S3413 *159159* Use of dissolved hafni um al koxi des or
zi rconi um al koxi des as precursors for hafni um oxi de

and hafnium oxynitride |layers or zirconium oxi [}
zi %gggéum oxynitride |ayers 5 The present i nvenmmmmmmllmmmm
re to the use of a solution of one or nmore . 550+
haf ni um or zirconi um al koxi des as precursors for
haf ni um oxi de and haf ni um oxynitride |ayers or
zi rconi um oxi de and zirconiumoxynitride 10 | ayers.
The present i1nvention relates in particular to the
use of a 30 Use Icstsseriged e fndivghta ldexiddesn o8f  one
or Safniunaiked des e Al SHY B ne@rii S oxfidle and
produci ng haf ni um oxi de and hafni um oxynitride || ayer s
Cor zi rBRARUARORK YR BREYSI iLaSﬁFﬁn?Bx%F%??ﬂ‘émlgx*% et
by CVD or. ALD netziedsnium addintiiton,det Heayemsent i on
relates to a process for the production of a hafnium
oxi de and hafnium oxynitride |ayer or zirconium oxide
and zirconiumoxynitride layers on an article to be ,
codthed prawend Haftanihal kextaleesoFat £BR §FSzidlcshi Impution
20 3l kgxiedeosol Hbikan whkahugONbal NgiBoh uR0% bioxides as
wei ght of one _or re hafni um al koxi de r.zirconi um_ .
al P&ficdlééorsl-laffﬂi'fu;[}]?%%‘ﬂ%m arfg st ni2id of}?%?%??deoxymtrlde
| ayer®rar eorheziktpat umhobgédéor ahdt ur ergenéumt i @xgnipfride
seni_conduct n ] ris f
i e i e
i nthenorse neflubesSO itP PR t FEEPBETRNBYgHEd R AUr® of
3? ahid lt&y QfortehtGhéﬂﬁ(ﬁgrﬁ ta!lfkdsgmﬁisnafbj:grtiwiddmmmhi ghkoxides
iel ectric constan I,stinqui.ghing_the rjal o
coyar eé’r\ﬁdlllﬁl&lgheﬁ"aﬁéltléi‘f“ 5l§§i d%gq Ahigg%?ﬁ%r oxynitride
i Mientearst appl zéatioonuof hafideunaodi deipgonium  oxynitride

15 layers by CVD or ALD methods. In addition, the invention

relates to a process for the production of a hafnium
oxide and hafnium oxynitride layer or zirconium oxide
and zirconium oxynitride layers on an article to be
coated, and a hafnium alkoxide solution or zirconium
20 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
25 components as a dielectric both for MOS transistors in
logic modules and for capacitors in memory modules, in
particular the good temperature stability of the layers
in combination with a high dielectric constant
distinguishing the material compared with other metal

30 oxides.

A further important application of hafnium oxide or
oxynitride as a dielectric 1is that for integrated
capacitors, so-called MIM (metal-insulator-metal)
35 capacitors in the wiring plane of logic modules, the

metal planes being used as electrodes. In this
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oxynitride as a dielectric is that for integrated
capacitors, so-called MM (netal -insulator-netal) 35
capacitors in the wiring plane of |ogic nodules, the
ng%gl glanes bei ng used as ebectrodes In this

807+ s3413 - 2 applicafién, the high chenical

St%gFllEXtQEnhafﬂhénﬁr&ﬁid%h%@ukﬁﬁ n@ﬂﬁ%@h@t§|e§frcﬁﬁfnlum

such as titaniumnitride and tanta
ni oxide, R aBEFtlBﬁnP6bl?hee%?§Frﬂ?%léETF?%l%ﬁhst%Hﬁh as
CO&EQ@@dmmtﬁhﬁﬂﬂd@OﬂndStantaudm(nlﬁﬂlﬂnmunnom@datusn to

é%nltgﬁloaFnlggoégg SOénggggtto gﬁégfégr with silicon

um oxi de ~or 0OX ayers are
basxedtronlet loes asemdhumabriidm léhaéwaaéagppqgl d

| ong-chai n undi | uted hafni um al koxi des 10 and
hafn|un}an1noalkyl precursors Haf |unrchlor|de

sORE@PREFCh§ o4 WHeFSI SR VEgST £ Pr or}qr;féugrl Gpide
beiotg oHeoi {PoT & edayerghareelleﬁedcah ctu‘re ngseh@f hafnium

depaiots QO {8 d XSEe AN NS W BEUT EBlun e koxides

el nNg dverse
th@n@d@@f@ewgrﬁwgnpgl&ﬁéu?ﬁﬁ@@éﬁPrSAlthough I|qU|d
Iong chai n haf nium al koxi des have. a sufficiently
hi vapor pressure for. CVD.and ALD, 20 nethods,
th iugt o6 PFYRF Lthe? s FHEENCRIVIRI nét %%f¥|&|entvapor
fopﬁyﬁyuﬁeru;qhmmimm@eedaxenhqynyr ihddiputated in the

t opaqyr aphi es. t%@%@“”ﬁ(@ NQaL&yl ¢ PEECHES QLS h.aa\ﬂfer%o%d the

propertl ES ect” to 1 ncorporat ed carbon_in

th@ﬂ%il}:@rl@éﬁd QIrS’Qer*\?é?? gues edrRpd oV eAvRgsebyr heected.
MR ey <30S th AlRigR0 cofie@inighals tiheiu't fuse ehar.

capacitors in nenory nodules and M M capacitors

appears questionable. 30 Alist cf the nost well known

pr edursargh andquhe nmbomerchahnwhainilrey sdikoxiskes have a

aC%&&%f&léﬂ%fJ“3H¥éﬁn @Hﬂoﬂ'wpressure for CVD and ALD
methods, the thermal stability of the substances is not
sufficient for achieving good edge covering on

difficult topographies.

Hafniumaminoalkyl precursors have good properties with
respect to incorporated carbon in the layer and also
very good edge covering, but the material costs are so
high that their use for capacitors in memory modules
and MIM capacitors appears questionable.

A list of the most well known precursors and the manner
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
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.
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S3413 - 3 - 1 . HF halides: Hi X4; X =d, | Reaction:
Hf X4att2oH20HEX, Hf 02 H,04 X HEQHK +hal HHes are highly
reactive ALCVD and CVD precursors. Problens exi st
with regard to low volatility and - as nmentioned
5 ab8fehalindeskredhigbbypseact bve ohLBYP aed FYR PY@IFFOLS.

oXipgeph @¥8" -exk& 2. wHn nkE&éE@ tldf lW)vélJ@flf@y Nand - as
problemwith H nitrates is 41e|r ex oswe itﬁ?éls]@i%s

3. "APtAPRELaFPRIS HUINAIRL]Y L nEo

Hf takkgplfapikdes amgetreacted in a reaction W|th H20, 03,

O radicals, NH3 or NOx radicals. They are highly
reactive ALCVD precursors. The main problens of their

10us@-ar e BEO niffrayery BENRb) cat ed preparation process
and hence their extrenely high price. 4. HF

I 4 25 Marked feat .
CORRLnn the APl UECERL 2, LSS e
ar eeldfs .al koxi des: Hf (OR) 4 R-CHS C2H5, (iSO ) C3H7,

(tert-~ CAH9. A reaction is effected with H20, 03 0
radi cals and 02. The Hf cog&l exes can be use

15MOBVYD pEEc @l&kylamds@ssa B (IR R"ds/ ARCVERDr RE ?%br £2830

Probl ens arise through their properties as solids
havi lLow val atilit ept .for tert-
NS KRR, Arish SRR Y oA S (0 O
radicals, NH3 or NOx radicals. They are highly reactive
ALCVD precursors. The main problems of their use are
20 the very complicated preparation process and hence

their extremely high price.
4. HF complexes: Hf (mpp)., Hf (acac).

25 Marked features are a high C content and low growth
rates. Examples are Hf alkoxides: Hf(OR)4 R=CH3, CzHs,
(iso-) Cs3Hy, (tert-) C4Hy. A reaction is effected with
H,O0, O3, O radicals and 0. The Hf complexes can be used
as MOCVD precursors and partially as ALCVD precursors.

30 Problems arise through their properties as solids
having low volatility (except for Hf(tert-CyHgq)s:;
however, there is the problem of poor £film guality
here; Hf(tert-C4Hs}ys can therefore be used only as an
MOCVD precursor) .

35
The following specific examples may be mentioned as

known hafnium precursors:
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here; Hf (tert-CAHO)'4 can therefore be used only as
an MOCVD precursor). 35 The follow ng specific
exanpl es may be nentioned as known haf ni um
prgﬁgiﬁors: S3413 - 4 - HF @Iﬁoxides: Haf ni um
me de HH(OW)4 0 CH3 H3C/ - If-0 CH3 Mol ecul ar
Ve ght 15302483 . Mol ecul ar For nul a =CAHI 2Hf O4 Mol ecul ar
nposi tion =C 15.88% K 4. OOLI /1o Hf 5a.98% 0
21HaBoppy metppypeet HESOMBhite solid at room
tenperature; nelting point 500C, remarks: highest Hf
content of all alkoxhqgs. 10 Haf ni um et hoxi de:
Hf (CEt)4 CH3 | H2 COMR if-0/ CGCH3 H3C-CO0 H2 CH2
UH3 Mol ecul ar Wi ght =358 74 Mblatul ar Fornul a
=C8H20Hf O4 Mol ecul ar Con‘po#i ti oy/ =C 26,790/6 H 5.62%

Hf 49.76% 0 17.84% C& ~—Ng. 13428-80-3
Properties: white sgVid atlroon1tenperature S3413 - 5
- H,C o

\\\CHa

Molecular Weight =302.63
Moiecular Formula =C4H12Hf0O4
Molecular Composition =C  15.88% H 4.00% Hf 58.98% O 21.15%

Properties: white solid at room temperature;

melting point 50°C;
remarks: highest Hf content of all alkoxides.

Hafnium ethoxide: Hf (OEt),
H.C
2 \ Hz
‘]3 C——CH,
omw—Tﬁ——o
H,C——C N
H
2 \(I:Hz
|
CH,

Molecular Weight =358.74
Molecular Formula =C8H20H{04
Molecular Composition =C  26.73% H 5.62% Hf 49.76% O 17.84%

CAS Reg. No. 13428-80-3
Properties: white solid at room temperature
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Haf ni um n- propoxide: Hf (n-2r)4 H3C CH2 | /QH3 K2C O-
H2 GCCH2 H-0OH, CC H2 CH2 H3C | R2C CH3
Mol ecul ar Wi ght =414.84 Mol ecul ar Forrmul a =C12H28H O4
I\/bgﬁgh}gar Conposition =C 34, _74%H 6. 80% Hf 43.03% 0
CAS Reg. No. 25491-66-1 5 Properties: white
roo tu d H sub O = 83.7 +-
%ll ER?Em R Eg%gg?t%é H?(n ?Lfﬁ J. Chem Soc. Chem
ComTun 830 (1975)) Pr obI em | ow thermal stability
10 Haf ni um tert +H0toxi de: HF(t-Bu)4 CAS Reg. No.
2172-02-3 PropertiesTcH, qU| d at room tenperature,;
vapor pressure 15 2 j at 75'C, remarks: thermally
unstabl e (cf. deconposition route); rm-gh volatility
ow ng to steric hi n&%ﬂr@ by buhky rt-but oxi de

groups S3413 - 6 - CH, H®CC 1c, 13 CH 0 CH13
H,
O——Hf—0

o/

Cc g 0

/ : \cH2
H,C
H,C
\CH3
Molecular Welght =414.84

Molecular Formula =C12H28Hf04
Molecular Composition =C  34.74% H 6.80% Hf 43.03% O 15.43%

CAS Reg. No. 25491-66-1

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

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

CAS Reg. No. 2172-02-3

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

remarks: thermally unstable (cf. decomposition route);
high volatility owing to steric hindrance by bulky

tert-butoxide groups



111 CH3CH3 H3CCCH CH3 Mlecular Wight
=470-96 Mol ecul ar Fornmul a =Cl 6H36Hf O4

Moi ecul ar Cor nporsi ffon=C 40.91% H 7. 70% Hf 37.90% 0
11%2%13thermal deconposition gHg HO + HG+ 4 HCQ
\ Haf ni um 1- net hoxy- 2- et hyl 2-propano| at e:
H(MP)4 [/ CHB H2 Ch3 H3 CC'1-1~'--1I / CH2 O
/I C,,, OH3C11",,!C/ H3 CI / CH.3 0 H-0 43C
--,, C/ CHa /| “wg==G-18,C/ HC/ \ 0 1-13CH2 H
3C Mol ecul ar Wi gfwt 91.06 Mol ecul ar Formul a
=C2DH44Hf C8 5 Byl ecul ar Con”p(m;tl on =C 40,64% H 7.50%
Hf 30.20% 0 21)66% Ot}\s Reg. No 309915-46-8 S3413 - 7
Properti eﬁc_J_LéJ,u_ob-aI-Hr-eem—t—@memat ure (nmelting point
150C); vapor pltessurefo 1 mﬂ—ilg at 1000C;, 7.6 mHg at
1350C CH, o CH,

H,c———cl:——crf3

i
CH,

Motecular Waeight =470.§S. o
gcular Formula =C18H36HI04
mg:ecular Composition =C  40.81% H 7.70% Hif 37.30% O 13.59%

thermat decomposition l

|

HO, = HO o 4 HCTC

CH,

CH,

Hafnium l-methoxy-2-methyl-2-propanolate: HE (mmp)y

CH,
H
O /" \
/ \OH C\ /
H,C i / \
O~ Hf——0
H:,c\c / y
/ \CHSO\C/ /0\
HzC\ g / \ﬁz ch,
O 3
/
H,C

Molecutar Weight =591.06
Molecular Formula =C20H44HfO8
Molecular Composition =C  40.64% H 7.50% Hf 3020% O 21.66%

CAS Reg. No. 309915-48-8



Remarks: |low growh rate owwng to bulky ligands. 5 Hf
al kyl am des Tetraki s(di net hyl am no) haf ni um TDI AAH
Hf(NI\/bZ)4 10 HCH H3, QA NCH3 1, NH -N H3C H3C N

534 CH3 Nblecular Wei ght, =354. 80 Mol ecul ar
Foriru =C8H24Hf N4 Mol ecul ar Ebnposition =C 27.08% H
19%%5@3%t§9531%’1 Ll]_'l.% 7§t@ r%§l %&npé@at@%SZm@@tﬂng point

Properties: solid at roon1te e;atu
mellBi’ Ry’ poTaRor 2Bregerrey dhor BrikLsaFe qug gy mmHg at

48085 °thermal 15 deconposition > 90*C

Tetraki s(et Ine h T ) 4

G eRr oRT - b8P R A g Buth U oy BNE ot RS
5112C CH3 H2 UN3 Mol ecul ar Wi ght =410.91 Ml ecul ar

Formul a =C12H32Hf Nd 20 Mbl ecul ar Conposition =C 35. 08%

H 7.85%H 43-44% N 13.63% S3413 - 8 - CAS Reg. No.

3586381 ylampAgSerties: |iquid at room tenperat ure;

vapor pressure

Tetrakis (dimethylamino)hafnium: TDMAH Hf (NMe:)4
10

Molecular Weight =354.80
Motlecular Formula =C8H24HfN4
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; vapor pressure 0.1 mmHg at 48°C; thermal

15 decomposition > 90°C

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

Molecular Weight =410.91
Molecular Formula =C12H32HfN4
Molecular Composition =C  35.08% H 7.85% Hf 43.44% N 13.63%

20



0.1 mHg at 790C 5 Tetraki s(di et hyl am no) haf ni um
TDEAH: Hf (NEt2)4 CHa CH3 H2 L; CH'H H3CC~ /
CCH3 H3CGC/ NI if-N\V GCCHH HRCCHH 31 2 CH3
| ecul ar Wi ght =467. Q1 gMal ecul ar Formul a =01
fﬂ Mol ecul ar Cbnp03|t|on =C 41.150/a H 8.63%

FI 238 823% Nol2360%35ChS- E;leg No 19824- 55- 6

19962-12-0 10 Pro ecgles ressuyre 0. Iﬂﬂ#%
136repegtieming 6dE Fe% r¢E§ PEGR \95Sor Vﬁ‘.Peoss gossure
150Hafmmmgnbhydedmylanlne. Hf (ONR2) 4 R = Me, Et
Remar ks: Poor fil m norphol ogy, narrow ALD tenperature
range at 300'C. 20 Process for the production of Hf 02
Slayers In principle, various processes for the
depQeidsikaR (ofi e thaf R Mo Riade 10k hakRHYMHEX Ry | de
| ayers are knowmn'in 25 the prior art. These can be
di vided into ALCVD and CVD processes. S3413 - 9 The
CVD process (chen1caIcM§por dﬁg05|t|on = CVD) is the
chem cal conversion of a reaction gas consisting of
one or nore volatileiconpou into a solid substance
and volatile bypr GEPS\ Eef ep05|t|on of the | ayer,
the 5 reactlcgcgascls passed ovep—%ha4substrate to be
coat ed.

/NmTf"——N

HC——¢
/\

Hzg
CH, CH,

Molecutar Weight =467.01
Molecutar Formula =C16H40HIN4
Molecular Composition =C  41,15% H 8.63% 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 96°C
Remarks: low vapor pressure

15 Hafnium hydroxylamine: Hf (ONR;)4 R = Me, Et

Remarks: Poor film morphology, narrow ALD temperature

range at 300°C.

20
Process for the production of HfO; 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.



Usual |y, processes for chem cal gas-phase deposition

are categorized according to the operating gas

pressure, the determ ning activation nethod and

deggﬁy on 10 tenperature andyreactor wall

tenperature. A distinction is rrade here between

at #RSPAGH Cg/r@&@%ur@h&a@céﬁ SDSPHEK i€ cvD) is the

pressure ressure L CVD = | ow
préggmréaéveynaﬁasbpasﬁé evrseeﬁé\r G BAFEGHY S Pk Af °ne
enbanerd<CUR) 1atlbl heompobgadsnenald i solpdumsddsarace and

use%la%hfewgpv cég PéggggéfﬁzPﬁg? Qﬁgagﬁge&%bkkc he

o

cvby“Variant s Teterred so-ca

5 RPEeAECWDnogaRPESI\/Q)@)i’@eéaﬁvars‘éhebéué?ééa(:?eﬁ@t ge coated.
pl asma enhanced CVD process). These 20 processes are
descri bed bel ow. RPE- MOCVD %&7 mot e _pl as nhanc
mel&Past Jani RE €¥B) 3°° RPEIAL BOBEFértot 82 pT Bsﬁﬁeen R Lon
at ageC cbayégbrﬁ'/@bl acdbedihegr tal thecoppostinonga$ phessure,

org%no(ééﬂé} iont%Q@8%§oBf0@%é%£@y %Rﬁ d?P051tlon

|ntrodu i Oon o ni zed gases Intot
10 e&@ﬁ‘@ﬁrathéee)@@ldt aEeeTF oo WaHd tRIRRaratIng £ et @bsfipction

Sgégéﬁr%rdélalthhgn@%&%@mgeméfgﬁ@k@c ph:astaa)cearuﬁm hespcvp =
| roauce I Nt o react or
DeRGOBPESEAE A TRTHTSl CYPeci ko 38 Fes g |50 TIREVD

r adro@zal BYessusti [dVipar tdnd apleens. Radi cBG'F eoy. BECVD

H o] S n simultaneously with the |ayer

de oéalsgngor? ?ﬁgg %(%V ‘or preferably sequentially in

15RPE- ALCVD). The precursor feed is 35 interrupted at
Cem%@hno&bﬁaometgryabScamﬁohhesIayerusaareaﬁg MOCVD (metal

deposited i reated with ca ul 1

FOPEGAG I CVonehEa oo Ehe. Fay By ohr ¢ oiiita iy, HoFerred
S3413 -Fil(ally,ackhevalieed BPEeRBEVDspPai aﬂEoﬁ@Cr\rtbscan also
(eb% thQr (remote plasma enhanced CVD process). These

I

20 processes are described below:

RPE-MOCVD (remote plasma enhanced metal organic CVD}:
RPE-ALCVD (remote plasma enhanced atomic layer CVD):
The thermal decomposition of the organometallic
25 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

30 (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 1is
35 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:
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poration of 0 into oxide layers) - renmpval of organic
residues - reduction of the C content 5 -
i ncorporation of Ninto oxide |layers (oxynitrides.

thrgagg N radicals) - inprov el ectrical properties
e current, dielectric strength, capacitance)

10 Far QCRHEEQﬁéngxgﬁngﬁé@m Of o eROsShit PN P 96CESCS ncor-
whi ch can be use he context of the present

i nventi BAratignePénBelfhy BElARJE2YBTSbveral papers in
the techameahl lJft espjarits kesiexaspl-e reduction of the C
M kroelekt% gk Technol ogie, edited by Prof. Dr sc.

techn Verl ag Techni k 15 GrbH, Berlin -

Muni eh, ih@8tpoantibancd attiondcoxadd lewkasnatdxmitrides

Technol ei e edi tor Wle VCH,
VE|nhe|gg¥58§§ R lEﬁ}egggs{ir&;léobIems)vvlth t%z%use of these

t echrol 65PESVEd) BERTFLTRY h@TPPEFitdiSon bteBRPT ciBHE Rt
amount s deklepregur set-engith, paapbaeukancépr batch

reactors; otherwise, a diffusion-controlled CVD with

poor unlforn1ty or extrenely long cycle tines (e.g.

i n Folre ac dse thfs rAle@YD)anats aof fofc tapo 8 4qn Br QGRS or@ich

t h%a]‘?lbjk?&t uBEat Ne prgseprbniRY@NdONEHE ﬁﬂ gee@Meidfention,
probl enms occurring 1 n _the case of the f

ni um oxj d .
pré@é@§8ﬁ§eoﬂth§epW?8F 5PtseV8Fa%x8ﬁB?§s ?%rﬂ%?i%ﬁﬁhﬁlcal
reaui@&&t@m@ [t hedy ghexcassld acubkraatlek heod0k-Technologie,

fre o%pu5§| RQor ed §109¥eré ég‘cbégiéénfechnlk
al's & the- pre

ct of
|n@ﬁﬁﬂmonBenlmeV|d@u@¥©bur§@ﬁé fo@n@héEW§ﬁ#ﬁmﬁﬁﬁﬁ%ﬁ§ and

or N IIEP Ry Nirk kL A81 88P0S iR @R Wi £8e £aN b8 t4Fed 1Wiley-
V'suff|C|ent aagé t and al so concentrati on for batch
35 (e figiaheim, Burt hernore the object of the

pr esent
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
fregquently occurring poor edge covering on difficult
topography. It is 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
purpose which can be used for a very wide range of
deposition methods with sufficiently high deposition

rates.



i nvention to provide precursors for the abovenenti oned
pur pose which can be used for a very w de range of
deposition nmethods with sufficiently high deposition
ra%gg S3413 These objects_a{f achi eved by the

subj &? of the independent clTainms. Preferred

enbodi nents are described in the dependent clains.

The abovenenti oned probl ens are sol ved by using a
solGieFen 8PIBRESor 2RBr e2RAF RV BTh dPkoxtHes %ﬁk%ékﬁxnﬁQMnthe
al keykdendaatacpaeasr. s @ effer reaf rimboddxiete sared:chafes ambed
oxyni tride |ayers,or.zikrgoni um oxi de and zirconi um oxy

10 ﬁi%%ﬁdge 5§§?§F F%é%é§'surprisingly been found
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st ahbi NdpofBheht @bnelihepPEBDLRES QEEUrEbDGedin BPE using a
prior art and relating t% ngr,vola iL1ity arisi

ng. .
t hEdgh1eBmaTerons oY Fref'Pb BiiBoge)C&dfiege ©r 2irconium
ovean&eme detb abhex psesentsénveati aafnélbat exide tdnet hafnium

B T

al koxirdde, latviecls -afé hasudunprsddenity &eap faynst Hwt, by

thesusg of these:2ohsolddians aF eearonifal LREEEUrSOASting
for thé production oL haf ni um or, _zi r.coni ,um oxi.de ar g
oxPRteride | a%chéfrsp’v’\?l? oM hQCHHE TIPS okt e abPy I CRoAh 20
andkan tAhGVD: pr geess esvo faori tihey mass spngduthirongbf complex

| nRgraledclLalll Laoy2y TR BLeGYEsAbaeosts Of these
di ssol've al’Koxi des are only about 10% conpar ed
wth the Hf al kylam des currently preferred in the

Pritele aptestAta fivsit aspecllatbe ptesaite i prephiranion of
relates to ghe 30, yse of a sglu&ggn gflo e QL NMDEE€ b v
hafTORNHICRIxi dB9RSYa CRPEERFEEF®For SRaF hi G oxT de
andhaafhni Bifn Glkoixtidege 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
the aid of, preferably, MOCVD and/or ALCVD processes

for the mass production of integrated circuits.

The precursor costs of these dissolved Hf alkoxides are
only about 10% compared with the Hf alkylamides

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

layers.

According to the invention, it is also possible to use
a further element of group IVb, namely zirconium,
instead of hafnium. Zirconium has properties similar to
those of hafnium, although it is somewhat less advan-

tageous in some respects (higher leakage currents).



| ayers. According to. the invention, it is also
possible to- use 35 a further elenent of group I Vb,
namely zirconium instead of hafnium Zirconium has
prggg%éres simlar to those pf hafnium although it
what | ess advan- tageous in sone respects

(hipghe r%@@ﬁ@gg 9HBE§BBSkhe§%4%§e al3o E@Qa&%%sﬁﬁ the use

|nvent on t ere ore also relates to the, use
soPfit ifors Vfutord® o? £ nBre ?rrdf&ﬁﬁ%n?hr%%&’r%saégoﬁldes as a
pr 9@5&&@&0&0&0@ I dHD Ui d:ela@dandr zdricemioxy mxynideide

| 2ete, A laproodiente carrLed o ahove aadebel o Seiow

fYarnicamt ere ore al'so ap corres-
5 pomdithgl yegarai rreonhafninwe otk ¥REQ%e aaérséf epPRYY corres-

ieg‘gglggg}e‘gtl the,sekutigRn. according to the invention

y concentrated. In 10 particular, the use of
a 30-90% strength by wei ght solution of one or nore
hahgicerdahlgoxitdes aas par efffiemaics oremdaatineaftni umioxi deolution

LM O SRGRECR L 400 Sprbageraces. 1o

rFange I's 5 haf n
10 aI paxitdeuilarsol tne onlseFonexanrﬁ OB r z?ttlr@n@;fh by Welght

¥a2§gﬁgg§hgg¥kgﬁg o§oh$%9th@?n2u§fa%%ok§d§§|éﬁbéeprecursor

ve arisen for the follown aso

a cf@ﬁceﬁtagatlllﬁn bR 9‘13"’% gt PEXE* grré%& fplggu?%

t 0 spriecede . OV\AngoxteOfdﬂ'hﬁecEX&emSJIeveliy @B A4 sdusi weigho of

Beleﬁl a concgnt rat |0{j £030%; @ thE- oLhgh, f@nd trrherleo of
0

*SAr % denc ormrn ono enertres (cf i gs
151 b@rfdllZl)n aliéroxﬁﬁlﬁ :ppeediesits ofi rhenvgendist |Se1§t6‘f°19 “5%
are tolerable in practice, so that a concentration

above 50%is tq be particul rIy r ef
exdmnsE, I?a}régeslok% AFHAT t AT n%ormfgelnlé%még féja(sons at
beloowedheercridtiical 4bove 8P% 5%tﬁ1|eorﬁca1ltfdrmt¢fa€t|@hfé¥cult

to process owing to the excessively high viscosity.
20 Below a concentration of 30%, on the other hand, there
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.
25
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
30 about 30%.

In all cases, the deposition rate of the solutions
according to the invention increases with increasing
concentration.

35
According to a further embodiment, the solutions
defined above are used for the production of hafnium
oxide and hafnium oxynitride layers by CVD or ALD

processes. The deposition of the hafnium oxide or
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about > 50% Fig. 2 shows that this critical limt is
not reached even froma range of a concentration of
30 about 30% In all cases, the deposition rate of the

sokuyhhgns according to the_ipyention increases wth
I ncreasing concentration. 35 According to a further

enhaehiBAt 018 S0ldd | DASe r defnl Nesh abDYEr Ar erusathrisirstors
t he production of _hafnium oxide and hafnium .

ox§hi BFi @8 PRI&FE Loy 2%9B 67 AR5 Hroddsdss torRarticutarly
depasittbar @k rkhe dvafmy um okt sdehoghS34L3actile Hafdsixumthe
°X¥2E§5hﬂeo'§%%rJEﬁzQaQﬂﬁitﬁ%SuQédFaénﬁthgkﬁcanr$§er of
an optical Tayer o aser mrrors is particularly ,
sulleabreTRErEr sOAithg 6 HTES thivsh el e fiiddk oxie 1s
hatpbum exhde | ayer can be used as an optical |ayer of

5 laser mrrors (the refractive index of hafnium oxide

is about 2.1). According to the invention, hafnium
nen;ae)olrdenghafmium napeopodxn de halfafipinume tdopiceoxiveinium
and/_ar. ni,um 1 10xi de; bl as -
Af eGP aRT o3 AIBan  heoct ™ PRt oy et fa o dresf
haksbemieenorir@e Prefarprhhye BFC30- 309 B ReifhtaHrpides.
pankicedl aHasd)r efefiagn m&ehakive! ynhi glaforiont levhatbeisie in

in_the ALCV ogess .are achieved in_ particular

snél £ 9Farr S%EOrr_g'ﬁzj"oﬁyde"fel ckgc e‘%%eox?adre?l.é%%%lr i%‘ggft%rred'
t h&eilmaremeilgn, hisyhi t abbetzi regrmisummal kKoki 46§VDaperocess are
consequentl vi Al rgoni um et haxj demaailr ConbHAYs et st ekide,
etc. g%‘The éol vEgnt for theQ?é}repIanFati on gf tﬁe ne oe
so:et‘}ﬁoéﬁdea\ccor ding to the invention preferably has a

pol ar

According to the invention, suitable zirconium alkoxides
are consequently zirconium methoxide, zirconium

ethoxide, etc.

The solvent for the preparation of the solution
according to the invention preferably has a polar

group.

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),

2 ROH; R=Me, Et, etc.) and thus break coordinate bonds
between a plurality of hafnium alkoxide molecules
(oligomerization) are particularly preferred. The
complexing of the hafnium by solvent molecules also

explains the very good solubility.

For example, the preferred solution of Hf(OEt), in EtOH
with 80% by weight is Hf(OEt)4 - 2 EtOH.

Preferred classes of substances are: alcohols, amines,

ethers or esters.



group. 25 Sol vents having a polar group or free

el ectron pairs which, by coordination to the hafnium

(or zirconium, increase its coo-rdination nunber to

6 55493 H(OR4 ' 2 ROH, ReMg, Et, etc.) and thus

br eak coordi nate bonds between a plurality of hafnium

al kaxi,d8; %mﬁﬁ%:ﬂh&éﬁﬁQQWErLgahbgnbﬁEV%n particularly

particul arly preferred. The | ex he haf ni um
by2dBRryEABERBFecPes HSo a%xp?ﬁﬂgoihg v8PyV§85d s  the

sokubivkhty. Nﬁﬂakb@ﬂﬁﬂfb sbevenef preédrabllyt iammpafises one
Hf%CEtrr%jA'ﬁ In |§re:ra ht cvgltr‘h <§10 Pgn é@hbz'éa-@léo@@l)s, e.g.

asses 0 st ances
5 al e@hehgl,amn@@@nolet Hertsarml,este@@rorsshlelcoml etc. As

AcgetdiBgeto 4, d NVERET @l cohbihasa pr s&eete@rltgiha;uloaxradlyl or
advant ageous to use an | coholj c soI vent as th

soP¥eRchedn aafcBRY P SOFaER ébﬁyn%rsr%con%ar}%y or
or taRteaslyr ailgbhothai n or br anched C2- CB- al cohol s,
e.g. 5 ethanol, propanol, butanol, isopr opyl al cohol ,

etc. As discussed above, the al cohol _
10 st Aaicghtiiohai P ofhe briawehéd oand Fhy BéchPﬁEG fSOheat can

D“f%ft)‘ler&%%ndaenys&r béerUs@rdy alcohgbmpllafeenr diwidgh a
to the_invention, e, al cohol i %I vent can

f UFCRELYSRE -al s%ub%a ?d |c|‘?s&}ﬁﬁ?| StiohrSitRla customary
cosnlb\serahceSul tabte Dosgargritsilare hlibhchetidimgy solvents.

substanees,{QukoLe B Ghib Lat5i 9B Bo'hb692§@b@?n5§solvent
Urobf; BabhLFpLS

The "advant age b. %
15 co§@|tv-@mali-5( @ﬁtrv(%;alﬁ%}f sféJrf\}'gSe (ff lf‘{frltcﬁeroﬁl R i dAtoFion:
thenhsel Wdne H@tés@@yybelﬁEQESaa&ﬁvIﬂM(HrdﬁﬁEtolprevent

order to prevent nsation _of the precur roi
i njCEEAeET A AR ar a?ﬁ q% nPprinctpre, = c?%ssegnimggtlon
solapgrtra tisee above) are

20 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.

25 The solvent which is most advantageous in the present
invention comprises or consists of EtOH. In particular,
a solution containing hafnium ethoxide has given the

best results here.

30 According to a second aspect, the present invention
provides a process for the production of a hafnium or
zirconium oxide layer on an article to be coated, which
comprises the following steps:

a) provision of a solution as defined above and of an

35 article to be coated;

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; and
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suitable. Relatively long-chain alcohols are suitable
only if no exchange with the al cohol ates bonded to the
Hf occurs. 25 The solvent which is npst advantageous

niéFf present invention conpyises or consists of
?n particular, a solution containing hafnium

et foxi dg-Pas: 9L ¥LN dhetnbesfadBsubhs d1e €ard8@cle for the
According to a second aspect, the present invention

prSQFEéElﬁnp?Bc%s%a?%+u?h%rp?bﬂ%%? YR F AT Um or

zirconi um oxi de layer on an article to be coated,

whi.ch h
a gg?aflon rl &S {n€d£&#}€W%Q9 %tQHﬁs Q%lQEQXhS'Q%f@}ence

_ as &eflne ove an 5 artlc e
beisoamede br0|n¢h@du@mbénCQﬁlpne o) p@WEéﬁPﬂﬁPéSa in CVD

re@@&@Ge?Qd s&%&%h@zatupn @Heﬁf§t5§|UPéQQpé6tih@ on the
reactor, Or|Z tion of t e sol uti on

|nFPSH&€PFoﬁQﬁ of PFRTRC ?%ﬁc SFweﬁﬁd%gfﬁﬁfsors

}sbydpadep@marumm(ﬁttim.ya@memonvape aeposlieibor 2000&, 8,
ofmat i-on f h L r zirconi um oxi de | ayer.
Reggrdlhg hé%Fn Q%Eg%?bn of the solution, reference

5 is made to the publication: "Devel opnents in CVD

Delikeh¥iRySt €88 aA @Bs&u&heﬁtPe@@@@t w)e 08 tdefected by
Chen1ca| and, Physlcal Interacti ons gre ur sog
by 1P&HA0 B R B altnt oCh‘éﬁf3 p(%ll £ on"%(?&z g the
hbreﬁptbm|1hy(yuhs&dyllqmndmcundchgonooana@ﬂﬂﬁﬂhﬁﬁﬁporl'
steR g% is effected by liquid injection into the

€

heat ant echamber of the reactor, by pulsed liquid
injection or aerosol vapori- zation. 15

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 1is 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. Nz, NH3, N0 or mixtures thereof are

preferably used as nitrogen-containing gases.

The inventors have found that NH3; as a nitrogen-
containing gas or coprecursor gives the best results.

It is therefore most preferred.

A further improvement in the electrical properties of
the layers can be achieved by sequential ozone or
remote plasma treatment in the MOCVD and ALD mode by
so-called RPE-MOCVD and RPE-ALD processes. By burning
out the carbon by means of ozone or oxygen radicals and
by incorporation of nitrogen by means of nitrogen
radicals, the thermal and chemical properties of the

layer are improved.



Deposition processes which may be used are al
deposition processes which are known and can be used
in the prior art. The MOCVD, RPE-MOCVD, ALCVD or
RRFQQ# D process is preferaply used. 20 According to
a Turther enbodi nent, the hafnium oxide |ayer can be
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rs_can_be achieved by sequential ozone or. renote

ol HGREDY 1 S5ETBN R AN ATIVD 58 ALBSROGEdpy L oK des can
sobealiked RBE- MbeVDrapd rREEoAL Dfphadesses.siBy domr mixigie or
35 .t he by ozone en ragdical.s
anaggb§uwnc%?£g$§?id%yg 'nf?r%géﬁybfgﬁggﬁég%p'n?%#%%gﬁlon

10 r adiithl shet hélipennal kanddeh®hPeal properties of the
| ayer are inmproved. S3413 - 16 The haf ni um oxi de

| ayer produced by the process according . to the
i nyBneeH tieny hé%/léﬂe@r ép’bkﬂc%n%’ﬂ 9XY8fF’é???%at &R A for
ozerempi epxylefin i @t & hhsi ndm Furt dem nom - arnt el draf nihafinium-
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i e
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As already discussed above, for example, an MOS
20 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-

25 90% by weight of one or more hafnium alkoxides, the
hafnium alkoxide being selected from hafnium methoxide,
hafnium n-propoxide, hafnium isopropoxide and/or
hafnium ethoxide.

30 According to a preferred embodiment, the hafnium
alkoxide solution 1is a 30-90% strength by weight

solution of hafnium ethoxide in ethanol.

The present invention is now described with reference

35 to embodiments and figures.

The figures show the following:



In addition, m xed oxides or oxynitrides, such as, for
exanpl e, hafnium al um num hafniumtantal um hafnium
titanium hafniumlanthanum etc., or even ternary 15
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aspect,. Lhe present, | IMeMdon L ONEARS ;84 BAl BLUD shows a

I"on ich contains 3 0% by wei ght
Soflmneaurdﬁpeedhatﬁlgﬁ1§hﬂo§©d@§ntfﬁélﬁafn|un1aIkOX|de
bei ng sel ected from haf ni um et hoxi de, hafnlum

n- propoxi de, hafniumiso ro i de and/.o haf
ot Roside. 230 %c%%?htrlrﬂftg R?Eflé%“r U BT AL mode

haﬁﬁlmﬁ Euk@xtdacsokumnmm|HSM139 g@Wﬁgmn@mythmpgenelty
Iy of, .h t | tholcool M1y at

8 8ﬁt tl?ﬁ%ventflggr? iS %W g]ée?r :181)((}:%\% tp!r}[fefer encoeo 35 y e
10tohegbodpnﬁﬁﬁgtaﬁﬁlppguﬁés Hfheethe¥iee shdw ¢henol. The
foh%g@%@910§34%%t%7 éﬂdﬂge ﬂesgepdépéhaénﬁé hatni whe HE

oxide in the CVI _ Aﬁooﬁgeactor fromASM A
suPfnerere ﬁ8ﬁ8§8ﬁ§FF§°no%8re 8™Rafers is achieved

only at high concentration of Hf ethoxide in ethanol.
Th%m%%%&%b iL.gn rate shows a 5 linear dependence on
on. Figure 2: deposition of hafnium

15OX|de in the ALD node in an A400 reactor from ASM A

sufif i1ci eicviDo By RPE-MPCVDYE haEniafcbzide achbeyedtride

the ALD node too only at 10 high concentration of Hf

et hoxide in ethanol. The deposition rate shows | ess

deflendan e fovi umh @xkde

Precursor: Hf (OCyHs)4 dissolved in CyHsOH

20
Process temperature: 250 - 450°C
Pressure: 5 - 200 Pa
25 Deposition rate: - 0.1 - 5 nm/min
Deposition of HfO, in the CVD mode in an R400 reactor
from ASM with 125 wafers in the boat. Wafer diameter
200 mm.
30
Process temperature: 390°C
Pressure: 35 Pa
Deposition rate: cf. figure 1
Precursor: Hf ethoxide dissolved in ethanol
35 Gas flow: 1 slm nitrogen as carrier gas
Precursor flow: 0.75 g/min

Figure 1 shows in this context the deposition of

hafnium oxide in the CVD mode in an A400 reactor from
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et hoxi de concentration in ethanol. Enbodinents: 15

1.1. MOCVD or RPE-MOCVD of haffnium oxide or

oxynitride 1.1.1 Hafnium oxide Precursor: Hf(OC2H5)4
di%§%ﬂed in C2H50H 20 Process tenperature: 250 -

45 Pressure: 5 - 200 Pa 25 Deposition rate: G 1 -

5 ﬂg?ninAEeBQ§§%E$@pQL H%gggb?eEEQ_cﬁDﬁ&Dthbn &ﬁ;éé@o is
react or rom Wi § waf ers in the boat. . .
i BRBLET U000 & B0P PFBLoL Bar APt & BhoethoRide in

Pressanel.35hea ddpedgiitdronrated esheds i gdnear dependence
Prggu&gngokgengg§kgg_dissolved i n et hanol 35 Gas
flow S

mnitrogen as carrier gas Precursor flow
0.75 g/mn Figure 1 shows in this context the
deposi. bi gafakumhakphigrodede in the CVD node in an

A4Q0 reactor fr 13 - 18. ASM ffi ci ent
hoﬁﬁ@SHéFP§:oggggbagﬁWa?éF§O%¥e§a%ﬂf%§§ﬁﬁ%nIy at high
cogepmntratison:obmbnéthoxi de in ethanol. The
deposition rate shows a |inear dependence on the
concentration. 5 1.1.2 Hafnium oxynitride Precursor:

Hf Procers) tamgessshved iy )coHE6q CCoprecursor: amoni a
10 Process tenperature: 250 - 450'C

Pressure: 5 - 200 Pa
Deposition rate: 0.1 - 5 nm/min

1.2. Sequential aftertreatment by oxidation or nitriding

of the layer

Oxidation by 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
Pressure: 5 - 200 Pa
Microwave power: 2 - 6 kW

By seqguential oxidation with ozone or oxygen radicals
at intervals of 3 nm at a temperature of 390°C, it was
possible to reduce the leakage current at a field
strength of 2 MV/cm from 5 10E-7 to 1 10E-8/cm®.

Nitriding by nitrogen radicals from remote plasma:
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Pressure: 5 - 20D Pa Deposition rate: 0.1 - 5 nmimn
15 1. 2. Sequential aftertreatnent by oxidation or
nitriding of the |ayer Oxidation by ozone or oxygen
r agi s fromrenote 20 pla Process tenperature:
22%5§%50*C Ozone concentr at islorgra]: 10% by vol une in
oxygen 25 Oxygen radicals fromrenote plasna: Gases:
ox%gen, nitrous oxide 30 Pressure: 5 - 200 Pa

M E#d%@ve power: 2 - 6 RWBJISBquBHTPR:-2oxi dati an
with. ozone or oxygen radicals 35 at intervals of 3
nm.at_a tenperature of 3900¢, ,i,t was possible to
rggéb%ﬁo%’%‘é%%%%%é currgnt gt kg field strength of 2
MW/cmfrom5 10E-7 to 1 10E-8/cn2. Nitriding by

ni g{,ogelghadt¢ahs B&Q@&H@Hﬁ:ewﬁkﬁsnﬁitﬁ%@%% - rhicals at

Gases: ni‘trogen, _ammoni a crowave power - kKW

Byl8EgaEAL Falothi £r 1B AF wht ﬁ%ﬁ%’?&é’ﬁr%’ aachﬁ%O at’ 12 was

i npes¥abieoft3 nmedica tenpedablegeof cB2@eRE jatwas field

possi bl 0. kegdu e kageqggusregtsaggp-Girghd 2

st ?éﬁ%{‘ﬁt%fOE Mg(ng%lrg%ngg ?ogg ?ogg 0B em 10 2.

Al D or RPE-ALD of hafnium oxide or oxynitxide 2.1

gﬁniourmﬂﬁi 8¢ RPESALDI 8€URSEhiukl 6£LAEE)4 dkgantyidei n
H50H

2.1 Hafnium oxide

First precursor: Hf (OC,Hs) 4 dissolved in C;HsOH
Process temperature: 200 - 400°C

Pressure: 5 - 200 Pa

Deposition rate: 0.05 - 0.5 nm/min

Second precursor: H,O, ozone, oxygen radicals

2.2 Hafnium oxynitride

First precursor: Hf (OC,H5) 4 dissolved in CyHsOH
Coprecursor: ammonia

Process temperature: 200 - 400°¢

Pressure: 5 - 200 Pa

Deposition rate: 0.05 - 0.5 nm/min

Second precursor: H,0, ozone, ammonia,'oxygen

radicals, nitrogen radicals, mixtures of nitrogen,

ammonia and oxygen in the excited state

Microwave power: 2 - 6 kW



15 Process tenperature: 200 - 400*C Pressure: 5 - 200
Pa 20 Deposition rate: 0.05 - 0.5 nm/mn Second
precursor: H20, ozone, oxygen radicals 2.2 Hafnium

oxggéiélde 25 First precursor;y H (OC2H5) 4 dissol ved
OH Coprecursor: annonla Process tenperature:

Zoggﬁoéggggh 3¢ Rﬁ%%sqye tre - 22B0mBae Beposht nDOr &leBictor

nm / m
BRI SRyt 355 At S Lhi EPBgdit h BAFEE diametes

m zporesm.of nitrogen, ammonia and oxygen in the

excited state M crowave power: 2 - 6 kWS3413 - 20

Deposition of HHO 2 in the ALD node in an A400 reactor
5fr 8mpASKsWEehpe2stwaters PAOfRe boat. Wafer di ameter
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et hanol . The deposi tion rate shpws l.i ght.
depefd&hicé S Ie tlrife SHE c‘g r]:r At oonfS dfiun oxide
et hanolthe ALD mode in an A4OO reactor from ASM. A
sufficient homogeneity over the wafers is achieved in
15 the ALD mode too only at high concentration of HE
ethoxide in ethanol. The deposition rate shows only a
slight dependence on the Hf ethoxide concentration in

ethanol.

20 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 second precursor at a deposition
temperature of 240°C.

25
The deposition of the layers was effected both on
single wafer lines and on batch lines having a loading

up to 160 product wafers.

30 The hafnium oxide or oxynitride layer deposited by
MOCVD or RPE-MOCVD and ALCVD or RPE-ALCVD are distin-
guished by very good edge covering on difficult
topographies with aspect ratios of 50 (depth/height of
a structure) in combination with very good electrical

35 properties, low contamination level of <carbon or
chlorine and low precursor costs compared with all

other hafnium precursors.



20 On deposition in the RPE-ALD node it is possible to
reduce the | eakage current at a field strength of 2

M/ cmfrom8 10E-8 to 3 10E-9/cnR by using nitrogen
rad'éfgs as the second pr ec_ur%pr_ at a deposition

eﬁ% ture of 240*C. 25 The ‘deposition of the |layers

was effected both on single wafer |ines and on batch

| i-res—havtng—atoadinmg—upto 160 product wafers. 30
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ot her hafnium precursors. S3413 - 21 Use of dissolved
hatpLumsal koxi des or zirconium al koxi des as

precursors for hafnium oxide and hafnium oxynitride

| ayers or zirconiumoxide and 5 zirconium oxynitride
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550l g:tf’ iy rrpf Qﬁﬁxlcyrl@érel%'fe(i%m ¢ abkogibdess bethgngth by
pre

usé rsor for zirconi um oxi de and
welght solutlon of one or more zirconium alkoxides

being used as a precursor for zirconium oxide and

zirconium oxynitride layers.

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 and hafnium oxynitride layers

being produced by CVD or ALD processes.

4. 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

30 optical layer on laser mirrors.

5. 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

35 hafnium ethoxide.



zirconiumoxynitride layers. 20 2. The use as clainmed
inclaiml, a 50-80%strength by weight solution
bei ng used. 3. The use as clainmed in one or nore of

hgﬁgispeding claims, the h i um oxi de and haf ni um
ide |ayers 25 being produced by CVD or ALD
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trapsihstors or as an 30 optical layer on |aser
mrrors. 5. The use as clained in one or nore of the
preceding clains, the hafnium al koxi des used bein
5 hafini unftivet heseoxa slecl Aafai umin-qrOPRki BerehafhiGhaims 1-5,
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he use as clainmed in one or nore of the preceding
cl &theXi€Re sol ution conprising 30-90% of haf ni um
neth oxide. 5 7. The use as clained in one or nore of

t he solutlon ol |si - 909
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sol'vent having a polar group. 9. The use as clained in
claim8, the solvent being an alcoholic solvent. 15

10 9 Thew&e 1.8§e chai ndd imedc|iai ntDainhe, s¢heergolvent being

Qr strai ght-chain or branched
% & S?ﬁ?%ﬁ% The use as clained in one or

15nnre pf.the precedlng clainms 9-10, the sol vent
congy i sifp@ EtQd andior cthémed in claim 9, the solvent

comprising one or more straight-chain or branched C;-Cg-

alcohols.

20 11. The use as claimed in one or more of the preceding
claims 9-10, the solvent comprising EtOH and/or the

solution comprising hafnium ethoxide.

12. The use as claimed in one or more of the preceding
25 claims, hafnium being replaced by zirconium in said

compounds.

13. A process for the production of a hafnium oxide
layer or zirconium oxide layer on an article to be
30 coated, which comprises the following steps:
a) provision of a solution as defined in one or more
of claims 1-12 and of an article to be coated;
b) introduction of the solution into a reactor and
vaporization of the solution in the reactor, or
35 «¢) vaporization of the solution and introduction of
the vapor into a reactor;
d) deposition of the vapor on the article for the
formation of a hafnium oxide layer or zirconium oxide

layer.



solution conprising hafnium ethoxide. 12. The use as
clainmed in one or nore of the preceding 25 clains,
haf ni um bei ng repl aced by zirconiumin said
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hat ni um oxi de |ayer or zirconiumoxide [ayer on an
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claimed in claim 16, the_gas used bei , , N20
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18. The process as claimed in one or more of the
preceding claims, in which NH3; is used as the nitrogen-

containing gas or coprecursor.

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

20. The process as claimed in one or more of
claims 14-19, the article being an MOS transistor, a

capacitor or a laser mirror.

21. A hafnium alkoxide solution which contains 30-90%
by weight of one or more hafnium alkoxides, the hafnium
alkoxides being selected from hafnium methoxide,
hafnium n-propoxide, hafnium isopropoxide and/or

hafnium ethoxide, or a zirconium alkoxide solution

which contains 30-90% Dby weight of one or more
zirconium alkoxides, the =zirconium alkoxides being
selected from zirconium methoxide, zirconium

n-propoxide, zirconium isopropoxide and/or zirconium

ethoxide.
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solution as claimed in claim?21, which is a 30-90%
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