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WO 20051/076338 - 1 PC7-'/EP2005/001034 Use o- dissolved Yafn.ium
a.l.kox es or zirconium aiko,,,-.ides, as -_artinqg mater~al!s o_ hafnium

oxide layers and hafnium oxyn_tride lavers or zirconium oxide lavers and
zirconium oxyr.i_ride Layers The present invention relates to the use of a
satutipn cef/one BB More hafnium or zirconium a.~1condde$85,05 /001034
precursors for hafnium oxide and rafnium. L)rvr_itride avers or zirconium
oxide and zirconium oxynitride 10 layers. The present invention relates in
particular to the use of a 30 to 90% strength by weight solution of one or
more hafniumt Sfkoxides oreAreRitn alikexidesafor produsing hafnium
oxide andrhafmiual exynitirde dayers:or zircenim exide1anc:Z¥Conum;
oxyni-fide 5dayers by GVPor ALE).methads,In ﬁlgqfitei% the invention, -
relates toogzgrocess for the pof a f a production - hafriium oxide and -

hafnium oxynclitc“r:id.ieafgferrsoraﬁl%oﬁWB%ﬂlémgﬁﬁ%ﬂ%&l’.ﬂﬁﬁ?o%ﬁfﬁ}%

laye A3 - d BiiTalalla
zirconium 20 alkoxide solution which cont bins 30 to 90% by weight of
ofieor maredrafniunvatkoxides ok zisceniumalkoxide . HafiMum oxide and,,,
hatniung,px\mt;ide lavers are the  first ehoice for future generations.of

semiconductor 25 components as a djeléctric%ofﬁ?&r Q§ gr%ﬁ%ﬁ%?ofrg in =
logic modtites and for capacitors'in Merfi6ry Atdul i phrfoular e seoge
terperaturestabifyreftheuaversin ¢éembinatiorewith@high dieteetricz ride
constapt distinguishiagdhe matedal:compared withcother metal 30,7 5
oxiges- fAdurther Inpgy-_ant agplicglion o hafnium OXIde.Or 1 ucion of

one or more hafnium alkoxides or zirconium alkoxides

S

for producing hafnium oxide and hafnium oxynitride
layers or =zirconium oxide and zirconium oxyvnitride
layers by CVD or ALD methods. In addition, the invention
relates to & process for the production of a hafnium
oxide and hafnium oxynitride layer or zirconium oxide
and zirconium oxynitride layers on an article o be
coated, and a hafnium alkoxide solution or zirconium
alkoxide solution which contains 30 to 90% by weight of

one or more hafnium alkoxides or zirconium alkoxides.

Hafnium oxide and hafnium oxynitride layers are the
first choice for future generations of semiconductor

components as a dielectric both for MOS transistors in

3

L3

logic modules and for capacitors in memory modules, in
particular the good temperature stability of the layers
in combination with =a high dielectric congtant
distinguishing the wmaterial compared with other metal

oxides.

A further important application of hafnium oxide or
oxynitride as a dielectric is that for integrated
capacitors, so-called MIM (metal-insulator-metal)
capacitors in the wiring plane of logic moduleg, the

metal planes being used as electrodecs. In this

application, the high chemical stability of hafnium



oxynitride as a dielectric is that for integrated capacitor, so-ca_led MIN.
(metal-i-nsula_orr-meta capac orb in the wiring plane of login modul=_-,
the metal Manes being used electrodes. in application, the high chemical
stability of hafnium oxide ,0 the nonnable electrode ma'teria.i, such as a:,
un nitride and tantalum nitride, in addi- _,r to the high dielectric constant
. compared with si.l.icon nitride or aluminum oxide is advantageous. 5
Propesed salutions,to date. ositi fnium cnJge or oxynitride
layers, are.based on the use%%%%%niu%q%ﬁ%ﬁggliqJ}atlgﬁgl-%ﬁain such  as
undilutéd hafnium alkoxides™and RafhtmiTantiicalkyiprecisorsidigrion to
Hafriim éhigfide - &S6liebhaving acvery fow vapormpiessureyehlaring alse.on,
being indopotated imitienelectsicalduringthe deposition.of the layers and
s the electrical properties thus being adversely affected. 15 Moreover, the
edge covering is insufficient. Although liquid long-chain hafnium alkoxides
have aCSifficiently g ¥apdripressufe ForCVBraTd ALDS methodsythe s i de
thePhalstability-ofthe $abstancesis not:2@ sufficientder achieving 999¢. < um
edge.zevering on idifficalt topegraphies. Hafniumaminoalkyl precursors
ha\é%go%gpﬁg%ggigs Mgla{%?qect to incorporated carbon in the layera "
also 25 very good erglge cove iﬁg}pgu‘tcfﬁé?ﬁéft%rial costs are so high that
their use for capacitors in memory modules and MIM capacitors appears
quégﬁﬁmgmmE_chloride is a sQlid. having a very low wvapor

10

pressure, -chlorine also being incorporated in the
] ical duri £ R

electrical during the deposition of the layers and the
electrical properties thus being adversely affected.

15 Moreover, the edge covering is insufficient.

Although liquid long-chain hafnium alkoxides have a
sufficiently high wvapor “pressure for CVD and ALD
methods, the thermal stability of the substances is not

20  sufficient for achieving good edge covering on
difficult topographies.

Hafniumaminoalkyl precursors have good properties with
respect to incorporated carbon in the layer and also

25 wvery good edge covering, but the material costs are so
high that their use for capacitors in memory modules
and MIM capacitors appears guestionable.

A list of the most well known precursors and the manner
30 in which they are used according to the prior art in

the production of HfO, layers are listed below.

The general problem with the use of the precursors is
that transition metals of groups IVB and VB have a

35 strong tendency to reach six-fold coordination with
ligands. Dimers and oligomers which have low volatility
and make it difficult or even impossible to carry out
the CVD or ALD methods therefore form.



A list of the most well known urecursors and the manner 30 in which they
are used according to the prior art in the production off Hf02 layers are
listed below. The general problem with the use of the precursors is that
transition metals of groups IVB and VS have a 35 strong tendency to
reach six-fold coordinationu with ligands. Dimers and oliaomers which
have low volatility and make it difficult- or even impossible to carry out
the 1 VD ogALR-methods thereforg,forme~ 3 - 1. HF halides: HfX4; X = Cl,
| Reaction: HfX__ - 2 H20 => Hf02 + 4 HX 5 Hf halides are highly
reactive ALCVD and CVD precursors. Problems exist with regard to low
volatitirandn asHirén. ~ichetb@beve Hiimdesiredimcorporation of halides
in the Hf oxide layer. 10 2. HF nitrate: Hf (NO3) 4 The main problem with

5Hf | a&e&s};as% heir e>lgplo ive- ness. 15 3. HF alkylamides: Hf(NR'R")4y R’
an =
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“CoOHBHf 5&%2 déS AT TEEE T W eaBfor - WRNBTEG B3EoT's .
0 radieaisSRH3VFINOX radidalss Tiheyarehighlpreactive AIGYD and - as
preeisols e maWObbﬁﬁdéféh%iéQS%ﬁﬁeo%%&%‘é‘iréfﬁog}lf:plﬂqgﬁeéjdes in

preparation pcgf%g%ss nd hence their extremely high price. 4.
complexes: H mpg)} ﬁfarcacm 25 Marked features are a high C content

and low growth rates. Examples are Hf alkoxides: Hf(O1Z)4 R=CH3,
C2H5, (is8d C3M#a(tend-)HEAD; Areaction is effected with H20, 03, 0
radicals and 02. The IIf complexes can be used as MOCVD precursors

andT%artiall .as ALCVD precursors. 30 Problems arise through their
mbpeﬁbglégoﬁﬁyblem with Hf nitrates is their explogive-

ness.
3. HF alkylamides: Hf(NR'R”),; R’ and R”=CH;, C,H;s

Hf alkylamides are reacted in a reaction with H,0, 05, O
radicals, NH; or NOx radicals. They are highly reactive
ALCVD precursors. The main problems of their use are

the very complicated preparation process and hence
their extremely high price.

4. HF complexes: Hf (mpp)., Hf (acac),

Marked features are a high C content and low growth
rates. Examples are Hf alkoxides: Hf (OR); R=CH;, C,Hs,
(iso-) C3H,, (tert-) C4Hs. A reaction is effected with
H,O, O3, O radicals and O,. The Hf complexes can be used
as MOCVD precursors and partially as ALCVD precursors.
Problems arise through their broperties ag solids
having low volatility (except for HE(tert-CuHy),;
however, there is the problem of poor film quality

here; Hf (tert-C Hs), can therefore be used only as an
MOCVD precursor) .

The following specific examples may be mentioned as

known hafnium precursors:



having low volatility (except for If (tert-C4H5)4; however, there is the
problem of poor film quality here; Hf(tert-C4H5), can therefore be used
only as an MOCVD precursor). 35 The following specific examples may
be mentioned as known hafnium precursgrs: 4 HF alkoxides: Hafnium
met.hoxide Hf(OMe)4 H30O ~I CH3 O-Hf-G /r H_Cx O OH, Molecular
Weight =302.63 Molecular Formula =C4H12HfO4 Molecular Composition
=C #%.88% 51.4.90%. Hf 58.98% 0 21.15% 5 Properties: white solid at
room emperature; melting point 50C; remarks: highest Hf content of all
alk FUih e Ethoxidd OMROEN4 CH, H2C H2 C--CH H2 O
CH, Molecular Weight =358.74 Molecular Formula =C8H20HfO4

HC._
0 CH,
N
f
/o
o

H,C

AN

CH,

Molecular Weight =302.63
Molecular Formuia =C4H12HIO4
Molecular Compaosition =G 15.88% M 4.00% Hf 58.88% O 21.15%

5 Properties: white solid at room temperature;
melting point 50°C;

remarks: highest Hf content of all alkoxides.

10 Hafnium ethoxide: Hf (OEt),

CH,
H
f
|
H,C
2 \o H2
} /c CH,
|
O——Hf—0
/ !
, |
H,C——C &
2
\\CH2
|
CH,

Molecular Weight =358.74
Molecuiar Formula =C8M20HO4
Motecular Composition =C  26.79% H  5.62% Hf 49.76% O 17.84%

CAS Reg. No. 13428-80-3

Properties: white solid at room temperature



Molecular Composition =C 26.79% H 5.62% Hr 49.76% 0 17.84% CAS
Reg. No. 13428-80-3 Properties: white solid at room temperature Hafnium
n--propox_ide: Hf(n-Pr), hiC\ GH3 HC, pHa v-Hf-O C2CH20 HC
~CHa 3 H2C CH3 Molecular Weight =414.84 Molecular Formula
=C12H28HfO4 Molecular Composition =C 34.74% H 6.80% Hf 43.03% 0
15.43% CAS Reg. No. 25491-666-1 5 Properties: white solid at room
temperature; delta |- b 0.=83.7.t- 8.4 kJ/mol (Lappert, M.F. et al.; J.
Che%%ﬁsﬁgc&%h%%%g%ﬁlu%e.ﬁ ((1%7 5k)F”robIem: low thermal stability
10 Hafnium tert-butoxide: HF(t-BU)" CAS Reg. No. 2172-02-3 Properties:
liquid at room temperaitife; vapor pressure 15 2 mmHg at 750C; remarks:
thermally unstable (cf. decompasition route); high volatility owing to steric
hindrance by bulky tert-butox@de groups 6-

| CH
H,C 3
- \\O H,
] S
o S
; Hf——0
H, / §
c C 3
/ F, ~
/ CH,
H,C i
H,C
2N

Motecular Weight =414.84
Molecular Formula =C12H28Hf04
Molecular Composition =C  34.74% H  6.80% Hf 43.03% O 1543%

CAS Reg. No. 25491-66-1

5 Properties: white solid at room temperature; delta H
sub 0 = 83.7 +- 8.4 kJ/mol (Lappert, M.F. et al.; J.
Chem. Soc. Chem. Commun., 830 (1975))

Problem: low thermal stability

10

Hafnium tert-butoxide: HF (t-Bu),

CAS Reg. No. 2172-02-3

Properties: liguid at room temperature; vapor pressure
15 2 mmHg at 75°C;

remarks: thermally unstable (cf. decomposition route) ;
high wvolatility owing to steric hindrance by bulky
tert-butoxide groups



GLCH,r CFt .H,9CN C.y Molecular Weiaht ='470.95 Molecular
Formula =C16H36Hi04 Molecular Composition =C 40.819, H 7.70% Hi
37.90% 0 13.59% thermal aecomposition Gi- f HrOz H.0 + t H_"=" CHI-
Hafnium _-methoxv-2-methyl-2-propafClate: Hf(mmpl4 CH. i HCH; H3c.
c\CH CIHCH,CCH O-Hf--Ci HNC ~0 ~r\GHa Hz.. CHa H. D H~Hz
H,C Molecular Weight =599.06 Molecular Formula =C20H44HfC8
Molecular Composition =C 48:64% H 7.50% Hf 30.20% 0 21.66%

H,C = G CH,

CH, O

R
C

H.C

O -
ot
Y e Iy

M, C———C——CH

CH,

Motecular Weight =470.95
Motecular Formula =C16H36HI04
Moiecular Composition =C  40.81% H  7.70% Hf 37.90% O 13.59%

thermal decomposition |
i
Y

cH

HIO, b= HO o 4 HCOTTC

CH,

Hafnium l-methoxy-2-methyl-2-propanolate: Hf (mmp) 4 k

/CHB
/
/
H, /CHj O‘\\
H.C C
’ N Q// \C/ CH,
S H,C '
N
3\; % / \\C;FI:3
O Hf e
HSC\ / i CH
/C\ O / :
H C/ RE \C\ ©
) , / g e \CH3

~o

0

X
@]

Molecutar Weight =581.08
Motlecular Formula =C20H44HO8
Molecular Composition =C  40.64% H  7.50% Hf 3020% O 21.66%

CAS Reg. No. 309915-48-8



0 CAS Req. No. 30991 -48-2 7 Properties: liquid at room t mperature
(mel,:inq point 15'Q; vapo--- pressure ().L mrrmqg at 100"_, ; .E mmCq at
135C _. Remarks: low growth rate owing to bulky ligands. Hf aiky?amides
Tetraiis(dimethylamino)hafnium: TDMA'-8 Hf(NMe2)" 10 H.} ~N~v3 HC

N CH, N H2C CH, CH Molecular Weight =354.80 Molecular Formosa
=C8H24HfN4 Molecular Composition =C 27.08% H 6.82% Hf 50.31! N
15.79%>CAS Reg. Noql97@82:68-4,19962d:42 Preperties;solid atroom ; .
tempesature, {,rggjgng pggg;@ragco vapor pressyre 0. quHo t480mHC
ther - 15 decomposition > 90C Tetrakis (ethylme yla mino)haefnl &t
TEI\JZIr% | Hf (NEtMe) 4 C[ 'Hv .CHH3C- -1<2CNCH,HCNC"_ Cft
Fi2FERRTER. Mot Weigit==410v8Ing to bulky ligands.

5
HEf alkylamides
Tetrakis (dimethylamino)hafnium: TDMAH Hf (NMe, ) ,
10
3“\ /
H.C N CH
3 \ { 3
]
N f e
/ f
7 i \
H,C ;\ CH,
\

Molecular Weight =354.80
Motecular Formula =C8H24HIN4
Molecular Composition =C 27.08% H 6.82% Hf 50.31% N 15.79%

CAS Reg. No. 19782-68-4, 19962-11-9

Properties: solid at room temperature: melting point

26-29°C; wvapor pressure 0.1 mmHg  at 48°C; thermal
15  decomposition > 90°C

Tetrakis (ethylmethylamino)hafnium: TEMAH Hf (NEtMe), .

[
H,Co :
H, N /CH2
H,C——C N CH,
Ny
N——Hi——N
/N
H,C c—o0
N CHy
H
Hzﬂz/ \GHe 2
i
CH

Molecular Weight =410.81
Molecular Formula =C12H32HINA
Molecular Composition =C  35.08% H  7.85% Hf 43.44% N 13.63%



Moiecutar Formula =C12H32H{N4 Molecular Composition =0 35.08% !-!
7.85% Hf 43.44% N 13.63% - 8 - CAS Req. No. 352535-01-4 Properties:
liquid at room temperature; vapor pressure 0.7 mmHg at 79C S
Tetrakis(diethylamino)hafnium TDEAH: §f(NEt,)4 CH, CH3 H2C CH H,
H~ H3C-C\ C---CH3 N-Hf---N H3C-C C-CH H, N~9 H2 CHZ CH; CH3
Molecular Weight =467.01 Molecular Formula =C1GH40HfN4 Molecular
COI@@QS}{QE} =g 41.138%H 8.63% Hf 38.22% N 12.00% CAS Reg. No.
224 -55-0, .19962- 12 0 10 Properties: vapor pressure 0.01 mmHg at

CHTmMmHG at 98¢ Rearks oW Vapor presstig 15 Hafpfunpres sure

hydfokyl‘a?ﬁﬁe SHf(ONR,)4 R = Me, Et Remarks: Poor film morphology,
narrow ALD temperature range at 300C. 20 Process for the production of
5 HfO2 layers In principle, various processes for the deposition of hafnium

oxide or hafnium oxynitride layers are known in
Tetrakis (diet ylamwno yhafnium TDEAH: Hf (NEt,),

THS Cr,
. ?
CH
b 2 \ / 2 H
H,C——C N C——CH,
i
AN A
N————Hf——N
H C—~——~c/ ‘ \\Cwb
2 N Hy
H, H
HZC/ \\QHZ ’
| |
CH, CH,

Molecular Weight =467.01
Molecular Farmula =C16H40HIN4
Molecular Composition =C  41.15% H  8.83% Hf 38.22% N 12.00%

CAS Reg. No. 19824-55-6, 19962-12-0

10 Properties: vapor pressure 0.01 mmHg at 130°C; 0.1 mmHg

at 56°C

Remarks: low vapor pressure

15 Hafnium hydroxylamine: Hf (ONR.), R = Me, Et

Remarks: Poor film morphology, narrow ALD temperature

range at 300°C.

20

Process for the production of HEfO, layers

In principle, various processes for the deposition of

hafnium oxide or hafnium oxynitride layers are known in
25 the prior art. These can be divided into ALCVD and CVD

processes.
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25 the prior art. These can be divided into ALCVD and CVD processes. 9
The CVD process (chemical vapor deposition = CVDI is the chemical

conversion of a reaction gas consisting of one or more volatile

compounds into a solid substance and 5golatile byproducts. For

deposition of the 'aver, the reaction gas is passed over the substrate to

be coated. usually, processes for chemical gas-phase deposition are
categorized according to the operating gas pressure, 10 the determining
actlvatlon method and depasition temperature and reactor wall

temperafare. & ﬁ%(f‘ﬁ%ﬁonp FEHRGE herebstiveeRRAMbSHABrC pFadlré s the
CVDWWFE(WD < @nvesphenc pressure<avb), dow gresstire EMD 1RCVZ one

= lgw pressure,6VR) and plasmpa &Ml (REVD of PEG D& &ékpéac%r%%e and
enha eg CiVD When orcqcanometalllc ompounds are used, the MOC

(meta oFganic VD 6 6rganometatiic SJarisitistéfefraa té)alyﬁﬁlly, the
S0-E&8REH-RPE-ARE VDE0PRPECNI GOV cahealsoi26 bearsed-(remeotecoat ed.
plasma enhanced CVD process). These processes are described below:

PPE- VD (r te plasma nhanc d metal rganlc
RPE%L Vird (E %:%%e %%a%ma e%n ance arflomlc ayer é\lﬁ%aﬁé TH RSt - on

depCSHiGIPBFtheSSrgaRERIEENE dormpdtmdas prembra by theoressure,
introdectiodof exeitediand icnizedgases:Hnto #he-reagtor.akhe exglafion: + 1 on

of t@%n@%&%ﬁﬁf@%&?@ '@égc@g%fn@gﬁ'ﬁ@é&hsmbc#fem%e plasma) . o,

and.the gases are then introduced into the 30 reactor, the gases e|n

pre&8nt i e il Spdisd 485- cﬁﬁé@%‘fﬁ@%r%ﬁﬁﬁéﬁﬁﬁa&%ﬁs Rpcvp
Radicasgeir 01 N, Hycasbepassanlin silmutanecuslyuwith thelayerrcvp

deposition (RREMOCVRDYr prefarably asma  cvp  (PevD or PECVD

plasma enhanced CVD) .

i1

i}

it

When organometallic compounds are used, the MOCVD (metal
organic CVD or organometallic CVD) variant is referred
to. Finally, so-called RPE-ALCVD or RPE-MOCVD can also

be used (remote plasma enhanced CVD process). These
processes are described below:

RPE-MOCVD (remote plasma enhanced metal organic CVD) :
RPE-ALCVD (remote plasma enhanced atomic layer CVD) :
Ths = thermal decomposition of the organometallic
‘ compound is promoted by the introduction of excited and
ionized gases into the reactor. The excitation of the
gases is effected in an external plasma chamber (remote
plasma) and the gases are then introduced into the
reactor, the gases being present as neutral species

(so-called radicals) or still partly as ions.

Radicals (e.g. O, N, H) can be passed in simultaneously
with the layer deposition (RPE-MOCVD, or preferably
sequentially in RPE-ALCVD). The precursor feed is
interrupted at certain time intervals and the layer

already deposited is treated with radicals. As a



35 sequentially in PPE-ALCVD). The precursor feed is interrupted_at
certain time intervals and the layer already deposited is treated with
radicals. As a result., the following improvements of the layer are .
achieved: - achievement of exact stoichjgmetries (e.g. incor- poration of O
into oxide ayers) 5 - removal of organic residues - reduction of the C
content incorporation of N into oxide layers (oxyn_trides throu_gh N
rad'@@lbs\)i@proggg elggtiifg%&);%%erg%%%lg%%%% current, 1t dielectric
strearllg%lhl,ec\g Cial_(:ltance) For a fur ‘ ;

which~¢an he used in the context the present invention, reference may

be made tagevevalpapersin thetechnicablbieraturer ferexample  incor-
Mikroelektsonikcheghnologie; edifed by Rrof. r.sc; techn. K. Schade,

er explanation of deposition procé¥§és 2¢

5VerlaavT_e9}gipfigv§{nb$—% Berlin - Munich 1(%91, and Nanoelectronics and

rgarl regi
Information Technology, Remer Waser }fe . ;
2003. 20 é@ﬁél%%?broblems with the use of these technologies occur in
the provisioncof:sufficienbamotints ofi precussarse inpartewar forbatch- i ge
reactors; athepuise, 1@ diffgsionreontrolled CVD with poor uniformity or 25

extremely long cycle times (e.g. in the case of ALCVD) is effected. Itis
therefore tﬁgp%é%&g of &%eéFeIgleﬁ?' veTTtigRTot FErcoméE Hié Broblerigrent ,

6, WilelS Vet Weinfint e C

10 occurring i heSCasel6f thier spdiainiumpoxide precersors of the prior art,
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for example formation of residues and the high cost factor and the

For a further explanation of deposition processes which
can be used in the context of the present invention,
refeience may be made to several papers in the technical
literature, for example Mikroelektronik—Technologie,
edited by Prof. Dr sc. techn. X. Schade, Verlag Technik

GmbH, Berlin - Munich, 1991, and Nanoelectronics and

‘Information Technology, Reiner Waser (editor), Wiley-
VCH, Weinheim, 2003.

General problems with the use of these technologies
occur in the provision of sufficient amounts of
precursors, in particular for batch reactors; otherwise,
a diffusion-controlled CVD with poor uniformity or

extremely long cycle times (e.g. in the case of ALCVD)
is effected.

It is therefore the object of the present invention to
overcome the problems occurring in the case of the
hafnium oxide precursors of the prior art, for example
formation of residues and the high cost factor and the
frequently occurring poor edge covering on difficult
topography. It 1is also the object of the present
invention to provide precursors for the hafnium oxide
or hafnium oxynitride deposition which can be used in a
sufficient amount and also concentration for batch
reactors. It was furthermore the object of the present

invention to provide precursors for the abovementioned



frequently occurring poor edge covering on difficult topography. It is also

the object of the present invention to provide precursors for the hafnium
oxide 35 or hafnium oxynitride deposition which can be used in a

sufficient amount and also concentration for batch reactors. It was
furthermore the object of the present“in%nﬁon to provide precursors for

the abovementioned - 11 purpose which can be used for a very wide

range cf deposition methods with sufficiently hig deposi;_ cn rates. 5

Th 3r%?§§s i &thievet b the sEBfectishthes independentielaimage  of
PrefétratPemmbodinentsartsdescribed dn the depardent claims. T8 q: i on
abovementioned problems are solved by using a 10 solution of onée or

more hafnium alkoxides or zirconium alkoxides as a precursor for

hafnium oxide and hafnium oxynitride layers or zirconium oxide and
>ZircORTT ox§L RIS layRFS It RaB-Safpringly beendousdithalcby USiNg: he
a sdlnﬁ@r@msiead ot-fthei undiluted: starting: 1 -anmaierial, the g&ogpl%ggcribed
occuringin thejerigiart apd relating to poor volatility arising through
complex formation (see above) can be overcome. The present invention
relates to the preparation of 20 economical, highly concentrated solutions

of shioft- chiafty PRakekiiescor zirconiumalkaxides, shick are ysuallyi ng 4
1 Opresentas arsotid, antktheuseafdheser solytions as.ecqnomical

preguisosrs frdhe produgtin, of hafnium or zirconium oxide or ox nﬁrclﬁ)él%um
layers with 25 the aid o??p%%fél%%?yf CVEPARBPALEVES prRRessest nium

for ﬁ%yrl}llatss pBrodacion &t iffegfated Trcuits CRtial prezudsor icosts1ofithesey -
dis$oived 1f allkoxides arkt has surprisingly been found that, by

using a solution instead of the undiluted starting

15 material, the problems occurring in the prior art and
relating to poor volatility arising through complex
formation (see above) can be overcome.

The present invention relates to the preparation of

20 economical, highly concentrated solutions of short-
chain Hf alkoxides or zirconium alkoxides, which are
~usually present as a solid, and the use of these
solutions as economical precursors for the production
of hafnium or zirconium oxide or oxynitride layers with

25 the aid of, preferably, MOCVD and/or ALCVD procegses
for the mass production of integrated circuits.

The precursor costs of these dissolved Hf alkoxides are

only about 10% compared with the Hf alkylamides
30 currently preferred in the prior art.

In a first aspect, the present invention relates to the
use of a solution of one or more hafnium alkoxides as a

precursor for hafnium oxide and hafnium oxynitride
35 layers.

According to the invention, it is also possible to use

a further element of group IVb, namely zirconium



only about 10% compared with the Hf alkylamides 30 currently preferred
in the prior art. In a first aspect, the present invention relates to the use of
a solution of one or more hafnium alkoxides as a precursor for hafnlum
oxide and hafnium oxynitride 35 Iaye'_rslAcgording to the inve_ntion_, itis
also possible to use a further element of group Vb, namely zirconium, _
,,2 Instead of hafnium. Zirconium has properties similar to ..hose of

hafnium, altgough}i;[ i§ somewhat Igss advan- tageous in some res.pe’cjts .
(higher leakage currents). b THe preSBntiiveRforPiHereere afscsreTates o to
the tRESEf &gomﬁeﬁ%%’ne erlirlopaigitconium alkexidesasta precursetvarn -

for ziegorium axideand zireepism oxymitriges fayersiAl,embodiments |
carried out above and below with regard to hafnium therefore also_ apply
COImes- 10 pondingly to zirconium. According to a preferred embodiment,
5 T &ﬁ?

the sofutROh: AEBOTdMy o the IAvERBRSE MGhIv: eShcerrdibasint patthe use

icul&i the g5 Bt a30-90% strength byaveighe ib5selttien of @B DFdROres -
hafpiver-atkexides @s azrﬁ@@/iﬁgﬁm]fowgﬁéufgﬂéig%%%%?@lg;{}w% nitride
oxynitride layers.is suit . A preferred range.is 50-80%
ha?‘/rﬁl]iLiiélgr/t%%lIék'(g/xi(}:I%L ?n s%ﬂ?ﬁ%%.ligé)?téiamcpﬁé? &%ﬁio BF haffiiialkeRide Pelow
solVENtbf 32 stitablea 50 THiese raieEtiarve afisen fopthe/followings -
10reasonstiatgdconcentiativmalbove 90%, the solutions are difficult to
process owing to the excessively high viscosity. Below a concentration of

[ r tendency to form
30936@%P@§£%?eﬂ?andQheﬂig§é§§éﬂeaembodiQEnt, the solution
inhomogeneities (cf. figs 1

according to the invention is highly concentrated. 1In
particular, the use of a 30-90% strength by weight

15  solution of one or more hafnium alkoxides as & precursor
for hafnium oxide and hafnium oxynitride layvers is
suitable. A preferred range is 50-80% by weight of
hafnium alkoxide in solution. For example, a ratio of
hafnium alkoxide : solvent of 2-3 : 1 is suitable.

20
These ranges have arisen for the following reasons: at
& concentration above 90%, the solutions are difficult
Lo process owing to the excessively high wviscosity.
Below a concentration of 30%, on the other hand, there

25 is a clear tendency to form inhomogeneities (cf. figs 1
and 2). For most producers, inhomogeneities of < 5% are
tolerable in practice, so that a concentration above

50% is to be particularly preferred.

30  For example, fig. 1 shows that the inhomogeneities are
below the critical limit of 5% from a concentration of
about > 50%. Fig. 2 shows that this critical limit is
not reached even from a range of a concentration of
about 30%.

35
In all cases, the deposition rate of the solutions

according to the invention increases with increasing
concentration.



and 2) . For most producers, inhomogeneities of < 5% are tolerable in

practice, so that a concentration above 50% is tq be partlculquly

preferred. 3D For example, fig. 1 shows that the inhomogeneities are

below the critical limit of 5% from a conc rggragion of about > 50%. Fig. 2

shows that this critical "limit is not reachéd even from a range of a
concentration of about 30%. 35 in all cases, the deposition rate of the

solutions according to the invention increases with increasing _

concentration. 13 According to a further embodiment, the solutions .
defiféFapoviedre Used fer théprodetion efrhafditmanexide and hafBiimy: 1 ons

o s v Y005 N oot o LD 09
hafni ide, gr, hafnium oxyni-ride layer on capaci |
as 2[51 op%%al%%%r g}rllalggéru H%)i/rr(c))r}%yiglf) fictfarly* &Yitdtsle fafe. BWing % ALD

its HRJFPIERER Ve index¢ theltrmitmioxide tafjer car beasediamancxide  or
opticed fayerrof tiiaset mrJ;H@_rSK%%efL@%ﬂﬁ#g%ﬁ%ﬁgg";gl?n?ljﬁrg%ssistors
ﬁ?;%%%ge%?%%i&s%%%ég(ﬁe gﬁd/?ﬁﬁaﬁﬁiuﬁ%ﬁ%@é{tﬁoiﬁepaaré ticularly
pref%&bth?ﬁgéfd BEREMmIH Jam&)xms.lﬁrﬁoﬁgﬂfes_éﬁlﬁmuHmmthMé&, the
andirafmidrmethayide in ayrangesof 36-90%sby weight areparticularly 4ver o2
1 preferred: Relativelyshighygrowthrates in fhe AL éécDéQEO‘i?éS}?dgrﬁm oxide is
aCh[;%‘D’e%én Bari[l)qglar by small ligands (methoxide, 20 ethoxide).
Accorcﬁng to the'invention, suitable zirconium alkoxides
According to the invention, hafnium methoxide, hafnium
n-propoxide, hafnium isopropoxide and/or hafnium
15 ethoxide are preferably wused as hafnium alkoxides.
Among these, hafnium methoxide and hafnium ethoxide in
a range of 30-90% by weight are particularly preferred.
Relatively high growth rates in the ALCVD process are

achieved in particular by small ligands (methoxide,
20 ethoxide).

According to the invention, suitable zirconium alkoxides

are consequently zirconium methoxide, zirconium
ethoxide, etc.
25

The solvent for the preparation of the solution

according to the invention preferably has a polar
group.

30 Solvents having a polar group or free electron pairs
which, by coordination to the hafnium (or zirconium),
increase its coordination number to 6 (e.g. HEf(OR),

2 ROH; R=Me, Et, etc.) and thus break coordinate bonds
between a plurality of hafnium alkoxide molecules

35 (oligomerization) are particularly preferred. The
complexing of the hafnium by solvent molecules also

explains the very good solubility.



are consequently zirconium methoxide, zirconium ethoxide_, etc. _25 The
~ solvent for the preparation of the solution according to the invention
preferably has a polar group. 30 Solvents having a polar group or free
electron pairs which, by coordination to the hafnium (or zirconium),
increase its coordination number to 6 (e.g. Hf(OR)4 2 ROH; R=Me_, Et,
etc.) and thus break coordinate bonds between a plurality of hafnium

alkxide molequles, 354all gomerzation) ars parioulaly picfepred, The
com iec in%ggt e hafni.ur%( y solvent molecules also explains the very

good solubility. -4 "¥For

1

ampie thd Qrétetred SolBRORHI(OFt)4 in EtOH

with 80% by weight is Ef (OEt)4 - 2 EtOH.. Preferred classes of

substapees-ael alcohols, aminesg Sethersaresters. Acooxd

Ul

dvant t an g?cgolth%o’}ir::eamines’
[ ion, i i ageous to use
invention, | hgg proven articularly advantag

S . . .
solvent as the solvent. An alcoholic solvent preferably comprises one 10

or more straight-chain or branched Q-Cg-alcohols, e.g. ethanol, propanol,
butanatdsdpropytalcaie, eferAsdissussed-above, thealeohalmay.be. .1+

straight-chain ar. branched and may be formed from a primary, secondary
or t%%/} g%%%%l%lS £§corafr‘gpge to the inv%%%%knl?qmm]ecalcfh%mfi%/emaéan Che

fUrtiistmbTa also’be GestPRthbimbimstibhiatith ® solvenl Suitablerises one
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cosolvemtsare ali castpmaryhsibstancesdutdnparticylar,highLoling . « o

solveptsanol propanol, butanol, isopropyl alcohol, etc. As
discussed above, the alcohol may be straight-chain or
branched and may be formed from a primary, secondary or
tertiary alcohol.

According to the invention, the alcoholic solvent can
furthermore also be used in combination with a
cosolvent. Suitable cosolvents are all customary
substances, but in particular high-boiling solvents.
The advantageous high-boiling (b.p. 100-250°C) cosolvent
optionally serves for further dilution of the solution.
This may be necessary, inter alia, in order to prevent
condensation of the precursor in the injection
apparatus.

In principle, all classes of solvents (see above) are
suitable. Relatively long-chain alcohols are suitable

only if no exchange with the alcoholates bonded to the
Hf occurs.

The sclvent which is most advantageous in the present
invention comprises or consists of EtOH. In particular,

a solution containing hafnium ethoxide has given the

begt results here.

According to a second aspect, the present invention

provides a process for the production of a hafnium or



20 The advantageous high-boiling (b.p. 100-250C) cosolvent optic_)nally

serves for further dilution of the solution. This may be necessary, |_nter

alia, in order to prevent condensation of the precursor in the injection
apparatus. 25 In principle, all classes of selvents (see ab(_)ve) are

suitable. Relatively long-chain alcohols are suitable only if no excha_nge

with the alcoholates bonded to the Hf occurs. 30 The solvent w_hich |fs

most advantageous in.the.present invention comprises or consists o .
EtOIé-ﬁ%Ter%3 %g%tl%dIa??{%dseolu%c?ﬁeéon?gin% it &hBSﬂd@‘ﬁa%Qﬁx?@rﬁi'ghé”thh
bestfd8bs Fefe. BBAECTrdirigitoc secape:aspect, the present invention
provides agprooessiion therpraduetion-alh hathium pf nda Zigopium xide:
layeg pn.an grt%e g)eb%g%%ted,_ which comprises the following steps: a)

provision of a solution as

eﬁrcmléd above and of an article to be coated; 5

%) iftfoductiBh o thé 5aiaRonIhto BYeacterard. wapofizationzof theactor and
solutienam the reactor, Or ch@/apemﬁa;tm}qfithe @ﬁ@tlg@@@gd@tyog%tlon
of the vapgrinto a.reactor; and d) deposition of the vapor an the article for

h
itntero%h%tigﬁpocflfhéggilﬂtién,rr%?é?EﬂEé i§®ade to the publication:

0 formation of a hafnium or zirconium oxide fayer. - Regaramy the ™ ©f

"Dedelopnians i CVEn Delivery!Systeaiss>A Ghemistis Perspestive ophe e
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formation of a hafnium or zirconium oxide layer.

Regarding the introduction of the solution, reference
is made to the publication: “Developments in CVD
Delivery Systems: A Chemist’s Perspective on the
Chemical and Physical Interactions Between Precursors”
by Paul O’'Brien et al., Chem. Vap. Deposition 2002, 8
No. 6, in its entirety.

L

According to an embodiment, step c¢) 1is effected by
liquid injection into the heated antechamber of the

reactor, by pulsed liquid injection or aerosol vapori-
zation.

Deposition processes which may be used are all
deposition processes which are known and can be used in
the prior art. The MOCVD, RPE-MOCVD, ALCVD or RPE-ALCVD

process is preferably used.

According to a further embodiment, the hafnium oxide
layer can be further reacted by nitriding by means of a
nitrogen-containing gas for the production of a hafnium
oxynitride layer. N,, NHi, N,O0 or mixtures thereof are

preferably used as nitrogen-containing gases.

The inventors have found that NH; as a nitrogen-

containing gas or coprecursor gives the best results.

It is therefore most preferred.



15 Chemical and Physical Interactions Between Precursors" b_y Paul
O'Brien e: al., Chem. Vap. Deposition 2002, 8, No. 6, in its entl_rety. .
According to an embodiment, step c) is effected by 2Q quu.id |njectlon into
the heated antechamber of the reactor, hy.pulsed liquid injection or
aerosol vapori- zation. Deposition processes which may be l_Jsed are _aII
25 deposition processes which are known and can be used in the prior
art. The-MOGVD, QEE Qecrr\lleD’ ALCVD ?%r) RPE-ALCVD process is

in
preferably used. According to a furthér em

Sodifnett theFafnishBede 1568 of

layel B&n beH(iFther réddted s ity fedns of@quential ozone or
nitrogemccontaiinggas fordhe peaduction of hafpidrin oxynitride layer- 3 by

i e e used as .
; ifrb%&%?t%i%:nrﬁ%gégg%éﬁﬁil%%ve%%% ave IURTTREERH3 B aPurning

nitrogéen-

fta gds BYCBWEYS@IfgWé@ﬂ% pa&staasyles; Itislicals and

ther&fore inostpreferretion 164 furthet impravement inthe-glectsieal 5 trogen

propefties of dhe lavers cap b aehiaved by:sequenyal 92008 of JEMOS:  he
la
FF)QP -W&évf)raenleXEﬁ)'processes. By burninc 5 out the carbon by

a treatment in the MOCVD and ALD mode by so-ca

means of ozone or oxygen radicals and by incorporation of nitrogen by

10neaH&Dfmﬁﬁgﬂhﬁam%ﬂidéeﬂ%ﬂ?@&an%ggﬁﬂgéém08§nb§ﬁgﬂt%rocess

laye i ed, 10 The hafpium oxide Iayeﬁgfproduced by the proc
accér%ﬁ%%%ﬁ%[ in\t/:gﬁntio% is théer(la\(c?rIel%Jp(ﬁ%na

S

aftePFEAEa%Gth 886renally

or o%&éﬁf FdieA& SR iHrdnforenhe Prafrmdrosxidesdr oxyjnitrides
deposited
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Furthermore, the hafnium oxides or oxynitrides deposited

‘according to the invention preferably by MOCVD, RPE-

MOCVD, ALCVD or RPE-ALCVD from dissolved alkoxides can
be used for the preparation of hafnium silicon oxide or
hafnium silicon oxynitride by sequential deposition
with the silicon alkoxide TEOS.

In addition, mixed oxides or oxynitrides, such as, for
example, hafnium-aluminum, hafnium-tantalum, hafnium-
titanium, hafnium-lanthanum, etc., or even ternary
mixed hafnium oxides, such as, for example, hafnium
aluminum tantalum, can be produced by sequential

deposition with other precursors.

As already discussed above, for example, an MOS
transistor, a capacitor or a laser mirror can be coated

by the process according to the invention.

According to a third aspect, the present invention
provides a hafnium alkoxide solution which contains 30-
90% by weight of one or more hafnium alkoxides, the
hafnium alkoxide being selected from hafnium methoxide,

hafnium n-propoxide, hafnium lsopropoxide and/or

hafnium ethoxide.



15 according to the invention preferably by MCCVD, RPE- MOCVL,
ALCVD or RPE-ALCVD from dissolved alkoxides can be used for the
preparation of hafnium. silicon oxide or hafnium silicon oxynitride by
sequential deposition with the silicon_aq(gxige TEOS. 20 In addition,
mixed oxides or oxynitrides, such as, for example, hafnium-aluminum,
hafnium-tantalum, hafnium- titanium, hafnium-lanthanum, etc., or even

terngry. mixed hafnium oxides, such as, for example, hafnium 25 '
aluminum tantalum, can be ﬁggﬁggf BY seqUEHtAH HePositiohVith SheRium

precurSGrs: X alfdldy disBussed alfoves forexampierami®S transistor ght
a capalitor on addséramirtamcathe goated: 30dyrheqprocess according

to the invention. According to a third aspect, the present invention
SprO\iiggs ajba;niugn alkoxide solutign which contains 30- 90% by weight of
one of mére hathium-alkoXide8 the 35 Rathidth SO beihg seleeference
front RafifiaRf Histheridenchafammr aspropoxide, hafnium isoprouoxide
and/or hafnium ethoxide. - 1 7 . According to a preferred embodiment, the

hafriym Pmlﬁy&%&? %gtvipr%gea g,gl%og@ strength by weight solution of

hafnium ethoxide in ethanol. 5 The Uresent invention is now described
w..th reference to embodiments and figures. The figures show the
1 OfollgWwigigr 0 Figudenodepasitionof Haffiumiaxide: inithe iGVR weods  afbde

A4QQﬂea@DAEOU{&@Mh@ﬁﬁ”@%%ﬂlW%ﬁ@ggﬂaghfW?EHgEWa$%%5§eneity

achisyed qnly a g congentration. of Eif ethoxide in efhanol. The ° "~

deposition rate shows a_ y at high concentration
‘of Hf ethoxide in ethanol. The deposition rate shows a
linear dependence on the concentration.

15
Figure 2: deposition of hafnium oxide in the ALD mode
in an A400 reactor from ASM. A sufficient homogeneity
over the wafers is achieved in the ALD mode too only at
high concentration of Hf ethoxide in ethanol. The
20 deposition rate shows less dependence on the Hf

ethoxide concentration in ethanol.

Embodiments:

25 1.1. MOCVD or RPE-MOCVD of hafnium oxide or oxynitride

1.1.1 Hafnium oxide

Precursor: Hf (0C,H:), dissolved in C,H:OH
30 Process temperature: 250 - 450°C
Pressure: 5 - 200 Pa

Deposition rate: 0.1 - 5 nm/min
35
Deposition of HfO, in the CVD mode in an A400 reactor

from ASM with 125 wafers in the boat. Wafer diameter
200 mm.
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linear dependence on the concentration. i5 Figure 2: deposition of hafnium
oxide in the ALD mode in an A400 reactor from ASM. A sufficient
homogeneity over the wafers’is achieved in the ALD mode too only at
high concentration of Hf ethoxide in ethagol. The 20 deposition rate shows
less dependence on the H_ " ethoxide concentration in ethanol.
Embodiments: 25 1.1. MOCVD or RPE-MOC VD of hafnium oxide or
Oxynitride 1.1.1 Hafnium oxide Precursor: Hf(OC2H5)<. dissolved in
C2H50H 30 Process temperature: 250 - 450C Pressure: 5 - 200 Pa
Deposition rats "G4 % 8 hiifnin 35-3dhdsition of Hf02 in the CVD mode in
an AZe reacior from ASM with 125 weders in the boat. Wafer diameter
200cape = 118 oRracess temperatuge: B%L@gssure' 35 Pa Deposition
ratepg,fwg;a Precursor: Hf eth ssol 17%(3 in ethanol Gas flow: 1
slm nitrogen as carrier gas Precursor ﬁow 0 g/%ﬁ‘cl’f?éﬁ’r%dsﬁthseWaml
thisEon g)éﬁWe deposition of 10 hafriidfh GXide ivte €VD-modedn anes
A4Q0 reactercdfroml] ASM. A sufficient/sorgpgeneity over the wafers is
achieved only at high concentration of Hf ethoxide in ethanol. The

depéasition ratr:_\1 shows a Ilnear de%endence on the concentration.
Igure 5] context the deposition

hafnium oxide in the CVD mode in an A400 reactor from

ASM. A sufficient homogeneity over the wafers

achieved only at high concentration of Hf ethoxide in

ethanol. The deposition rate shows a linear dependence

on the concentration.

1.1.2 Hafnium oxynitride

Precursor: Hf (0CyHs), dissolved in C5H;0H

Coprecursor: ammonia

Process temperature: 250 - 450°C
Pressure: 5 - 200 Pa
Deposition rate: 0.1 - 5 nm/min

1.2. Sequential aftertreatment by oxidation or nitriding

of the laver

Oxidation Dby ozone or oxygen radicals from remote

plasma

Process temperature: 250 - 450°C

Ozone concentration: 10% by volume in oxygen
Oxygen radicals from remote plasma:

Gases: oxygen, nitrous oxide



15 1.1.2 Hafnium oxynitride Precursor: Hf(OC2H5)4 dissolved in C2H50H
Coprecursor: ammonia 20 Process temperature: 250 - 450C Pressure: 5 -
200 Pa Deposition rate: 0.1 - 5 nm/min 25 1.2. Sequential aftertreatment
by oxidation or nitriding of the layer Oxidation by ozone or oxygen
radicals from remote 30 plasma Process temperature: 250 - 450C Ozone
concentration: 100 by volume in oxygen 2 Oxygen radicals from remote
plasma: Gases: oxygen, nitrous oxide - 19 - Pressure: 5 - 200 Pa
Micrgwavelpower: 2 - 6 KW By sequential oxidation with ozone or oxygen
radical$S “atihtefvals of 3 rm at a t@m‘pe‘?%r@ ®f 390C, it was possible to
reduce the leakage current at a field strength of 2 MV/cm from S 10E-7 to
1 10vi-Sfeswa-Mitriging:by nitrogen radigalgfrom remote plasma: Gases:
gwitroqen, ammonia 15 Microwave power: 2 - 6 kW By sequential nitriding
with nitrogen radicals at intervals of 3 r_m at a temperature of 390C, it

wasEPos3isie 6 Fddice Hie [Rakage curiant abadield 20 strengieof 2adicals
MV/em fiom&riGE< to § WE-R/caR2. 2. ALk RREALD.Of hafgium .

0ﬂd§6g§§%@gnd%o reduce the leakage current at a field

strength of 2 MV/cm from 5 10E-7 to 1 10E-8/cm?.

10
Nitriding by nitrogen radicals from remote plasma:
Gasges: nitrogen, ammonia

15 Microwave power: 2 - 6 kW

By sequential nitriding with nitrogen radicals

intervals of 3 nm at a temperature of 390°C, it was

possible to reduce the leakage current at a field

20 strength of 2 MV/cm from 5 10E-7 to 5 10E-9/cm?.
2. ALD or RPE-ALD of hafnium oxide or oxynitride

2.1 Hafnium oxide

25 First precursor: HE (OC,Hs) , dissolved in C,oH:0H

Process temperature: 200 - 400°C

Pregsure: 5 - 200 Pa
30
Deposition rate: 0.05 - 0.5 nm/min
Second precursor: H,O, ozone, oxygen radicals

35 2.2 Hafnium oxynitride

First precursor: HE (OCyHs) 4 dissolved in C.H;0H

Coprecursor: ammonia



2.1 Hafnium oxide 25 First precursor: Hf(022H5)4 dissolved in C2H50H
Process temperature: 200 - 400C Pressure: 5 - 200 Pa 30 Deposition
rate: 0.05 - 0.5 nm/min Second precursor: 1420, ozone, oxygen radicals
35 2.2 Hafnium oxynitride First precursor; FIf(OC2H5)4 dissolved in
C2H50H Coprecursor: ammonia 20 - Process temperature: 200 - 400C
Pressure: 5 - 200 Pa 5 Deposition rate: 0.05 - 0.5 nm/min Second

Preaursr: H2Q. zone. amponia, pyygen gadicals, nitrogen radicals,

mixtures of nitrogen, ammonia an

oxygen In the excited state 10

Microwave power: 2 - 6 kW Deposition of Hf02 in the ALD mode in an
A40Breastor<rom ASM with 125wafers in the boat. Wafer diameter. 15
200 mm. Process temperature: 240C Pressure: 50 Pa Deposition rate:

. f'ﬁgure 2 20 Precursor: Hf ethoxide dissolved in ethanol Gas flow: 1.5

slm nitrogen asBartier Gas Preclrs®f flow0.75mhiH: Rigure 2 shows the
relevant deposition of hafnium oxide 25 in the ADD mode in an A400

reactectsom ASM-Ay-syfficient hgg@p,geggg}g gver] Epﬁ\ef)v%%faers is achieved

ode too only at high concentration o oxygen

in the ADD
Q%dlcaf%, nitrogen radicals, mixtures of nitrogen,
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ammonia and oxygen in the excited state

Microwave power: 2 - 6 kw

Deposition of HfO, in the ALD mode in an A400 reactor

from ASM with 125 wafers in the boat. Wafer diametexr
200 mm.

Process temperature: 240°C

Pressure: 50 Pa

Deposition rate: ct. figure 2

Precursor: Hf ethoxide dissolved in ethanol
Gas flow: 1.5 slm nitrogen as carrier gas
Precursor flow: 0.75 g/min

Figure 2 shows the relevant deposition of hafnium oxide
in the ALD mode in an 2400 reactor from ASM. 2
sufficient homogeneity over the wafers is achieved in
the ALD mode too only at high concentration of Hf
ethoxide in ethanol. The deposition rate shows only a

slight dependence on the Hf ethoxide concentration in
ethanol.

On deposition in the RPE-ALD mode it is possible to
reduce the leakage current at a field strength of
2 MV/cm from 8 10E-8 to 3 10E-9/cm® by using nitrogen

radicals as the sgecond precursor at a deposition
temperature of 240°C.



ethoxide in ethano The deposition rate shows only a slight dependence
on the Hf ethoxide concentration in 30 ethanol. On deposition -Jr. the
RPE-ALD mode it is possible reduce the leakage current at a field
strength cf 2 MV/cm from 8 10E-5 to 3 19E-/cm2 by using nitrogen 35
radicals as the second precursor at a deposition temperature of 240C. 21
The deposition of the layers was effected both on single wafer lines and
on bateh lineg having-a, loading to product wafers_5 The hafnium
oxide.or ax r%tri(j;:le lave= de ositt}g%bya% TZE?/gD oV?’%E-ﬁgE%%ngﬁaOth on
ALCVD Or RPEZALCZ T 5reistin® GuiShe By véRrgooeretdgescaveting ding
on difficti tbpbgraphies Wwithaspeet ratios of 50 (depth/height of a

structure) combination with very good electrical 10 properties, low

conminaﬁig A?_V% ofé::grb n or_chlorine and low precursor costs
compared with all other hamium preSirédrs: TEBYD WISE - srigied by
1. THeSe ot sBRitioH ST Ghe @reoPd AaMIUM: alkBRidREOVIZireoRIUM i st in-
alkaxideshasia prgcursesfor 5 gatsum exige anqg@gyg%oxyggr.i_ggfficul .
IayetrgE% ) girearium.gxide and zirconium oxynitride layers, a 30; 90% ,
strength by weight solution of 6he or more hafiufT a%xi&%%%d“ﬁ%&@t oL
as preirdUrFforRamiutl 0% 8B ahBaRdfRuNYe/Ritridelayersmi a8080%;: cal
1 Ostrengtirly 1 0aweightlsolutionaf oar onaarerzircaniyanalkoxides-heing,, -

usedasa-preeuragifor Zisgoniym oxide and . compared with all

other hafnium precursors.

Ul
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zirconium oxynitride layers, the hafnium oxide and hafnium oxynitride _
layers being produced by CVD or ALD processes, and 15 a solvent being

one or more selected from the group consisting of alcohols, amines,  LLOYD WISE

ethers and esters. 2. The use as cla_img in claim i, a 50-800 strength 20

by weight solution being used. 3. The use as claimed in one or more of

the prageding claims, the hafnium oxide or hafnium oxyr_utrlde layer 25

being produced on capacitors or transistors or as an optical, layer on

laser mirrors. 4. The use as claimed in one or more of the preceding

cldims, thhkafniwm alkdxides usedibeing haffiune metho 30 exide, hafnium
hafniupkn-pEapoyde, Béwwﬂﬁgprm&&%%?fa%af%u%%%‘%'ﬁjgo%- for
The use as claimed in one or more of the preceding. claims, the solution .
comprising '30°909% of hahflunt ietH-"85 oXHER LEGYE) WISESL 93 @r  for
Thel tiseas eminted ficorner radrecohdlaime 13 i theistiutibayconsprising3 0 -
B@QQ%Ma@thﬁ&m@ﬁgl@ﬁh%@}e}_@ﬂmﬂ@fys@@ @@éﬁ%ﬁﬂ@ tof@%{ium
mare, af receding claims, the solution comprising, in ition to
hagfr%%nggl%gidgg gllgglvg%nte r(?avallrslg ]%trpeo?:ﬁlrrgsr(c%5p.F‘for 8FHE HE ggx1de and
clATEH Tt laifi 7 "the ‘sbftent bRIRE Bn &&ohdlic stveHtso. Fheesebl by
claieieghin claind. 8 thersoleent comprising woe ©r nmarecsiraight-cRaiR ®f i de s

brepched C2s€B- 25 2 precursor for zirconium oxide and
zirconium oxynitride layers,
the hafnium oxide and hafnium oxynitride layers
being produced by CVD or ALD processes, and

a solvent being one or more selected from the

group consisting of alcohols, amines, ethers and
esters.
2. The use as claimed in claim 1, a 50-80% strength

by weight solution being used.

3. The use as claimed in one or more of the preceding
claims, the hafnium oxide or hafnium oxynitride layer
being produced on capacitors or transistors or as an

optical layer on laser mirrors.

4. The use as claimed in one or more of the preceding
claims, the hafnium alkoxides used being hafnium meth-
oxide, hafnium n-propoxide, hafnium isopropoxide and/or

hafnium ethoxide.

5. The use as claimed in one or more of the preceding
claims, the solution comprising 30-90% of hafnium meth-

oxide.



15 alcohols. 10. The use as claimed in one or more of the preceding

claims 8-9, the solvent comprising EtOH and/or the solution comprising

hafnium ethoxide. 20 11. The use as claimed in one or more of the LLOYD WISE
preceding claims, hafnium being replaced by zirconium in said

compounds. 25 12. A process for the praduction of a hafnium oxide layer

or zirconium oxide layer on an article to be coated, which comprises the

following steps: a) provision of a solution as defined in one or more of

claims 1-11 and of an article to be coated; 30 b) introduction of the

scfution iAteea reactor aind 1vapesization ofitbe solution-ia the reactor@r a)-4,
vangsizalignof ihe:soltiap.anciptiodistian of e vanardpio aseactor,d,
deeoq?itiondof the vapor on t_he article for the 35 formation of a hafnium

oxuge Pa@%ar Br zirconium oxide layer. LLOYD WPJISE - 24 13. The

> process as claimed in claim 12, step c) being effected by liquid injection

into.the heatee ani;gecharpber-ofthgdeacto, byaglésle@ﬂqllél%%%ﬂtir‘%& Ol the
| v izati . The process as claimed in claim 12 or. 13, the. . .
G TBcc AL bt MBCD, REERIGRUD” ALEVE G 107

a
deposition process used being the :
RPE-REEVB B 08dsL 1S, TheSprbeass ab 21aimedan pRéor mcreud -

claims 12-14, ni.triding by means of a nitrogen-
10 8. The use as claimed in claim 7, the solvent being

an alcoholic solwvent.

9. The wuse as claimed in claim 8, the solvent
comprising one or more straight-chain or branched Cp~Cg~
15 alcohols.

10. The wuse as claimed in one or more of the
preceding «claims 8§-9, the solvent comprising EtOH

and/or the solution comprising hafnium ethoxide.

20
11. The wuse as claimed in one or more of the
preceding claims, hafnium being replaced by zirconium
in said compounds.

25 12. A process for the production of a hafnium oxide
layer or zirconium oxide layer on an article to be
coated, which comprises the following steps:

a) provision of a solution as defined in one or more
of claims 1-11 and of an article to be coated;

30 b) introduction of the solution into a reactor and

vaporization of the solution in the reactor, or

c) vaporization of the solution and introduction of

the vapor into a reactor;

d) deposition of the vapor on the article for the
35 formation of a hafnium oxide layer or zirconium oxide

layer.
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containing gas for the production of a hafnium oxy- niFride Igyer _

additionally being effected. 15 16. The process as claimed in claim 15, the

gas used being N2, NH3, N20 or a mixture thereof. 17. T_he process as | oyp wise
claimed In one or more of the 20 preceding claims, in which NH3 is used

as the nitrogen- containing gas or coﬁre%:%rs?or. _8.The process as

clajmed in one or more of the preceding claims, hafnium be!ng re_placed |

by Zirconiuht 257 ¥FE EorRodrdst 1o The process ab<Llaimedkin oheloring
moréfofotlaiims 18-18, ithe adticle being-an MOSHransistar a £apasitor gt .-

a laserdPIEor o the reactor, by pulsed liquid injection or

aerosol vaporization.

14. The process as claimed in claim 12 or 13, the

deposition process used being the MOCVD, RPE-MOCVD,
ALCVD or RPE-ALCVD process.

15. The process as claimed in one or more of
claims 12-14, nitriding by means of a nitrogen-
containing gas for the production of a hafnium oxy-

nitride layer additionally being effected.

16. The process as claimed in claim 15, the gas used

being N;, NHi3, N0 or a mixture thereof.

17. The process as claimed in one or more of the
preceding claims, in which NH; is used as the nitrogen-

containing gas or coprecursor.

18. The process as claimed in one or more of the
preceding claims, hafnium being replaced by zirconium

in said compounds.

19. The process as <claimed in one or more of
claims 13-18, the article being an MOS transistor, a

capacitor or a laser mirror.



