
wwy200&0mg11la sui cide to format all (or at | easpcimsbins/oi06ss
of those surface sites. For exanple, if |ayer 110

conpri ses hafniumoxide, then formng a thin |ayer of
silicon on that oxide wll cause hafniumsilicon bonds

- thig laysy &f siipen entethesuitase vl bawesildd ey saturatetsuch surface sites

haf ni um oxide film After form ng capping |layer 115 on
with giilidongehizchdinel eatsé a diliide tolfbfin atainionat Idasy @osh 18 those
is oxidized to form capping dielectric oxide 125 on

st Sitamt Pordb@lRsib! i fayel Y6 corkRiseSHRhiNE SLigs ARLA :ﬁgrging a

oxide 125 will serve as an ultra-thin protective 0X _
I bf Shiedh B Ihatadie Mtk ML BRIRT BPafa tq oy where
o RN giesi et T O AR Bompr i o0 an

ultra-thin layer of silicon dioxide. Capping |ayer 115
may PDEeolaragindeeprnglpyer pi 2 ondighnhnate digieetnic dajer 110, capping
vapor deposition process or by exposing the capping

layeiytt5 isooxidizet do fam tépmting disteutiic esiden 25xoml highAggate dielectric
agent. Wen using a plasma enhanced chem cal vapor 15

' lageptsi.t Cappmigliensiricxid 123 GilcaaRERG é@ﬁﬁfa-t}mﬁﬁ%%o?ecﬁve oxide
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d| rect pl asma enhanced chenical vapor depositl
s By o R oAale Kb R PR B SIS REER foymeg on
oo Rt cieetiE e "B VBl cBpPBR BTG S SOmB e B capping

[

.oxygen species generated by a plasma source. Wien a
d'%&é&/@ ﬁ?ﬂ@% 3%% ”ﬂ%/ teRrisean é'UEﬂTﬁ'I"& iavLs of silligga diaxsssi es
.may be generated, for exanple, by feeding oxygen,

ni t rloripIag jayer di Sanay ke oxiglizsid usipg erplasthardrthanosd chéeohical
into the reactor, then striking a plasma within the
vapeadeposilithh procesRREGYRXposinedhe icspphedaybhe a phiaseMihat

may be stricken renptely, and then the resulting

cohiptises rPEMERThSRASH! € WhetPYsiRg of Sidsial éhidteeld $AEHREa| vapor

Al'ternatively, ionized oxygen species nay be create
deééafﬁ%nﬁr%%é;éqgtr% cﬁ(é@%ﬁémgﬁ?iégg%{]eg'ﬁg?%' dI® R pfhld EhndtiRd
chemical vapor deposition (“PECVD") process or a remole 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 remoteiy, 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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WD 2004/ 084311 PCT/ US2003/ 040688 the resulting

i oni zed conponents into the reactor, then feeding
WXy Pesessgiit rous oxide or a mixture of oxygen @0w¥/US2003/040688
nitrous oxide into the reactor -- downstreamfrom the
pl asma source. The reactor shoul d be operated under
t he aEproprlate condi tions %§.g., 5 pressure, radio
thier ieguBing joniaed cpawengnisdntaatheurarion drendeesing @xygeai mMous
at |least those portions of capping |ayer 115 that
oXide®roniiéuret of axgyen and mifrols gkidk infatthe déattortrdawnsiream from
| ayer 110. For exanpl e, when capping |ayer 115

t]—@ﬁ\‘ggh@%@@l con, then the oxidation step should
oxi di ze all of the silicide. That oxidation step nay

T AP Rl .

At each surface site ere

Pigiestie, dadip dretuencs e PoWEN Jat e SUcIt dgialy wHgge 6ast those

atom between the silicon atom (which forrred t he
peitiongiofieppring layer WiStthat baverbended toeonings ok high-kgete dielectric
which the silicon atom had been bonded. In a ,
lageet ¢0.r €0r exdnogleyiicn ddppingbaydnt i Sworipeises alieonptrandhe
at arelatively 15 low tenperature, e.g., at a
oXiGHRSH %H@rolﬁt%x:d&e'a@fs& thB aflicRiz0 UthatYXdatiy; step may also

oxi di zi ng cappl ng layer 115 at a relatively | ow

o%ﬁ?geiﬁl??tqﬁ{ﬁ %‘% rgé‘ %%S/egaﬁ% th%i @h?ﬁé%ﬁﬂ LtS‘\‘r?étaFg%ms present
indgigen bt ALSEE @f%fZe%'L%w Bt S a8 ofiap, St an oxidation
limt the ampbunt of additional oxide growth at that
steptreay ideduge adridging Prygeinaion: betwash f&ﬁzﬁ"l?@“c%iﬁﬁl H@'Ch
| ayer 115 using a plasm enhanced chem cal vapor

- fodepddhe sitinide) anddbe nuipbalion frayehe High-kdiymide vahichlittresilicon

by exposing that |layer to a solution that conprises

gtam bAd deghmendgant. In a preferred enbodi nent, the
oxi di zi ng agent conprises hydrogen peroxide. Wen

c ap P 5&9 gféféﬁf@ﬂ ehibvdifieRl @i‘i’étedi(tdé?tzoﬂ Q%g "té’&%rblgéé S hd8latively

base ution, an aqueous sol ution t hat” contai ns

(oSN AP0 o2 % ANEBRPMLSRY% SRR BESGHS AR YRy

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 {o the interface between substrate 100 and layer 110 méy 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 1o 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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* WO 2004/ 084311 PCTI US2003/ 040688 may be used. That

exposure step should take place at between about 15C
witoogbsasts 40C for at | east about one m nute. IPOTAIS2003/040688
particularly preferred enbodi ment, capping |ayer 115

i s exposed to an aqueous sol ution that contains about

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

-may ey sadyr Ehajfexposute st sheulliake plassi aidategen abost 18°C and

oxi di zed by exposing it to a solution that conprises
atbhydrd@j€rfopat leastiehouttongayinute. desa palticaldrly preferred embodiment,
si mul taneously apply sonic energy at a frequency of

cRBING BYerR98hs &0pdddd R h ahmHusZAMbIME: cHRiiR about 6.7%

I'ssipating at between about | and about 10 watts/c

iy SRR T TP 3R 067 QA B G
cappVRiEn peicn B5OF 18 I8 SRZRT PH S @PEINGL 1 4 Salige that

125, a gate electrode is formed on oxide 125. In a _
cynprises kytiregdn peredde, it may detdesirablsctorsiaeitangoisly apply sonic
formed by initially depositing polysilicon |ayer 120

eneTgy @ pifraguctice lof betvweeroabale 1045Hz agerabcat 21RDA KBz, while

figure 1 ¢ structure. Polysilicon [ayer 120 15 may be

diQﬁF@ﬁrﬁé 8fb&GicRs AU A HddCaRut TeLWatscAAd IRBYIBfRid | S
bet ween about 500 angstrons and about 4,000 angstroms

i G fter ' ,

erpRifnerf 5o, by BYpicd Bt s TmyeREH of 2Boke1,080 Rriz,

echni gues ddi tiona st.eps that are generally used
WI%”EE a‘gﬁ‘%ﬁg?%a?ﬁgoﬂta§&’abfs@mrode (e.g., fornming a

silicide (not shown) on the upper part of_ etched |

pol VAt edizisgraappiniadayent 15 fops cappipprielastingxidgdis, a
-steps are well known to those skilled in the art, they
gaie leleaitndele forgest on beidel 125dne petfairéd ketediment the gaie
form ng capping layer 115 on high-k gate dielectric

electysde B, bd formesyyhiaitidihg Hegdditng poRpilibyn &ayeet120 on capping
chem cal treatnent to |ayer 110 to renbve inpurities

AR ite ALEI QAR ARSI EUESRLANy B 120
m%}‘? BB} RshEP BE NIV ARG A M GRS E LR L frdiY ' pdthBehBbout
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 iayer 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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WD 2004/ 084311 PCT/ US2003/ 040688 a sol ution t hat

conprises a source of hydroxide. That sol ution
pvolessaisiatihas a pH of at | east about 7, and npEEus2003/040688
preferably a pH of between about 11 and about 13. The
source of hydroxide may conprise, for exanple,

dei oni zed water, hydrogen peroxide, ammoni um :
hgaliban et cenyrises @ satreasf Elydroecidm nthahsslwticdr poeferably has a
such as tetranethyl ammoni um hydroxide ("TMAH'). Wen -

it oh eklegat shalitdl, entimord preserabliyt FEI o beoseen ®oat 11 and about
solution that consists essentially of deionized

12T RS i e R .
i : . . In.
5 P TRRLD Bl 0 TR0 S

be exposed to such a

-.di el tri I 110 10
W@?@fg %ﬁ#ts%s@%ﬁgﬁameiwqaﬁﬁ@pey%hyw%@%TW’a of

about 40C, \Wen high-1: gate dielectric layer 110 is
expoddtien bigh-k gateodielectic leyet 10 iexpbseditata solutiam that consists

aqueous sol ution that contains between about 2% and

essontially3F delordrezhwatarehighidgaleydiglebiiceaydy1 He sHS@E be exposed
That exposure step should take 15 place at between

taROH a]s%fbt_ﬁiﬁcfoﬁﬁplébsﬁggﬁt‘ﬁnﬁirﬂot%%?ﬁg %ﬂbﬁ{%ﬁ%% gﬁ%ﬁst about

I'n la particularly preferre
B e P Bl nidned sEERRIEE fiasth oBfF Giriao fayer 110 may
ofioreg e Sudh e RBufiondor S5 21 triruSe a8 empesrure of about

apmoni um 20 hydroxi de based sol ution, an aqueous
495%ution that contains between about 2% and about 30%
anmoni um hydr oxi de by vol une may be used. That

expo¥¥iten highdpoatbalitlactrizkayql Hileisatpbetove n akivagerd pEroxide
and about 90C for at |east about one mnute. In a

bpaed solutian,| 3h phed@ls aslursd ot BBAlsind &SN &t 2% and about
dielectric layer 110 is exposed to an aqueous

o7 WA T Ry LTS O o

or ‘aboUt
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 soiution that contains betwaen 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 agueous solution that contains about 15% NH4OH by

volume for about 30 minutes at a temperature of about 25°C.
' 8
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WO 2004/ 084311 PCT/ US2003/ 040688 Wien hi gh-k gate
dielectric layer 110 is exposed to a hydrogen
wenedigdesianmoni um hydr oxi de based sol uti on, anr@YUSEHNS 040688
solution that contains between about 1 % and about
10% hydr ogen peroxi de by vol unme, and between about 1%

and about 10% ammoni um hydroxi de by vol une, may be

. usethEhzitigrfrk@qteshﬁi@ctﬂcmesHdallsjexmsﬁqotméydmgen

bet ween about 15C and about 40C for at |[|east about

péragidelamineniun hdradide basad solutors fer aquebqslisticrnthat contains
hi gh-k gate dielectric layer 110 is exposed to an

DAGEALDOEH o LAA ol 1 QAR BYokiRR2 ) between

vol une and out for about 10

oo ok Sgiardyt abﬁﬁ@%ﬂ@aﬁ%@ﬁ@#b@?ﬁggéd"%qg%% g Thet

based solution, an aqueous sol ution that contai
expaskE Reprhauicd iakerlacs atibetuesn ahomt1 éﬁmd@@%@ gdor at
used. That exposure step shoul d take place at between
leabicabout Geanihuido it a padidutarlygurefesesst embodimentehighslugate
In a particularly preferred enbodi nent, high-k gate

 didieetrRoibyéict 1 Gisesxpbbedits aparpseds soludionatiaeeortaibll about 4.2%

solution that contains about 25% TMAH by vol ume for

H%?—Plﬁ} valUM S5 E S8l £29% RFFH@”&-?B%USIU%@ ﬁi?%‘ﬂou@@@ minlitdseat a

k gate dielectric |ayer O I's exposed to a

iRy Al Y Soni c energy at & {requency of

10

or s ATk oo lade e KRR 10 T4 Sxprrcaia A TMAH based

watts/cn2. In a preferred enbodi nent, sonic ener g

satajorh @ncasplaoss ssadutwnfthahg@ﬁams&et\aﬁ@lmﬁbguw% M about 30%
~while dissipating at about 5 watts/cn2. Although a

THaM ex aoiphesmafy heetsach efihatadposes steptshoultbakemadeat between
used to renove inpurities fromhigh-k gate dielectric

abct g5°E Hhg amslitoneCrier apieast dratut 2hel raete. s Irox yaettularly
content, are described here, other treatnents that

prefinté EAbBRRhEM, high-k gate dielectric layer 110 is exposed to an aqueous

solution that contains about 25% TMAH by volume for about 2 minuies at a

temperatﬁre 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 fo apply sonic energy at a
frequency of between about 10 KHz and about 2,000 KHz, wf;ile 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
g
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9 WD 2004/ 084311 PCT/ US2003/ 040688 hi gh-k gate

dielectric layer 110 in that way may be used i nstead,

wo wididssbie  apparent to those skilled in the arCIS2003/040688
Exanpl es i nclude exposing high-k gate dielectric

| ayer 110 to aqueous sol utions that contain ozone, or

to other solutions that contain other types of '
highi-id gaterdjelastticdayery i & In/thahway geai Be uprdinstead: as will be
chem cal treatnent is applied to high-k gate :
app&leecto ihosk akitied 14 the aitorExaenpies inchagle eguing highyle gate

115, it may be desirable to use the sane process to

d%&ﬁ%ﬁagbﬂgmggegpetsﬂé 2YRfioAs R eoHERS okond F&ab diR¥edolutions

oS b M5 ot Ve A P Y e

10 surface sites of high-k gate dielectric er, 110 )
clpaia! bryiaantssanieels bebdf geerdriSeBRaren 1Y Bhigr o forming

resulting silicide to an oxide prior to formng the
cappipgildyerdi 5, hamayibgdesirabledousedhe samer poGess ?@oxndlze the

device's electrical properties may be enhanced.

cappihg ifer abavdousgdtogedesager pt0.on has specified
certain steps and 15 materials that may be used in the

et h?ﬁ? l%etﬁB& oPfES Ef%sr?hf‘ ¥RBhIG may R RDIS biHig e dgd’te didictric to

art w appreci ate at many nodifications an
i, Bt i ROl mid b diiS: :
of SREH Ut RGP BEslA Sin pEG80E,BY hiqrld gfifige formation on
sybsti,futigns and itions b onsi dered to fall,
s ses g Ritiata e lecp Bt T1HaMerG o dsh Ygelncies ocour,
defined by the ap?_ende_d_ clains. 10 11 CLAIMS 1. A
theatgowerting thaueagting stigidecloicedde aor tefarating the pelysilicon
formng on a substrate a high-k gate dielectric |ayer;
hage gatelechnte, dhe nesidling dedtes sledirical ipeopertjes mapbe
di el ectric layer to renove
enhanced.

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 ari 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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inmpurities fromthat [ayer and to increase the oxygen
content of that layer; form ng a capping |ayer that
conprises silicon and that is |less than about five
nonol ayers thick on the high-k gate dielectric |ayer,
oxi di zi ng the capping | ayer by exposing the capping
| ayer to a solution that onpri ses hydrogen peroxide

é,o forma capping dielectric oxide on the high-k gate
CLAIM ielectric layer; and then form ng a gate el ectrode

that conprises polysilicon on the capping dielectric
oxide. 2. A nethod for making a sem conductor device

1. A meghehior saking a semienndactur glevicegamprigirg:ectri c | ayéer on
. i.ahs K di, el ic | '
P8 A Toatat® gl OB R SR corpr | i ng A

applirig al weelchehfshl fiffimbhtto SO MIYHER s didBcek layer to remove
haf ni um oxi de, zirconi um oxi de, ti1tani um oxide, an

impurities fiaindibat lexetiend pipciaasg the asygerheonteal ofithablayent to

forhiind] 8 RebpiE, Byl PatedmiesRy lodrE HAHRER is JAR Hdr, BBout five
monolayératthickparthe highak gateodielebichagdr; k gate diel ectric

| ayer silicqon containing |layer that is |less than )
oxKUEIRS 118 oMRABY dH8Ts by LRSI tap AGINGhaXet foc gn solution that

: i Qi t a.sili Loxi del.ayera.qng..
comprsEhRICASH SRt [AATSPeAhAg oL dR0b N e mion cot
dielectric teyer,cambitieses pol ysilicon on the silicon dioxide

ARG b S B A Sy B obadRat s e sk lot o

~dielectric |ayer.
2. A method for making a semiconductor device comprising:

forming a high-k gate dielectric layer on a substrate, the high-k gate dielectric layer
being less than about 60 angstroms thick and comprising a material selected from the
group consisting of hafnium oxide, zirconium oxide, titanium oxide, and aluminum oxide;

applying a wet chemical treatment to the high-k gate dielectric layer to remove
impurities from that layer and to increase the oxygen content of that layer;

forming on the high-k gate dielectric layer a silicon containing layer that is less than
about five monolayers thick; '

oxidizing the silicon containing layer to form a silicon dioxide layer on the 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.




