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Met hod of forming a high dielectric constant film and

nmet hod of form ng a sem conductor device Technica
woe@bd3cbhe present invention relates to a net hedr/abP2006/063414

formng a high dielectric constant filmby atomc

| ayer deposition and to a mdthod of forming a

sem conduct or devi ce. Background Art Increasingly thin

gate dielectric filnms are required as | arge-scale

integrated circuits shrink in size. Due to increases

in the | eakage current, the heretofore used silicon
oxi de f Method of faming.# high dielectric ganstaat filgyapd: ¢ o

limts ont ALY of : el ' s can be
reduced, angfettﬁéa ?’ggﬁwlg%tg Qg@éﬁ%u%tgtﬁg()%%mﬂ CMOS
generation of an Sig 2 equivalent filmthickness < 1.5

m.has-.begn extrenely chall engi ng. As a conseguence,
Te‘fr}lmﬁ%:ﬁsggn proposed that the | eakage current be

The phisent pehtiort fldtes o ahmeinedeasftiointing @i h lielédtrio®onstant film
é igh-k filns) in the form of mﬁ_a[ oxide films, netal
by afopic laver fepeaitionyandiq amethegphioraing @ ggmicprdestondowce.
hi gher relative permttivities than silicon oxide
films or silicon nitride films, and by enpl oyi ng
Bagkgroungl Ast thick filnms. A |arge nunber of reports have

ncfeBEEY T BRE lcfle AR Bndlnd Bt MoBRhdl Meoti) Brouts
shrinkes size. @uediociheiases ircthesleakagd clment, Gleeheretdforeapsed silicon
L R
thickABEY PR Fédlrbeldfmérﬁi thé | icq@lrém 'h+ By MBS 11 im CMOS

arried out by a owtenperature tilm production

gerfrc Bf anabi@ FgifaRf Him Hicknésd < 3 85inf HaRSBbén extremely

| arge anounts of inpurities (> 10 cm) such as carbon
chatledgihy dAs geconseoaence, it has beeh proposedt thapthehleakdagd tament be

le fil lify.
inhi%llctegl %yud]s?r%: %Pgthagieiaectrllc &&L{gnt' f]iIX\s J\r#grh?l?\méiﬁrr\s’) in the form of metal
oxide films, metal silicate films, or metal aluminate films, which have higher relative
permittivities than silicon oxide films or silicon nitride films, and by employing

physically thick films.

A large number of reports have recently appeared on attempts at using metal
silicate films, which have excellent electrical properties, as these high dielectric
constant films. Chemical vapor deposition and sputtering are typically used to form

metal silicate films.

However, in the case of chemical vapor deposition, metal silicate film formation is
carried out by a low-temperature film production procedure at around 300°C, and

as a result large amounts of impurities (> 1021 cm'3) such as carbon and hydrogen

remain in the film, creating the problem of an unacceptable film quality. Moreover,

since the film composition is determined by the starting materials used, the
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since the filmconposition is determ ned by the
starting materials used, theproblemarises that the

wo pdoanadsposi ti on cannot be altered without chBCEPZP06/063414
the starting materials used. In the case of
sputtering, on the other hald, damage is produced in
the silicon substrate by radi caI species from for
exanpl e, argon, during the initial stage of form ng

probleen gEbed tisat thedil® Eornposifion sanestubé iltefed Withé @t thrigiy the
of a thick interfacial layer (> about 1 nm at the

stagtipg AnateriglsUsed- fi | m sili con substrate interface, which
makes it difficult to reduce the filmthickness.
At om c | ayer deposition (abbreviated bel ow as ALD),

In thii casei of spuitesing, on therothaer hgad edamape ds mredddeldnin the silicon

sutfia® 87 rforol B5ecte¥ 5P J8 BB A/PPE FriRE bieu Rk pae of
formingsthel Metad sillvaty filnh "Thik He@UItSJmJtm' farafatioht dfoartthick interfacial
ay§i bRl d Webt dreirtel) siicale Atstisen Sokpeegaiesiace, which
malééseh@ﬁﬁédlﬁofrébme {rarfiletAiERh&ss. Pat ent Reference 1
describes the formation of a high dielectric constant

filmof, for exanple, Al 2(13 by a production nethod

A EREe} 3obh Bbbr3lBRea BBONRE ABYSLhISOR SRR B forming

I'S” 0 n-ozone-contal At Ng de 1'ZI Ng
gate elmlmtrlsflh}is on anwtormlic my@r lnassjlhasdeeerrtlyamemiesbhbed The use

G Tebh BRls lipleRiToa S Spakent Apesol dn Hadnge the fim
conﬁ;ﬁdéﬁﬁfr’ﬂﬂtﬁbb‘t”blﬁ‘éﬂﬁlﬁd_ e sta’*ﬂ Fnataliad S$P MRl \éﬂlrﬁlhaﬁ; films

second reactant, such as ), is introduced and i s
havechearca widely used Ab@ﬁa@r@@t@d gateedieleckic filandiairaxample.hRRatent

Re f‘ér@ezqddéécgrfb@gethe ﬁﬁ gﬁeeéfeéeﬂlgﬁu&e%%ﬁg fcpﬁ%nabmpnm of, for

ormation an ano net al m na

exa‘rﬁlﬁecﬂlﬁeﬁsbﬁ h%?odﬂdﬁ%'metﬁf)b%n{pgisplg. < x <0.3)

conpri Sing ‘an "anor phous al um num oXi de material and a

et fist @tdplan Wifeh X sigore subdtrate ri @xidirad b?ain b2orfe-containing
crystalline dielectric.Metal alumnate filns such as

t heseOHd#NARAH wi del y used as ALD-fabricated gate
a second step, in which the oxidized surface of the silicon substrate is

hydroxylated, followed by the adsorption thereon of a first reactant, such
as trimethylaluminum (TMA); and

a third step, in which a second reactant, such as H20, is introduced and is

reacted with the residues of the first reactant on the oxidized surface.

Patent Reference 2 describes the formation of an amorphous metal aluminate film
with the composition AlxM(1-x)Oy (0.05 < x < 0.3) comprising an amorphous

aluminum oxide material and a metal oxide, for example, of zirconium, that is a

crystalline dielectric.
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dielectric films. This is due to the |ong-known fact

that filmformation by ALD using TMA (al um num sour ce)
W@s3008/13384 ce material is relatively easy. TherBCTEP®06/063414

al so been attenpts at fabricating netal silicate

films, which have excellent3electrical

characteristics, by ALD. If ALD-fabricated netal

silicate filns could be used in seniconductor devi ces,

MetdhaRinvibatedil®8 DLk agtegdechavi ipeurewiiednusdd é@AKIQfﬁbrlcated gate
current generation than for the use of netal alum nate

dielepirigsfimen Epistis dufnie 898 lRgaceiashiast thad IrafeTRation by ALD using
TMNt(téﬁJ‘Pryﬁﬁm F&? ésr?ét?ur é niftef r| Ié%l)?é?ﬁj thi ck

aci a at t nmet a I cat’e I'm’ silicon
substrate |nterface reduci ng the t hi ckness of net al

Thelg ¥ BiseL bR eyl A GERRAE bR eljBate i, RAIH: have
excetént! electricalptiearbtienstidy, Bt ADC If AYBrfadacated tmetal siicate films
coﬁbhod yses a, netal -cont aini ound in the form of

6 SR8t SABYKYUsion devices: (s weuloenahie grealerpRRIcssion of
Ieal( EQFthPtI;eﬁérﬁ'tlf)ﬁ:Hﬁ)an 24g} 2th@rusié %&aﬁ'a)&nmaiég %Trﬁ@t thereby

erence Japanese Laid Open (Unexam ned or
Impmvmg cpmpmenhmilabdlat |Mﬂremabee1n@oﬂmrgssmlfqrmatlewntof a thick

mteﬁ%&% ?&;ﬁ eﬁn%th am llcgﬁé ﬂ,n%ﬁ@oéggg%gg%rﬁg g&ﬁ]cmg the

thlcRaéﬂehmta%hllldata&fmaswlmedn@asy ndatteexam ned or Kokai
or A) Patent Application Nunber 2004-165668 Di scl osure
of the Invention Problens to Be Sol ved by the

In thl%V@@Ta'rd)rPM’éhh Refsehée t3°dé§lf?|b€§ta3h1e‘fh6d F&t@rﬁlﬂg”ﬁletal silicate
formeéd by the prior-art nethod as cit
films by atomic layer deposition. This method uses a metal -containing compound in

the form of Hf((C2H5)(CH3)N)4 and a silicon-containing compound in the form of

O(Si(CH3)2H)2 or ((CH3)3Si)2.

[Patent Reference 1]

Japanese Laid Open (Unexamined or Kokai or A) Patent Application Number
2003-188171

[Patent Reference 2]

Japanese Laid Open (Unexamined or Kokai or A) Patent Application Number
2004-214304

[Patent Reference 3]

Japanese Laid Open (Unexamined or Kokai or A) Patent Application Number
2004-165668

Disclosure of the Invention
Problems to Be Solved by the Invention
With regard to the metal silicate fiims formed by the prior-art method as cited

above, film formation on the substrate has not been adequate and the film
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above, filmformation on the substrate has not been

adequate and the filnformability requires inprovenent.
woeens@s4 when these fil ns have been used i n PCT/EP2006/063414

sem conduct or devi ces, the conponent reliability, for

exanpl e, | eakage current gefleration, has not

necessarily been satisfactory. Means Sol ving the

Probl ens The net hod according to the present invention

forrhabilityoregLings i provereneaiorcovernetienthdsel mmsfrferv@sb@en used in
hi gh dielectric constant film conprising met

seraippndugler gavises ther PRMBORGNtateYAPY  foranpisei lealsage current
gerl&Fhtith, hB8 nd ﬁeégssﬁrlﬁfﬁe%ln §a‘?i§fa%{ ng conpound and the

gas of a si |con contai ning conp und represented by
the general formula RL R4 R2 -Si " N R3 R5 wherein 1 2

. i he precedi ng general fornula are
Meéﬁ%ﬁ%‘%ﬂ@&@ﬁ?&ﬁpf%"gel ected fromthe hydrogen atom
Th&&ue&mf & atl odording o tﬂge%rhagnﬁwihleérﬁidnl f@ﬂfdﬂrgﬂ*}[g hlbﬁ dlililetftﬂb icbiystant

0 roups .is independently selecte romt
filmgyfar a% &1 diglectrc.epngfang fi I?}rn SAAPIF(NR mefat WH%%“@PH 2 gighpstrate
by %nﬁ@ IXBF Hé}%éll‘idﬁ QdinGRtre QAPSF & %étﬁ%ﬁlﬁlﬁgtdohﬁn@%mhe
fromt hydrogen atom and C1-3 al kyl
gasaefea silicon-contaipingdeampgunseieprassmtead bydh&@enwalrfogenla
atom Cl1-3 alkyl, and Si (R dg\/\,herel n each of the

plurality of R groups is | ndently selected from

t he hydrogen atom C1-3 BW—I and 9 9 NHSi (R )3
(wherein each of the pluralgstygsof R groups is

| ndependently selected fromthe hydrogen atom and Cl1-3

%{PI{M )); and

R , R2, and R3 in the preceding general formula are each independently
selected from the hydrogen atom, C1_3 alkyl, and N(R6)2 (wherein each
of the plurality of R6 groups is independently selected from the hydrogen
atom, C1_3 alkyl, and Si(R7)3 (wherein each of the plurality of R7 groups
is independently selected from the hydrogen atom and C1-3 alkyl));

R4 and R5 are each independently selected from the hydrogen atom, C1.3
alkyl, and Si(R8)3 (wherein each of the plurality of R8 groups is
independently selected from the hydrogen atom, Cq.3 alkyl, and
NHSi(R9)3 (wherein each of the plurality of R9 groups is independently

selected from the hydrogen atom and C1_3 alkyl)); and
the value of (the number of carbon atoms in the preceding general
formula)/(number of silicon atoms in the preceding general formula) is no

more than 7.
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the val ue of (the nunber of carbon atons in the
precedi ng general fornula)/(nunber of silicon atons in

wo bwopsasedi ng general formula) is no nore thaPCTERR006/063414
high dielectric constant filmis formed in this film
formati on nmet hod using a siPicon-containing conpound,
as represented by the aforenenti oned general formnula,
that contains the Si-N bond. This results in an

A mgni)rdwedtn&lédnsimnmm is fofmel Inhenis Uit foamnatiem tnéthod usmg a
i nproved conponent reliability. The inventive nethod

siliqoprcarigininga CPRWOLNd e ASc 6ﬂ@f@§?@tledd@\\/ i the Alerementioned cgeneral
forrﬁhl%p&a‘?tzoﬂt%frfg th S?—Itl 'b%hddTﬁlg ?&éﬁlfs% %W]ﬁ\&)‘?%\;eof ﬁlhﬁbrmablllty on

conprising netal silicate on a silicon trat
thefsgbsiratg andp mprovecicompeneitireliahilityi | m on t he

af oresaid high dielectric constant film and formng a

gate el ectrode by selectively renoving the high

Thalirveativg metissth fdrafabridating & 88midbhdeloy deyeaddmprises the steps
silicon film wherein the aforesaid step of formng a

of p gh dielectric constant filmis carried out by the

f 'fJ)rWﬂﬁé’rdThﬁﬂ MBlLAR ERTtantORmh é@rﬁﬁﬁsm% hhétal"8iibae (f)ﬁ’ra silicon

fabricati ng sem conductor devices ause it enpl oys
a sil S@Q&i@gﬁt ai ni ng conpound with the general formula

9 if(\fr‘?rﬂ ngoé&yérgs{aﬂfn@ é}né?ingﬂn%ﬁ ltl’?é: ta dr@s& g r}ﬁéﬁ‘ﬁ eléétilg‘constant

provi Beedoconcent raes on o
car bofilm;iamdt he hi gh di el ectric const ant f| I m This, in

rn,  can provi e ctor devi
| Sortoing HaRecriptiog: BY Selctvaly eernddhaioh figestdd Sonstant

| NPT ORIAta Y Pl Egstifeti@Bndir] ect ric const ant film
usi ng a silicon-tontaining conpound that contains the

whegel aresgitk stepf efaforming ankigh dielestriosconstantdilpyr is\gageed out
i oW inproved reliability.

oy GETEBPb P 55 Sode

This method for fabricating semiconductor devices, because it employs a silicon-
containing compound with the general formula given above to form a high dielectric
constant film, provides a reduced concentration of impurities, e.g., carbon, in the
high dielectric constant film. This, in turn, can provide a semiconductor device with
a lower leakage current. Moreover, the film formability is improved by forming the
high dielectric constant film using a silicon-containing compound that contains the
Si-N bond. These features make it possible to provide semiconductor devices with

an improved reliability.

Effects of the Invention

The present invention provides a method for forming high dielectric constant films
that exhibits an improved film formability and an improved component reliability.
The present invention also provides a method for fabricating a semiconductor

device that is provided
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The present invention provides a nmethod for formng
hi gh dielectric constant filns that exhibits an

wo eroseEss filmfornmability and an i nproved conpONEP1006/063414
reliability. The present invention also provides a
met hod for fabricating a seficonductor device that is
providedwith a high dielectric constant filmthat
provi des a reduced | eakage current and an i nproved

with al High diendiiic constafefiin tMatl providesCarédlicad I6akadehéurrent and an
I nventi on An enbodi nent of the present invention is

imppvad filmefermabiityel ow wi th reference to the drawings. A
structural elenment that is the same in all the
drawi ngs has been assigned the sane reference synbol
BedtMedd for KargingOntithe laventione descri ption t hereof has

An Rt B AP Bt deBiiSd neefique i refprence to
thedrawitgs! @ structiraMeferhéritrthat Isttheasarhdién atrthé mnalwmgerhas been

devi ce considered in the instant enbodi nent
assigiies EW sane: refernces aymbein iy aﬂr@eg@“ﬂn%r% “?%aqesc”m'on

theﬁJb@Waé b&Bh %?rﬂttéd’ésfaﬁbfdp?lﬁié ng this sem conductor
device. The description that follows takes up the

exanpl e of a p-channel MOS transistor. As shown in the

Fiofy"} SN CLe BN Bl Bnfil ot oFrARiGh o {FALAkiGre of an

or fre FEon 20
MOS tasistor ad/be $ernicondictor device Otgnsiwm s thy iestant embodiment.

arttioned out b an nt-isol ati
FialiS. IIP ST 44415 oS Se o PL oy cor 88 Sraras Jh sty adpgthod for

fabﬁr&?’tlngrihlé sefmichnduttdr tddvice. ”TH@‘U&&r%t@h'MQPFOI%Wsd%kEHJB the
i s enbedded in a trench forned in the surface of

exagnple@iaa psehannehMOS trapsigtore el ectrode is construct ed
by stacking an oxide film 16, a high dielectric
constant film 17, and a polysilicon film22 in the
As skeawre ircthegensitomdudtdradeviod inddgure 1, l2a reivkll cegios @ls foraes in a

th - I t t i.on. Th
-tmegﬁ'"a?&%Fr?fienﬁor@'vfd‘;ﬁf&%%ﬁ1\35§s9%5"§'” TaIiag egitng are
parﬁtuéde”dSéutfbwéh éle%&ﬂtuémat.@ﬂéh@%trwhf@ A&noM & SIeRAtrench

hi gh diel ectric constant in_the sequence.
isolgtigr ar SEI. dhearll 4 iszsstrygtuse inwhich a silicon oxide film 6 is embedded

in a trench formed in the surface of the silicon substrate 1. A gate electrode is
constructed by stacking an oxide film 16, a high dielectric constant film 17, and a
polysilicon film 22 in the sequence given on the surface of the silicon substrate 1 in
the p-channel MOS transistor-forming region. The high dielectric constant film 17 is
formed by stacking a first high dielectric constant fiilm 18 and a second high
dielectric constant fiim 20 in the sequence given. Side walls 26, with an
approximately fan-shaped cross section, are formed on the sides of the gate
electrode. In addition, extension regions 24 (regions in which p-type impurity has
been introduced at low concentrations) and source - drain regions 28 (regions in
which p-type impurity has been introduced at high concentrations) are formed in
the silicon substrate 1 in the p-channel MOS transistor-forming region, thereby

forming a p-channel MOS transistor. An interlayer dielectric film 30 is formed as a



approxi mately fan-shaped cross section, are forned on
the sides of the gate electrode. In addition,

w@xaoensdsen regi ons 24 (regions in which p-typePCTPP2ODG/§63414
has been introduced at | ow concentrations) and source
drain regions 28 (regions i A which p-type inpurity has
been i ntroduced at high concentrations) are forned in
the silicon substrate 1 in the p-channel MOS

codtih M%rweslm pfdhhnhélgmo&trensustdmmwg fregion, n@n@amdﬁm n&yer 32

transi stor. interlayer dielectric film30 i

is fogner:dn ggn@gbapﬁeﬁg‘om@ql in fhe nterayendielgeige film 30. The contact
o R A R B e W e R e e

dielectric film30. The contact |ayer 32 is

5 Tnerflouing GustheS JBr R ne: Pighy RIS gAML M, 1 dsedn the
mefRASfaNG instdrilenfoddiAent for fatricEBid 8 defficdridfictor Hedick.

enbodi nent for fabricating a sem conductor device. The
nmet hod for formng the high dielectric constant film

Thé Fhetti%ad tcﬂ%ﬁﬂhg Gfﬂé’ﬂfasr{r&@‘ecf ??rﬁ fﬁ’r? |ﬁ“tﬁé ﬁ%tééritcembodiment

nst an onpriIYsi ng ms
forrn5| kaslmght(helbgtriatmmmistarit &ljmrcodqmsmgt metal usllga phdhgasbstrate by
contai ni n

h ; f
10 atofyd BEH oG8 Tuslo BB Afe PislekdindBiba ofhounsiand the gas
of & §lli¢cB-eoritainkg dS#Rpctind repPdsented By éﬁdﬁallfoﬂn@aR R,

and R in the preceding general for a are each

i ndependently sel ected frorflit hydrogen atom Cl1-3
al kyl, and N(R )2 (wher erh-% of the plurality of R

groups i s independently sellactled fromthe hydrogen
atom Cl1-3 alkyl, and Si (R") 3 (wherein each of the
whereiwal ity of R groups is independently selected from

t hg hyslr ogen at om and C1-3 al kyl 4 5
Rel, %@I ar?d 3aln the preceding gengra)l )formula are each independently

15 selected from the hydrogen atom, C4.3 alkyl, and N(R )2 (wherein each
of the plurality of R6 groups is independently selected from the hydrogen
atom, C1_3 alkyl, and Si(R7)3 (wherein each of the plurality of R7 groups
is independently selected from the hydrogen atom and C1-3 alkyl));

R4 and R5 are each independently selected from the hydrogen atom, C1.3

20 alkyl, and Si(R8)3 (wherein each of the plurality of R8 groups is
independently selected from the hydrogen atom, C1.3 alkyl, and
NHSi(R9)3 (wherein each of the plurality of R9 groups is independently

selected from the hydrogen atom and C1_3 alkyl)); and

the value of (the number of carbon atoms in the preceding general
25 formula)/(number of silicon atoms in the preceding general formula) is no
more than 7.
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R and R are each independently selected fromthe

hydrogen atom Cl1-3 8 8 alkyl, and Si(R )3 (wherein
we@2mh/184584 he plurality of R groups is independeeit/ER2006/063414

selected fromthe hydrogen atom Cl1-3 alkyl, and 9 9

NHSi (R )3 (wherein each of Bhe plurality of R groups

is independently selected fromthe hydrogen atom and

Cl1-3 alkyl)); and the value of (the nunber of carbon

atons in the preceding general fornula)/(number of

silicon atons in the preceding general fornula) is no
Thigfira-forming 7method Rrovides @mimproned Him fBF’BQIP'Wsa% an improved

con‘rl 4 Iéglbi‘?%ldfﬂllit%fj@tm ddet & tﬂ@céléﬁeB@ ﬁfﬁ&nﬁ%@ﬁ%‘?ﬁécmpound

ty due to 1ts use of ond-"cont ai ni ng

withs thel gaeneraldoproula@iven abavedodema the hifb dirléctrigiconstanbiiime

to formthe high dielectric constant film The nethod
of the instant enbodi nent for fabricating a

Thes em@thg@ ctlbfcm@r indearit cmmsdmf@nlt tors fabﬂchﬂﬁb Laa geﬁfmhgmlmw device
1 ele C const ant IImis SCri pe erepe
USIRg t H'Sr érfeéhfé%cfjertrew#vgﬂg e? @Qhod'ﬁ'ec%ﬁs cRBsRAL T {s, described

heréBélbWutf?FH?@r@nH&% Figired 8lgp hcating a sem conduct or
device can be carried out by the follow ng steps: (1)

a step in which a high dielectric constant film 17

The’ ﬁ{)@fﬁraw&fniﬁgt%ht gﬂpoa?\ﬁ?ntf rfa% |€§€n Igﬁc Jdc?ogrh(?wce can

usin orm ng €SCr
be t:dimwmt:bylltmgfom&wg@rsieps?(b) to 3(c)) (2) a step in

o] ycr I 1ine silicon s forne
VR’ D eV prhion. Siieeiin SHTSt M el kg et silicate
and () férndeeni fhé/\’%ih%Bn asmﬂﬁtr%te?'ﬁ%fr{gd%é i Irfnﬂfbﬂ‘ﬁiﬂ?bbhethod
sel ectively renoving t i gh dielectric constant

17 andew@esamytep@tcadllngr(@gyms 2bnta B(an; 14 (Figures
4((59 é%tégm ‘which a polycrystalline silicon film 14 is formed on the high

dielectric constant film 17 (Figure 3(d)); and

(3) a step in which a gate electrode is formed by selectively removing the
high dielectric constant film 17 and the polycrystalline silicon film 14
(Figures 4(e) to (h)).

A step in which a silicon oxide film is formed on the surface of the silicon substrate
(Figures 2(a) to (b)) can also be carried out prior to the step in which the high

dielectric constant film 17 is formed.

First, as shown in Figure 2(a), an n-well region 2 is formed in the p-type silicon
substrate 1 and shallow trenches are also formed in the element-isolating regions
of the p-type silicon substrate 1. A silicon oxide film 6 is then embedded within the
trenches to form the STI 4. This silicon oxide film 6 can be embedded, for example,
by the following procedure: a silicon oxide film 6 is formed on the surface of the
silicon substrate 1 in such a manner that it fills into the trench and the silicon oxide

film 6 is then etched back, for example, by chemical mechanical polishing (CMP),
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A step in which a silicon oxide filmis forned on the
surface of the silicon substrate (Figures 2(a) to (b))
w@2m6abesed be carried out prior to the step i n PI/EPRDEIGG3414
high dielectric constant film17 is forned. First, as
shown in Figure 2(a), an n-%ell region 2 is forrred in
the p-type silicon substrate 1 and shall ow trenches
are also forned in the elenment-isolating regions of

to exPOse they SErfaud dfane sBighs subéteatd 1 whitd leaomp the siieor okidetilm 6
IS then enbedded within the trenches to formthe STI

within theyfreneh.| i con oxide film 6 can be enbedded, for
exanple, by the follow ng procedure: a silicon oxide
film6 is formed on the surface of the silicon

Thes susfacaitad thei silicarcisubstnatantristthen d¢learad lapdi ineated hwith dilute

e, 836 (DRI areE Wil bl canelkRigy o5 gk Sfigon oxice

film( &€N)foired opothe $ilrtaceubf &e sititor RAbsiratect. nASm’stShr@i dielectric
ile leavin heS|I|conOX| efl]Jm6vv|th|n

coq\giq%]lqgﬂ{n Hhis rformed on e syrace el tgpailigon exide t}imtq]élﬁlgure
2(b2)I %@eﬁ)rrﬁﬁﬁoﬁ ro?@lﬁ@%ﬂi@bﬁ hoxéildd irg d“)%’k%' |P%bh§b@ciodprevent the

whi ch an approximately O.
dn‘f@$lom @cﬁrth@xmeiel elemang in ¢he dirstehigh mlele@trls @pﬂataet Brm t19einto the
sili n %B’aﬁauPStrat e 1. Afirst high dielectric constant
I'm I's then formed on the surface of the silicon
oxide film8 (Figure 2(b)). The formation of the

i de
Thig 3t BB e o R ISRt T ebis Brovdat. by (Toahng 4 piah dislectric
corf%téﬂt%rédinﬁr‘i%fﬁd Amdtall silicaté dr tHeOsilidsh §hﬂ)$tf‘eﬂé‘ ﬁB?%térﬂkelayer

This first high dielectric constant fil

depesiipnd ddorgy speeifieally. operafingdmweihir: @ni é\LQoldgmﬁt mﬁetlaknomde is
de;%%ﬂ@?'éﬁqg "BfiHn §hbét?4’@l|é %di'ﬁ%ec. Ca:f'lbac‘trﬁé)tra?c&ntammg

a er deposi
commm.rmi mntg the Sihcm sabgitie deand:thereaﬂearfeeﬂ(mgj an |os{|d|zmg gas onto

theallP(g)%:Télf troail%r‘]l{q §|rSI L Bg%@%ﬁﬁt&& |81llhﬁé (iq edlgg% on %e silicon

subsHBed nape fdedifg & §as A4 %mci)ﬁ%@hfsﬁh.ﬁ@ compbupidnentdathe silicon
onto the silicon substrate 1 (first Step). Silicon

subskateeand thereditar dpraing an axidizing 9p pnt,cbwesajty@nrsalbétrqtet(?econd
Ste{’ﬁ?gﬁ',“@% gﬂsthgée First! A’ 08y 5¥bR! REuRL TP Y forfHiEtiBn on the

surface of the silicon substrate 1 of the first high dielectric constant fiim 10
comprising metal silicate composed of metal, oxygen, and silicon. That is, the first
high dielectric constant film 10 is formed by the sequential deposition of metal
oxide and silicon oxide. The thickness of the first high dielectric constant film 10
can be from 0.5 nm to 3 nm. The oxidizing gas can be, for example, ozone or an

oxygen-containing gas.

The metal element in the metal-containing compound used to form the first high
dielectric constant film 10 can be exemplified by hafnium (Hf), zirconium (Zr),
tantalum (Ta), scandium (Sc), yttrium (Y), lanthanum (La), cerium (Ce),

praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu), gadolinium



substrate and thereafter feeding an oxidizing gas onto
the silicon substrate (second step). Repetition of
wo bmsa3dss4 st and second steps results in the fPCTEP10061063414
on the surface of the silicon substrate 1 of the first
high dielectric constant fi1%n 10 conprising net al
silicate conposed of netal, oxygen, and silicon. That
is, the first high dielectric constant film10 is
(Go‘)Otdi‘Bid YT eiyspms&m i(Bly), dep@firh i (P10),0érbiwh qErpmﬁmlamd(Yb)
| icon oxjde. The thickness of the first
anqjiué@é’d'ﬂ {le). s eamor fmene sejeetignspiEom, thg, ferese%ﬁgtc@nsbe used.

HafAflm [86 P %irdbaiuRe( ZJZ% &%ﬁérgﬁl Jﬁ%ﬁ ﬁ%ﬁ@ﬂ*s@antmlﬂbnﬁﬁs the

oxygen-cont al ni ng gas ement
metabekimerdrin dhenmejaleontaining aesepund. Tbe rmetakcdntaisingh¢arhpound

s toel CHAEL 06, RSl Aveer B, pAbuSt Bhongnirs
AT, kA B RS0 e
tet B ERlA o HEMC2R )| erbium (E1) vt terbi um

(Yb), and lutetium (Lu), and one or nore selections
fromthe preceding can be used. Hafnium (Hf) or

The silicamcantainiiig corspquref israpiegenteddyi thetgeaeral sorantla
enbodi nent as the netal el 4 1N the
met al - cont ai ni ng conpound. "The; et al - cont ai ni ng
conmpound itself can be sB%tSrf-rN:al ly exenplified by

10 tetramet hyl et hyl am dohaf ni (,-\Hf(N(CHB )(C2 H5))4),

tetradl met hyl am dohaf ni um (Hf(N(CH 3)2 )4), and

wh ?rét”r adi et hyl ani dohaf n| um (Hf ( N(C Hs) )-!). The

ST T SRl AL, el g

,R naeggg\lgéﬁbﬁ trrrm] ?h %38%%'eﬂgat§%n%r 1-3 alfk§;Ir g%haN(%{re'?z ?veﬁgrein each

of the plurality of R groups is independently selected from the hydrogen

15 atom, C1_3 alkyl, and Si(R7)3 (wherein each of the plurality of R7 groups
is independently selected from the hydrogen atom and C1-3 alkyl));

R4 and R5 are each independently selected from the hydrogen atom, C1.3

alkyl, and Si(R8)3 (wherein each of the plurality of R8 groups is

independently selected from the hydrogen atom, C1.3 alkyl, and

20 NHSi(R9)3 (wherein each of the plurality of R9 groups is independently

selected from the hydrogen atom and C1.3 alkyl)); and
the value of (the number of carbon atoms in the preceding general
formula)/(number of silicon atoms in the preceding general formula) is no

more than 7.
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sel ected fromthe hydrogen atom C1-3 alkyl, and N(R
)2 (wherein each of the plurality of R groups is

wo pbepassent | y sel ected fromthe hydrogen at onPCZEPRI06/063414
al kyl, and Si(R )3 (wherein each of the plurality of R
groups is independently seltcted fromthe hydrogen
atomand Cl1-3 alkyl)); 4 5 R and R are each
i ndependently selected fromthe hydrogen atom Cl1-3 8

Am8n@! dilidon-comtaidingRoormpdutRr @éfineRinby thé précedmgigahkial fefmula,

R groups is independently selected fromthe hydrogen 3
theaisenis prafedredl dfydilicoarmbnaifinhHSinfpounds(intveiieh R e®haall R™ are
the plurality of R groups is independently sel ected

eadh’ Hadpeadémy) earittat Froninttle Cydrogbik Yatbin, mafhyi hR(@AL)E and

of (the nunber of carbon atons in the preceding

NH8R c%z; aherpﬂ‘uhﬁa/Fé~‘harao@Pcmno?édelneenuﬁ&eu@&tédnfr&hemg hydrogen

precédi ng general fornmu i's no nore than

wof . SHIL SO FPRETE ey 1 1 e s

silicon-containing conpounds in which RR, and R are
each independently selected fromthe hydrogen at om
Thegengantrafiprig jmpuriies, aueh agisa(bons jrethentigii diglectric &p@stant film

17 £y ﬁe: r@ﬂ@@ﬁ%ﬂ&éﬁéls}écﬁg \fagjeer {ﬁgﬂﬁ@bﬁ’ %’ggﬁ%ﬂgﬂ%b‘” of Si

atornsmosrﬂetaatl oa grbaterpthlant Vel's)r silicoin- Gmta:angouompoumdae with the

hi gh diele tr|c co nt fi 17 can r.ed
prefudflg disneral tirvuia- brrbrmaser Tt Aok Afamouttg o g highhgtectric
cor@fan‘ﬁlf I Q7s)s iriproRéd %edé@sérm%t §|l|cér’f1@@nt5|nf iy compound has a
|'i con- cont ai ni ng gmoun s with the preceding

Str%fér tat reaniring. they bePfe As Re CONSAAUEHERR TG igepetsation of
leakdlfe BLABNisCinfifbitebiCin the semiconductor device provided with the high

dielectric constant film 17 and the device reliability is improved.

The silicon-containing compound can be specifically exemplified by (SiH3)3N
(trisilylamine or TSA, melting point = -106°C, boiling point = 52°C),
SiH2(N(CH3)2)2 (bisdimethylaminosilane or BDMAS, melting point = —104°C,
boiling point = 93°C), SiH(N(CH3)2)3 (tridimethylaminosilane or TDMAS, melting
point = -90°C, ©boiling point = 145°C), and SiH2(NHSi(CH3)3)2
(bis(trimethylsilyl)aminosilane or BITS, melting point = 28°C, boiling point = 40°C),
and one or more selections from the preceding can be used. The use of these

silicon-containing compounds provides even better outcomes and can efficiently

inhibit leakage current generation and can yield additional improvements in

reliability. (SiH3)3N, SiH2(N(CH3)2)2, and SiH(N(CH3)2)3 are more preferred as the
silicon-containing compound, and (SiH3)3N is particularly preferred for the silicon-

containing compound. Since (SiH3)3N lacks carbon, it provides a particularly good

reduction in the concentration of impurities such as carbon in the high dielectric
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constant film 17 is inproved because the

silicon-containing conpound has a structure that
wW@owbasiss4 t he Si-N bond. As a consequence, thePCT/EP2006/063414

generation of | eakage current is inhibited in the

seni conduct or device provid®d with the high dielectric

constant film17 and the device reliability is

i nproved. The silicon-containing conpound can be

corspetti filnt akdsultige wp! & f pgtcligriy Ssthéhg Inhibitibh sof Méékﬁglée current
or TSA,_nelting point = -106 0C, boiling poi

gengzat@n Fgrthg(mr@,@eyq.)sg 'E hAs @i Wéhﬁh‘&@'lupﬁﬁéh%ls'—"‘ bond, it
alsg%ﬁg@ggal% I??(gelfql nfhmrgqrm%gﬁ;{ ol l#;@%(gptm ot a%e @|H3)3N
(t”gé?'ﬂbk ﬁﬁgﬁ?@é) )ﬂéus) g (8&1 S( %‘#ﬁe@?ﬁ)@%ﬁ am noﬁ)slieﬁ n@e Gurrent

inhiBIti6s, andebetten dilnp formiabilit8° C, boi | i ng p0| nt = 4000, and
one or nore selections fromthe precedi ng can be used.
The use of these silicon-containing conpounds provides

Forﬁ%é‘hﬁn ksttthe firStUhigRe Hse&he déﬁﬁtaﬁf fﬁln"?'ﬁnéé Hehéﬂbé@l‘ &bove may be
| eakage current "generation and can addi ti onal

followed by ergansHi cahom teatasntiof $he {irst hlgh)dﬁlECtBP qepsiaat-fim 10. The
deﬁs%rc%tloﬁQ%aﬁhUﬁwﬁ%dL@ 2af dfsé;ﬂ“é? ﬁ%?ﬁf?%‘ éﬁlﬁ?gén tdég or a gas

I'con-contal hi ng compound,
affqpded by mhmadghtlpn of arveeyl siail ainfrarund iof bxygmngnsatmrhltrggen gas, and

car SRR 0 A S 55 Miek oSt o, B4l Bookeiil Athéairhtment

tlmééTH#thH Q6 80 GecdAds N0 Rehl treBBnéntdemperatures from 700°C to
l ectricconstant film resulting in a particularly

105& fo ﬁaeumﬁtﬂpatmhtr@atm%ﬁm&@%e%fﬁ A alg@rh@r%arn@% out as a rapid
heﬁufrégﬁﬁﬁ%g% dﬁ&é‘r@%ﬁlgo arﬁﬁ%ﬁh Sit’ Weht! ft?x?a[tﬁh%t tl?ﬁéé‘ deSm 0.3

It a provi s an excellent f
mlllfsecund)th)QnuhllsenmeISpect to substrate. (SiH3)3N
(trisilylam ne or TSA) thus provides excellent bal ance
bet ween | eakage current inhibition and better film

A skeordbighl diglectrier dodistam fith 12hie theh $érnied6n dhebadhde of the first
constant film 10_as descri bed above may be foll owed ({hlgh

high, dielgstric eenstat il A0nthiigursr 3ol Mpres spacifieally & seeen

el EOR St [ 82, COPSoREE mAiaPsil e oRfiosedof metal, gwygen.
andasificond dsi fdssnedHay algdiic iayer depasitien.yT henmetal @tayoent iofthe second
higr?xéliglggtr@aéorlis?aﬂi ﬁl'fnoglpzn iJfve sgpr% as that constituting the first high
dielectric constant film 10, and the use of hafnium (Hf) or zirconium (Zr) is
particularly preferred. The second high dielectric constant film 12 is formed in such
a manner that the (metal element)/(metal element + Si) ratio is no greater than 0.6.
It is believed that reaction between the second high dielectric constant film 12 and
the polycrystalline silicon film 14, vide infra, can be inhibited by this measure and
the generation of leakage current can thereby be inhibited. The second high

dielectric constant film 12 can be formed in a thickness of about 0.5 nm.

The second high dielectric constant film 12 may also be a metal silicate composed
of metal, oxygen, silicon, and nitrogen. In this case, the nitrogen peak
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can be carried out as a rapid heat treatnment by ranp

annealing at heat treatnent tinmes from1l to 60 seconds
wa@emohaas4 t reat ment tenperatures from 7000C t oPADBEPHC/063414

The densification treatnent procedure nmay al so be

carried out as a rapid heat'dreatnent by flash ranp

annealing at heat treatnent tinmes fromO0.3 mllisecond

to 100 mlliseconds. A second high dielectric constant

corfcehﬁatlcﬁ'l InsthieNgutohar gl daedthe coHstaat fRind A 2tdam lbe rfr:btn 10 to 30
di el ectric constant film 10 (Figure 3(c)

h
atog\ife/ei Yihes e nitgpaaadenak Yl isiees dean Vil adrisiicatian of the
secbfd grﬁq;mmée!]e}'ty MOcoRtAit fith!4 ff\ﬁﬁleodé@%eéﬁé*e d'FRE&iffusion into the

oxygen, |con, IS orne at onlc ayer
firsithigh diel¢ciric constanidilal 1tbbélnmwtlea, sueh ascsphasphhiusghor boron, that

nav, i tcEEe T8 the oiken fulnb o3 R EieBiadd Rimatipp, cannot
be hdeq@datelyt preveatedofurvey el mctivitingoneat treatmentd Afep thes second
niof SleleaHe CPnStat Bim J21T5is,een ForSiethtds plRSied: foxg depsifcation
treétﬁ?%h?]us?h@ Fﬂ?rriﬁé K fs‘irﬁigﬂ dléie‘ém?:rﬂon§ta$ﬂ Firhapi o is no

greater than 0. 6. I's believed that reaction between
the second hi gh d| eI ectric constant film 12 and the

The Jﬁ)‘rﬁt%ﬁg@#brf oird ARR dleldbr rotdillS hiRf 12 isC@oREd by the

'S nea ure an e generation o
forMamka@é acpolyerystatlm sifieore fiym bbt ionhihel s@rfaceTbe tieeegeoohd high

. high di i f
dielBfTGEStanE ims 2 00 By gon imPieRiation i dhe PO oG ik Siigon fim
14 Qlf’i@ﬁﬁeand)f 'Bé?oﬂiz(ﬂf% ih-FAplafted MBI eRdmplealfderodtaiRPation

silicon, and nitrogen. In this case,

due Wethﬁuf@rﬂm}m %é@ﬁambr@gmz dthasphoris (Bddsiea-impdanted when a
p_wgw?@g wﬁ:‘gast ant film12 can be from 10 to 30
atont c%

en the nitrogen peak value is |ess than
this value, densification of the second high

A plpfreSstnst BiheR tormed B fimifa anoareist BlRkbe SRowhl G the
surﬂdéeqff thébedlydrj/sﬂélhné hidon Silhs R@o8mgOthegdte Nbledthitfe pattern,

have been introduced into the polysilicon during gate

and:fdevelepment. &tﬁlamgdw'rammﬁaphgt@r%ﬁu@qmasléw tbﬁ‘é\?é?h é*tﬁn gives a
oaf 145, O & LB R4d YR it 01 Bl Saigart
18, |secsudjfmh didleatricy cdmstant filon20,0and polysilicon film 22 are stacked in
the sequence given (Figure 4(e)). This etch is followed by removal of the
photoresist mask. Then, using the gate electrode as the mask, low-concentration
ion implantation is carried out on the surface of the silicon substrate 1 to form self-
aligned extension regions 24. Boron (B) is ion-implanted in the n-well region 2 in
the embodiment under consideration. Arsenic (As) is ion-implanted in the case of a

p-well region.

A silicon nitride film is then formed in a desired thickness so as to cover the surface
of the silicon substrate 1, and this silicon nitride film is etched back by anisotropic
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treatnment just as for the first high dielectric
constant film 10. The formation of the second high
wale@bastssd c constant film 12 is foll owed by thBCT/EP2006/063414
formation of a polycrystalline silicon film214 on the
surface of the second high Hielectric constant film12
and by ion inplantation into the polycrystalline
silicon film14 (Figure 3(d)). Boron (B) is
etching- AR etk dhersilidea rekideriie reméms 69Ip it e Bidewurfddes of the
to the formation of the n-well q%)on 2. Phosphorus

Qat?Pjeqtré’dPofﬁ’fml?@tﬁﬁts&? Wﬁ'éﬁs;ﬂ':'ﬁu(ﬁeﬂ region is formed. A
photoresi st mask is then fornmed by formng a
photoresist film (not shown) on the surface of the

lon ;im;%antqualsl thee oa‘rnied:ont $ingnt11e19at§.xplestro@e ahd ajm walls 26 as

theS‘h%cl%t greg %ﬁ%@bagg i |gn %:98 ”‘:ﬂér@luﬁ%cg*f%ngg{i ént suﬁace of
the%ill%hrﬁﬂj%tﬁafé Whirt bhe Bmbdidimértrurier denbideratibh, bbrdrstB) is ion-
h dielectric constant film 18, second hi gh

Impéargefém the: nowslktegin 2i Ameis (AR)ds jrn-iaplantegninthe mase of a p-
th Fi 4 Thi
We@{%@f@qﬁ?l%@_ e sequence given (Figure 4(e)). is

d by renoval of the photoresist nmask.
Then, using the gate el ectrode as the nask,
vv-concenft

AT B R rsopHs el iBeraRscas dh sTigSh subgiats 1 is Slomitted
to é%étahéétnﬁgatﬁ?@rﬁrﬁ%'lr@“ rérﬁﬁ'émﬁeaﬁﬂg Bﬁl%%n(;ﬁhnhéal activates the

ron-inmplanted in the n-wel reglon 2inth nmbodi ment
polysiliton dithm s22) e extension mgwm (@8] saurcen- drmm alegieth |2|8 The

t he .cas [ n ni t fil
temiaBGatGRS T Jhs APV AG: bl PRetcidrlcs' 86 et 19°E5 pindrHigh the
terrfperdtars oPthd @ensifitatiopntréatassnt ahgt fbllows dofrhatiors bf tmaonrst high

nitride filmis etched back by ani sotropicetching

dielgctricanstant fikn 40| andosegandrhigia dislecisic epnstart Hm 2. a‘b ptq{@nnel
MO\‘;\Sja ﬁ?nsﬁz%ibf ?scf?ﬁmgﬁ we%ééecﬁﬁig ég%d?m |ﬁ@rl?¥é‘r§’ﬂg%‘étrﬁﬂ fif 30 is

(F1 gur [on i tation
thegp donnediconaringsthegilicos sybstratel tand electricallysianduativg mategial is

emPEaah i B et PRES SperBelirofhe; Ris bl el iRcag B 2
coritacttlhﬁ?re&?dgn mgnrc]:uandennelﬁrlnml lgethét $2ch? legion drid) drain region,
jonimplanted in the n-well region

therely_ PrRgHEIRE < SPMIGORFUEtQE deyicethghaps the WMos trénSLJ;tor structure

shown in Figure 1.
The advantageous effects of this embodiment are described below.

Improvement in the film formability on the substrate has been desired of the metal
silicate films afforded by prior-art ALD, for example, the metal silicate film formed

by the silicon-containing compound described in Patent Reference 3. Problems
with film formability on the substrate surface have existed even with SiHg

(monosilane).
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region (Figure 4(g)). After formation of the source

drain regions 28, the silicon substrate 1 is submtted
wo ooe/136884  heat treatnment using ranp anneal i ngpCTBEP206/063414

ranp anneal activates the polysilicon film 22,

extension region 24, and sol ce drain region 28 The

tenperature in this activating heat treatnment is at

| east 100C | ower than the tenperature of the

Thelpiwenfors ehiried dutdesisiat invéstigatiohs mwiehvosmiabse Birefimstadces in
first high dielectric constant film 10 and second high

ordgy {q ignreye theotilat tarmabilifyby etal sificatmfilms onihe substrate surface
and H@Eé\fe%&’ as das e]T SOl TRst ﬁ?% ﬁ)ﬁﬁghgihl 2 tLr{eégs@s?rEFe cdiild be efficiently

I nt ayer ectric rnmed coveri ng
improneds iblyi using sabsilican-eontaining ebmpound afsiligon osalirce) that has a

spelficcrt dyule” ARGRCSodcely e BFeotts i SRERET tidt rdSuse of a
silicda-dopitaifingct mrﬁpd)umpn@eﬁtaumﬁg t @hé heSisursshd ecamn padvdde a
SerfIRaRaUAIG bR Rt SEialRs 86 X erd: T RGN AnFng.fbstrate
andlan TH\%ré\%‘daFHhﬁgiﬁﬁ/usf e frisloSeMent m filnf mmﬁ‘bnaﬂhﬁ syubstrate

descri bed bel ow. "I nprovenent in the filmformabil
ancbhin agditionbe raboyetesciied inhilbitior @f dealtage enrrent generatlon are
silicate filnms afforded by prior-art ALD, for

l e,
mapifestes thipugh the biee of (Simsjay. b2\ GHea2)2, or SIH(N(CHns)z)s, while
silicon-containing conpound descri bed in Patent
a geed balance ismapifegiee ins paiticulaf by ithef userab(Silig)gNon t he
substrate surface have existed even with Sih
(rmonosi | ane) . The inventors carried out focused

A sbﬂﬁ(,’bﬂdu@ﬁ)tr'dé@ﬁ:e' 13 fé(br?d%itéﬁ it |ﬁs%)r/1f EH'{BBHﬁﬂé‘rﬁ C}) foririiFa high

to 1nprove the filmftornabi metal sili
dielectrigscanstart dilm s a rSzﬂtcenﬁmbstia@ @siag e sm;xretrcudalamgacompound

with] ft?lgl %ﬁ%}?f thlrJnLrJ%f g@gﬁbhbb\yé’ AN sgn{fco%giﬁé or n{i@vl&-? % dth%?efore

yusin
provldﬁﬁcthaﬁeﬁ(lslblm coducanl feve)s bﬁ&hpllmi:tbsa supk s tarbon, |n the high

uct ure e s i ficall the nvent or s dlscovered
d'elﬁﬁ{.!\'tc F%t%%tg/?'%? aiPdsthscénr di ﬁ?k@g%&tﬂﬁﬁu h@nd an improved
relig8iftyai ning the Si-N bond can provide a sem conductor

device that exhibits an excellent filmformbility on
the substrate

The Si(OC2H5)4 (tetraethoxysilane or TEOS) heretofore generally used as the

silicon-containing compound has a value for (number of carbon atoms)/(number of
silicon atoms) of 8. This results in a high concentration of impurity (carbon) in the
high dielectric constant film and hence in the generation of leakage current.

In contrast to this, the silicon-containing compounds used in the instant
embodiment have a value for (number of carbon atoms)/(number of silicon atoms)
of no greater than 7. This can efficiently lower the impurity (carbon) concentration
in the high dielectric constant film and as a consequence can inhibit the generation
of leakage current. Among the silicon-containing compounds specified above,
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and an inproved reliability. This inprovenent in film

formability on the substrate and in addition the
w@bweasadescri bed i nhibition of | eakage currentPCT/EP2006/063414

generation are manifested through the use of (S H3

Y3N, SiH2(N(CH3 )2)2, or SIT{N(CH3 )2 )3, while a good

bal ance is manifested in particular by the use of

(SiHa) N. A sem conductor device is fabricated in the

thebd MBBt SEPRANAERbG BY pbRIdidbyPin! b df meggérrbioﬁ-free (SiH3)aN

con iI'mon a silicon su asin
(tristylahfiRe (FSA)ai ni ng conpound wi th the general formula
gi ven above. A sem conductor device is therefore
provi ded that exhibits reduced |evels of inpurities,
o , Coh di . S . .
w45 e Rt o a b EACR B S0 obdf e i
referehceato thet grawigs, $his GCAREXan(ple bf tet presgat insestiar and various

TEOS) heretofore generally used as the

strcfiret ot i i sESQieRT SR B8 STRAVSEE or (nunber of
carbon atons)/ (nunber of silicon atons) of 8. This
results in a high concentration of inpurity (carbon)

Fori gxamplenitga bigh| diglaatic consteahtfiimi 1% igndeswihed im thednstant

em?ﬁ(ﬁ\ﬁ{eﬂ? PG drSPHREBYSEGREire, bt ﬁ‘?\%%ﬁ%%reybé med of one

e Si |con-conta|n|n¥ conpounds "used In the rnstant

or reafeddyensrandithue nayae astdoled struotues obthresobmore layers.
atons)/ (nunber of silicon atons) of no greater than 7.
This can efficiently |lower the inpurity (carbon)

In itioR) tHeahighndiélBctrib@oRbeint Hin®HZdani se foPmetiasit ond layerBE long
as a consequence can inhibit the generation of |eakage

as thgr(imetal element)/ (metal slementt SHTale Af e kighsirlaettc constant film

i b ve,these effects are manifested in

S "E’%?t&f“fgtﬁgar’ﬂgg the use of the carbon-free (Si H3) 3N
(trisilylamne (TSA)). Wile the precedi ng enbodi nent
of the, present.invention has been descri.bed wth. . .

Mo citB. Brererinie §Rainelt conceins the tmaUB ol 2o o, gielectric

conBlzrfi @ilth 17rvreEIhe! SUMfads bf 1R siftsn Stsieité!N agitr4 BRitoh bRide film 16
this structure can al so be enp ed._ For exanpl e,

o t he
thergbghvesms but the bighodistestric eqnstantAilmg! Tuayralsr geifarmeg directly
on gh@sg@gce gin&{}{sig},t,%@éq_s of a two-layer structure,

ut ely Do

It need ner ornmed of one

Examples
The following silicon-containing compounds were used in the examples provided

below.

Silicon-containing compounds

. (SiH3)3N (trisilylamine or TSA, melting point = -106°C, boiling point = 52°C)

. SiH2(N(CH3)2)2 (bisdimethylaminosilane or BDMAS, melting point = —104°C,
boiling point = 93°C)

. SiH(N(CH3)2)3 (tridimethylaminosilane or TDMAS, melting point = -90°C,
boiling point = 145°C)
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or nore layers and thus may be a stacked structure of
three or nore layers. In addition, the high dielectric
wa@oenstizass4 fil m 17 can be formed by one | ayer aBCT/BPZPO@E63414
the (nmetal elenment)/(metal elenment + Si) ratio of the
high dielectric constant fil'mis no greater than 0.6.
Mor eover, the precedi ng exanple concerns the fornmation
of a high di el ectric constant film 17 on the surface
of the silicon substrate 1 with a silicon oxide film

16 therebetween, but the_high dielectric constant film
Vago; H‘&?S'd'lesﬁu'B@Sffé‘f ﬁﬁeseuﬁl@emcyntmnmaecwwm gfe feported in

Figdia b AeAa i %@al%ﬁxfygﬂgrﬁs_ eFEOSTenPidh Rrin wideisesas
sili :Oé/dng ﬁllngﬁé&%mﬂéré% F%Boﬂe'&' 137 r%f%i@r%‘léggﬁ%l.&g' g@n&'ﬁs that

ne" or I'ng pol n
TSAOBDMAS, arid TDMAR h&ye SigHe( MapbiSpras8ures than TEOS and thus are

eas&bi Sf%bnfqt ﬁ?ﬁgg &{1) };Lljlgggﬁéjrrsg} p;ermgep@nfgél nrﬂaé)gsl r|1te _It ﬁéls a very
hlglﬁt\fa’pgrL %éﬁmeﬁﬁhﬂ‘bﬁis' f2ed fsm HAVBRIindy! dylingerPR! FBBssbee HAd it is

C, boiling point” = 145°C) Vapor presSsure curves

a|SQFré§@f§alh0@on cont ai ni ng conmpounds are reported |n

Figure 5. Si (OC2Hs)4 (tetraethoxysilane or TEQCS),

which is in wide use as a silicon-containing conpound,
TestExamplertported for reference. Figure 5 shows that

TSA, BDMAS, and TDMAS have hi gher vapor pressures than
TheT rebaticnsdin betwemeS@asﬁlnn dhibkmetiscandr gpmber ofircycleal was verified

offers a nurrber of _advantages, i.e., it has a ver

using JPMAD P W’@sﬁﬁ‘pe-r%ésé% s'ﬂ'%cwf@m'%cwﬂap%ﬁ%/yfhe results
are‘-‘r)ébbr‘l?@dE In Fp Ré)ésﬁBééiﬂ b tsilicin xR Iﬁ\e\ﬁanforﬁﬁar deposmng

Test Exanple e relationship between Siq 2
SiOohbRkAesurkiee GRuaRIcoRl substla®s B atRhittingethe S|I|con-conta|n|ng

compound into the chamber and feeding it onto the silicon substrate 1 and by
thereafter introducing ozone gas into the chamber. This was carried out at a
substrate temperature of 275°C. The process of forming silicon oxide film with a

thickness of about 0.08 nm was set up as one cycle.

When TDMAS was used as the silicon source, the interior chamber pressure was
held at 5.0 torr in order to secure a film formation rate of about 0.08 nm/cycle. It is
thought that this was due to a greater difficulty in adsorption to the silicon substrate
due to the lower vapor pressure as compared to the other silicon sources. When,
on the other hand, BDMAS was used as the silicon source, the interior chamber
pressure was held at 2.0 torr to obtain a film formation rate that was about the
same as for TDMAS. The interior chamber pressure was held at 0.5 torr with TSA
to obtain about the same film formation rate. Thus, pressure control for the
individual silicon sources is necessary in order to bring the film formation rate to
0.08 nm/cycle.
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usi ng TDMAS, BDMAS, and TSA as the silicon-containing

conpounds. The results are reported in Figure 6.
wepweildiseal |y, a silicon oxide filmwas formedP@yEP2006/063414

depositing Sig 2 on the surface of a silicon substrate

1 by adnitting the silicon-tbontaining conmpound into

the chanber and feeding it onto the silicon substrate

1 and by thereafter introducing ozone gas into the

Thesl@arébalts ca'rliﬁrmeaaﬁat:ﬂfer uSoPTDMAS, BOMPS, laAETSA as the silicon-
enperature of 275°C. The Eeocess of form ngesn [ icon

CO”&QJNH'S qonMRAURK: RToYded apiaxsgtenttfiln ermakility onrihe wegage of silicon

subsiafs one cycle. \Wen TDVAS was used as the silicon
source, the interior chanber pressure was held at 5.0
torr in order to secure a filmformation rate of about

cle. is thought that this was due to a
Tesg%r@ﬁgfﬂ cul ty in adsorption to the silicon
High ldi@lﬁd‘:tﬁb %ﬁdﬂ@nt Tﬂrﬁé‘l@-lﬂsﬂwafe filer) \%eré fePTed 3caﬁd|ﬁgrmm@ thethod
e.other silicon sour : en, on t her hand
of @9!\/?@%%%@9%' ?Hee@PP‘i?'Elﬁﬁ“’sHﬁPQet,e"? Sﬁ tgytagydohafnium
vvashldat20 orr il
QNEEEIAES %m@ﬁce{aeﬁwnq fad 5lng EoPPSS Bhilas, of Tsa
f S 5%d " ,
as Tilﬁt? s'lllfzgﬁ doﬂfalﬁipg rse\g?r'e (%bﬁrg ?'Fer ?Tll'fHt ar (SSI ition ratio
(Hf(HO s, sp) erss*.he é-lfcslhrtatolf Irhoas ehfunictioi \of d-tlfé(Hf sit ISl)cumthe starting

mafe(slfa[ra elﬁl nec %6}/@'5(?%%;%?7/[@'3&; o @%s an(cbon of the starting

maféfr”lﬁf lu%wdahdi‘aﬁ/aé loes yore fof THAVAS0 BW BENAS Sthc2 5.0 gt for
|'i concont ai ni ng conpound_ provi ded an excellent film

TDM&WUQSF? elemparatiye pPHEES &% Was usedn substrate. Test

Exanple 2 Hi gh dielectric constant filnms (Hf silicate
film were fornmed according to the nethod of the
Fighrer €i shmfm/éhate&er CduemsitidmdifrthetHf giicalg film could be very well

corﬁrﬁg(re rfgué eth,g L%tlﬁg&%gg%%e%)q@at was also

orﬁuhﬂeélthatcma,r 6/ (Hife rsmoﬁmmmnokatuﬁlcﬁuhe Hf &mmétmm b@uld be
nposition ratiaq in the Hf sili

contioligg SEoEa Pt ra@ﬁecf'i’O”HP/t? 400%. ?dP"HOE‘ HEWap gonTiFRed that the

Hf/(Hf + Si) ratio for the individual silicon sources and the Hf/(Hf + Si) composition
ratio were controlled at the same level due to having made the SiO2 film formation

rate about the same for the individual silicon sources.

Example 1

A semiconductor device was fabricated according to the method of the
hereinabove described embodiment using tetramethylethylamidohafnium as the
metal compound and TDMAS as the silicon-containing compound. The first high
dielectric constant film 10 was about 2 nm thick and the second high dielectric
constant film 12 was about 0.5 nm thick. The carbon (C) and hydrogen (H)
concentrations in the high dielectric constant film (Hf silicate film) 17 were
measured by secondary ion-microprobe spectrometric (SIMS) analysis. Figure 8(a)

reports the concentration profile into the silicon substrate 1 from the surface of the
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material. The interior chanber pressure was changed as
a function of the starting material used, and was 0.5
w0 o006/186384 TSA, 2.0 torr for BDMAS, and 5.0 t orpCT/BP2006/063414
TDVAS. A substrate tenperature of 275°C was used.
Figure 7 shows that the conffosition of the Hf silicate
filmcould be very well controlled through the Hf / (Hf
+ Si) ratio of the starting material, and it was al so
Hf sincdte rfivd Figuaé S(Q)SSMS\M Hat thSichrissperdeniration a itiee off silicate
the Hf sili ca%& m coul d be controll ed over a broad
filmreas abdutdBx 0T 0c thenuseldf TDMAS a$ theasilicoondourosd
that the Hf/(Hf + Si) ratio for the individual silicon
sources and the H/(Hf + Si) conposition ratio were
Iled at the sane | evel due to having nmade the
Exéﬂgréé)fi Imformation rate about the sane for the
A semiconddictor devidecwas $abricats] agxlesgribedlin/Exampleot) daxcépl“ that in

o 0 S T A BB Hle s
repbﬁ£ "H?é‘”@éﬁbérﬁrtahﬁh Prdfle b he!&llidsn Tst]BstPﬁ?téaﬂ frél‘ﬁrfﬁ@ lé‘ﬂjﬁ‘aéé‘ @f the
the silicon-containing compound first

Hf ﬁll@ated‘ﬂrel Etgure @(l@)oﬁfe,qvaswthahthmcgdo%gomuatlgn inthen Hf isilicate
and the seconglo high dielectric constant film 12 was
filmapMag,abeuts! 140t hewk . fortke use BLBDMAS.and hydrogen (H)
concentrations in the high dielectric constant film
(Hf silicate film 17 were neasured by secondary
ExarAplen3 cr opr obe spectronetric (SIMs) anal ysis. Figure
reports the concentration profile into the

A S§§T]"FCB1§’H°§’[E islevice was fabricatad,as dgperinad iprExarapie h.qxr:eaft thatin
thisf %éé@ Tgh%éf Lﬁéé)assf?@"ﬁléd?ﬁ{:oﬁtgiﬁlr@a POW qggﬁrreaﬁg(cz 'feports

l'icate m was a
thetmcesbamn PO into theesilican suhstm:tertéronﬂbermuefagemf the Hf

sili%:tj | i nI(-;ll 5@3%}%@% thfe?(%rb(?ﬁgSHc%g&‘éﬁ 58 't}l'?g iilf é‘.ﬂlcate film

wag s‘o&'dmﬁgemﬁmrwgs‘gsﬁ?sund Figure 8(b) reports

e concentration pro Into the silicon substrate 1
fromthe surface of the Hf silicate film Figure 8(b)

shows that the carbon concentration in the H silicate
These results demonstrated that the use of TDMAS, BDMAS, or TSA as the

silicon-containing compound provides a significant reduction in the impurity (e.g.,
carbon) concentration in a high dielectric constant film (Hf silicate film) from that for
TEOS. The use of these silicon-containing compounds to form high dielectric
constant films on a silicon substrate therefore enables a reduction in leakage
current in the semiconductor device. In addition, it was shown that the carbon
concentration in high dielectric constant films can be controlled by the selection of

these silicon-containing compounds.

Brief Description of the Drawings
Figure 1 is a schematic cross-sectional diagram of a semiconductor device
fabricated by the method of fabrication in the herein described embodiment.
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20 -3 filmwas about 1 x 10 cmfor the use of BDMAS.

Exanpl e 3 A sem conductor device was fabricated as
walewensdsed i n Exanple 1, except that in this CBCSEEFSA6/063414

was used as the silicon-containing compound. Figure

8(c) reports the concentrat?bn profile into the

silicon substrate 1 fromthe surface of the Hf

silicate film Figure 8(c) shows that the carbon

Flgal@nQeist haproedss ”MiddramHin Srodscabétidn kiat Liflustdategth@bdethod of
Xx 10 cmfor the use of TSA. These results

fabﬂ%ﬁ?ﬁ'ﬂsﬁ semicendueter device iuthgrhereidescrippghembgdimest; as
the silicon-containing conmpound provides a significant
reduction in the inpurity (e.g., carbon) concentration
Figure 3 Isi ghprdicess cliagranc imsresst section that Wustrates ¢heimejhod of

fabliotRlsh SepleBleRE ol it s hesFrveg pmbedimsnt

constant filnms on a silicon substrate therefore
enahl es a reductjon in, | eakage current

Figdienftclsndupicsessi iagram i CRRRR BEEieN | hatm}ﬂgs%%ﬁh?r@?tmd of
fabﬁéﬁhn@aé 5OMiceRAGEBE Hé\hbé’fh ine HYréiR ddisetised éh\“boeﬁﬁb?{tam
can be controlled by the selection of these
SI I [ con cont ai ni ng conpounds. Brief Description of the
a, - on .

Fiogie i bR il shol e VEPOFBIAsBur dRpE B e Bkan;gontaining
commaiunald uskdfimlkivé exdrmplesi n t he herein descri bed

enbodi ment. Figure 2 is a process diagramin cross

section that illustrates the nethod of fabricating a
Flgﬁl‘é"'@i P4 @Péﬂhofhatj §Hd)\ﬁ§ therdlatoriRAIpEbetwaeA Filrh Ifidkness and number
mbodi ment’. Figure 3 is a process diagramin cross

of welesuf@hthtemseu in wihigh @edyows;s ofdforming ¢ siticasy exide fitmg with a film

; ] gﬂg&ﬁﬁ r [ élh% descri bed
thlcgﬁgé§ I men %FO%’E’?@G r!c;)rgéeggadl agramin cross
section that |IIu_strates the met hod of fabricating a
Flggr mégg%gq%%f) shosv\llr{gc%e rnelétn)%s E)rt?et\r}veen Il-ﬁf(glf + Si) ratio of the

starting material and the Hf/(Hf + Si) composition ratio of the Hf silicate film.

Figure 8 is a graph that shows the carbon (C) and hydrogen (H) concentration

profiles in Hf silicate film.

Reference symbols

1 silicon substrate
2 n-well region
4 .. STI
6 silicon oxide film
8 silicon oxide film
10 e first high dielectric constant film
12 second high dielectric constant film

14 . polycrystalline silicon film



Figure 5 is a graph that shows the vapor pressure
curves of the silicon-containing conpounds used in the
we@x@apbeasds Figure 6 is a graph that shows the PCT/EP2006/063414
rel ati onship between filmthickness and nunber of
cycles for the case in whicH the process of forning a
silicon oxide filmwith a filmthickness of about 0.08
nm was set up as one cycle. Figure 7 is a graph
ratio of the starting naterial and the Hf/(Hf + Si)
conposttion ratie of tR@hgielectriccapstapt film Figure 8 is
a grapfy that shows the ; i n (H
concer;”tﬂsr ation profil esﬁ%ﬁh@?rhs!iélﬁagg?%n%gmﬂﬁef erence
synbol20 1 sil.i.cen subssecand Higin diededtric comsiantfileTI 6
silic oxide film8 sjljicon oxide film210 first high
di el egkri c constant fi P%%‘gg%’bﬁ'hhd hi gh dielectric
constat film.14. pol ycexehsibhiregioai | i con fil ml6
silicaop oxide film217 high djelectric constant film 18
first 48 gh dietectric §'9%é’fadlnt film 20 second high
di el ecés"i c constant fi gé‘ﬁrgé-ei;‘ézi%?é%é)ﬁon film24
e wal | source drain region
30 interlayer dielectric film

32 contact layer
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| ayer CLAIMS Claim 1. A nethod of form ng a high
wale@bastssd ¢ constant film wherein a high di el BCI/EPI06/063414

constant filmconprising netal silicate is fornmed on a

substrate by atom c |layer d®position using the gas of

a netal -contai ning conpound and the gas of a

si li concont ai ni ng conmpound represented by the general

fornmula wherein 1 2 3 RR, and Rin the preceding

general fornula are each independently selected from

t he hydrogen atom C1-3 Mﬁand N(R )2 (wherein

each of the plurality of R groups is independently

sel ected fromthe hydrogen atom C1-3 alkyl, and Si (R
Clajrg 1¢ wher ei n each of the plurality of R groups is

A PRI B Fipita ki et e MR R A bR C ey g fietectrc
conlstapi flltAecdyphigharg MmethoSilicté-is fafrkyd .onaa GubstrRe) By atomic layer

(wherein each of the plurality of R groups, is .
denq%a@ﬁ&mﬁ]eygﬁpé% akGQstiainkg ¢RroR nd Hi 9@ oka silicon-

cor%éiiﬁﬁgiqo%%u%dgreﬁpé%bﬁﬁd_)@y thehingrd] réasdlaof the

Ity of R groups is I ndependently selected from
t he hydrogen atom and C1-3 al kyl)); and the val ue of
(the nunber of carbon atong i n4 he precedi ng general
formul a)/ (nunber of silicon atpns in the preceding
general fornula) is no nB‘?-eSiﬂﬁan 7.Claim2. A nethod
of fabricating a sem conduq:ksorRSdevi ce, conprising the
steps of
wherein
R1, R2, and R3 in the preceding general formula are each independently
selected from the hydrogen atom, C1_3 alkyl, and N(R6)2 (wherein each
of the plurality of R6 groups is independently selected from the hydrogen
atom, C1_3 alkyl, and Si(R7)3 (wherein each of the plurality of R7 groups
is independently selected from the hydrogen atom and C1-3 alkyl));
R4 and R5 are each independently selected from the hydrogen atom, C1.3
alkyl, and Si(R8)3 (wherein each of the plurality of R8 groups is
independently selected from the hydrogen atom, Cq.3 alkyl, and

NHSi(R9)3 (wherein each of the plurality of R9 groups is independently

selected from the hydrogen atom and C1.3 alkyl)); and

the value of (the number of carbon atoms in the preceding general
formula)/(number of silicon atoms in the preceding general formula) is no
more than 7.
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formng a high dielectric constant film conprising
nmetal silicate on a silicon substrate; formng a
w@eiogasesss al | i ne silicon filmon the af oresai dr¢i/gPr006/063414
dielectric constant film and formng a gate el ectrode
by sel ectively renpving the?high dielectric constant
filmand the polycrystalline silicon film wherein the
aforesaid step of form ng a high dielectric constant
Clafmi2m is carried out by the filmform ng nethod
according to claiml. daim3. The nmethod according to
A matheerpbfabricating a samiGadyClor devisadermpiisig thecdtePrsAkr ei n

L S AR A P9850 ok SHEEM o ¥ Sicon
at om substiape;, N(|CH3)2, atnd NHS; (C{—B)S, apd R and R are
naoyh8 SCPaRETRa et il R&R aiesd B8 it qgnstant

met hofllmaemdr ding to claim2 or 3 of fabricating a
sem conductor device, wherein the co und W

> om ) th the
afOfMing & gk erlegiErns By seleckvely re@oying| tgd1igh qislectric constant

sel ecfipPand fmélgérzl%mﬁe SARBAIAFhI ng of (Si H3) 3N,
Si H2(N(CH3) 2) 2, SIiH(N(CH3)2)3, and Si H2( NHSi (CH3 ) 3) 2.
wherei thesaforesaidrateipoef fepvimgda migh dielgckigrconstantfilwy is carried out

' I ' r vice, wherein the
by @%ﬁ%@ﬁﬁﬁh@\n&trﬁetﬁﬁgagggﬁﬁnt?'%ﬁ‘ejtlj' general formula is
(SiH3)3N.C aim®6. The nethod according to claim2 or 3

Cla?nfw 31f abricating a sem conductor device,
The method according to claim 2 of fabricating a semiconductor device, wherein

R1, R2, and R3 in the preceding general formula are each independently selected
from the hydrogen atom, methyl, N(CH3)2, and NHSi(CH3)3, and R4 and R5 are
each independently selected from the hydrogen atom, methyl, SiH3, Si(CH3)3, and

NHSIi(CH3)3.

Claim 4.
The method according to claim 2 or 3 of fabricating a semiconductor device,

wherein the compound with the aforementioned general formula is at least one

selection from the group consisting of (SiH3)3N, SiH2(N(CH3)2)2, SiH(N(CH3)2)3,

and SiH2(NHSi(CH3)3)2.

Claim 5.

The method according to claim 2 or 3 of fabricating a semiconductor device,

wherein the compound with the aforementioned general formula is (SiH3)3N.
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wherein the conpound with the aforenenti oned general

formula is SIH2(N(CH3 )2)2. daim7. The nethod
wa@ewenshiseg to claim2 or 3 of fabricating a  PCT/EP2006/063414

sem conduct or device, wherein the conpound with the

af orementioned general formfla is SiH(N(CH3)2)3. Caim

8. The nethod according to any of clainms 2-7 of

fabricating a sem conductor device, wherein the
Clafe®al / (metal + Si) conposition ratio of the high

dielectric cognstant filmis ng greater than 0.6 in at
The ggthod raccopieg tpeglaih %Prt%@frfgaﬂcailnél aceemigopduaier device,

' ai e ho c j - n | a -

W e o T e e Ehept e ey, ol s
Sik&m(@jaﬁﬁrrenti oned step of formng the high dielectric

constant” filmconprises a step of formng, by atomc

| ayer deposition, a first high dielectric constant

fiLmconprising netal silicate on the aforenentioned
Claim /i con substrate; and a step of layering, on the

Thes Whéthe8 &icofdifg ftbr Ahinhi D ldr O3 &) SFabfidting0aSéericohdlidtbr device,
second high dielectric constant filmthat has a

whéreiradhe (dtaiptund wath theaiforsndritioned gehera foreHubRIsESiIH{NETH3)2)3.
0.6. G aim10. The nmethod according to any of clainms 2
to 9 of fabricating a sem conductor device, wherein

Clat hg netal conprises H or Zr.Cdaim1l1l. The et hod

28 &or di ng to any of clains 2 to 10 of fabricating a

Thes aistissuh desdr@ingde \dngeof oiiaTse247 of fabricating a semiconductor device,
wherein the metal/(metal + Si) composition ratio of the high dielectric constant film
is no greater than 0.6 in at least the upper region of the high dielectric constant

film.

Claim 9.
The method according to any of claims 2 to 8 of fabricating a semiconductor
device, wherein the aforementioned step of forming the high dielectric constant film
comprises
a step of forming, by atomic layer deposition, a first high dielectric constant
film comprising metal silicate on the aforementioned silicon substrate;
and
a step of layering, on the surface of the first high dielectric constant film, a
second high dielectric constant film that has a metal/(metal + Si)

composition ratio no greater than 0.6.

Claim 10.
The method according to any of claims 2 to 9 of fabricating a semiconductor

device, wherein the metal comprises Hf or Zr.



a step of formng a silicon oxide filmon the surface
of the silicon substrate is carried out before the
w@bawassst i oned step of formng the high di el eB¢T/ER2006/063414
constant film and the step of form ng the high
dielectric constant filmis2% step of forming, by
atom c | ayer deposition, a high dielectric constant
film conprising netal silicate on the aforesaid
Claghlftcon oxide filmon the surface of the silicon
substrate. C aim12. The method according to any of
The mgthed accerding &0 anyLef elaimad to denefciabateting aggemicenductor
deWe W Bidheihhe step of formng the high dielectric
const ant f| | mby atomic |ayer deposition is a step of
f @ stepof dorminy adsikidoncexide fitro ostthe tsuffatenof trepsiliedmgubstrate is
metal silica Iico substrate by. . . .
Fepet PTG Beite e afiremenllo s teborIaling: the pyhycietectric
met al coxdtaet fim, kh@ Silicon substrate by feedi ng a gas
of a netal nt ai ni ng. conpound onto the sjli
siPR sten ef a“%Hﬁgw@ntlﬁtectr&e?mar&nﬂ'ms(ﬁ ﬁ“PR;OBH?J ming, by
onto [ r gt
oxi de oig ajer AerBhah! 3 g ARfoctAP EBhSEREN LhiiBliing metal
si | i ceilicataten thengfaresqid wilitopnexide ifitm «inl theosu ofr ttteesmcon

and s ntly feeding an oxidizing gas onto the
sili cglt‘bﬁ&%g%t rate.

Claim 12.
The method according to any of claims 2 to 10 of fabricating a semiconductor
device, wherein the step of forming the high dielectric constant film by atomic layer
deposition is a step of forming a high dielectric constant film comprising metal
silicate on the silicon substrate by repetitively carrying out the steps of
depositing a metal oxide on the silicon substrate by feeding a gas of a metal-
containing compound onto the silicon substrate and subsequently
feeding an oxidizing gas onto the silicon substrate; and
depositing silicon oxide on the silicon substrate by feeding a gas of a silicon-
containing compound onto the silicon substrate and subsequently

feeding an oxidizing gas onto the silicon substrate.



