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*159159* WD 2005/ 076338 - 1 - PCT/ EP2005/ omﬁﬂmmmm lm”"“m
of dissol ved hafni um al koxi des or zirconium a

as starting materials for hafnium oxide [ayers ansbhiso-
haWoi aooexyneseede | ayers or- zji rconi um OxbfleedPY®E Fo01034
and zirconiumoxynitride layers 5 The present

invention relates to the use of a solution of one or

nor e haf At um or Zi rcont um al Koxi des—as —precursotrs—for

haf ni um oxi deecard téﬂafs@dlme@(mftrﬁllgf{s alg&%{%j%lsoroerrs

zi rcani um.oxi de,an i rconi umoxynitride a . _
The %or &SR éﬁﬁ’t’ﬁléizn’?sr EFatES T Hga e il & Fon hefnium
usexdidea 13@etrs 90%b $tarferigit dynieirglde S_.@:yklétﬁsp(rja)rofz ifr@:rd)%ium
or nore L u xj des_or zirconi um al koxi des or

pr oduci %?%@a%m uﬁ%%%iad‘g a%ﬁr%%?lnﬁmdn?’é&§h?ﬂ‘ii%efa¥%§/%rs
or—i . . . . A

by CVD or ALD nethods. In addition, the invention
retRteprb@edrPHARRSS Loy f{?%#géxggtﬁﬁg.Bgeao?a%méé ution
oxXi (fje and hafni um oxynitride layer or zirconi-um-oxide

and® zi PR®ni A IRYHF t ridfen iy erer orprreniuel e@lkotigles  as
coptefuradtisa @ NinyraldsX bste geol HhHOM Of p Zhdh CUY MVt ride
201al koxi de_sol ution. which contains 30 to 90% by o
wel GhT - of “one® bt “PdtE™ hatit thin f'KOxi L IH Y r onimdrRride
alk@Xédes.ThHa@Mea@nmdihwéﬁﬁﬁdﬁﬁfélﬁmégymhtbb@%iculaf to
I S e Jteh b T Qi C or future generatigns .o
sg%ﬁ%oﬁ %ctogfreaZéd():otsﬁ%o%Iéﬁt ssetarfsenagtd? e?%c?’g?‘gggotgﬁqfl&lon of
MCENE r £4si BeB¢ s Nafnijugyi alkovides and £orcoapani tadkoxides
| NESBMOS Yo dRHES , hd fhi BRT td.cilar 4.he %%ﬁ%ﬁ(m%r Y% ige
stability of the layers in conbination wth a hrdh™ "~
di eF¥TET | CTorst IR stPRR sy (2 qRtiam aloxynitride
cohppers by tdvmtherametmdthalds OXifleéfddition, 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
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
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
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 modules, the
metal planes being wused as electrodes. In this
application, the high chemical stability of hafnium

MMM
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A further inportant application of hafnium oxide or
oxynitride as a dielectric is that for integrated
capacitors, so-called MM (netal -i nsulator-netal) 35
capacitors in the wiring plane af |ogic nodules, the
netal pl anes being used as electrodes. In this

application, the high chem cal stability of hafnium

*@00002* 2 oxide to the nonnoble el ectrode materi al,
SUBKIAE EPt abREim BPRRPRES arRl e @FFelieim TRESFHRL, | reuch  as

adﬂhtaﬁﬂuhonl&EQd@Eﬁh&IQEQQEHUQ Ganstia, coApadedtion to
i i con |de or al um num oxi de is

Wt
nubhr: ageohe. ALt HepBied SOTTEEhe SOMRASAf gith silicon

depostridagohadbumimaoni deider iexydirahtdgebayers are

based on the use of hafnium chloride, liquid

| ong-chai n undi | uted hafni um al koxi des and

haPnbopesadi aodbkybnpr soudases for0 degfos ivmneh lherfirdeint eoxide

a é?'H&QHTHﬂﬁaéirﬁydréoﬁkéam%se r 885 Wik &QéOBE” afnium

al so_bei'ng 1 ncorporated in the electrical during t
depBLPridn. ot 1gHEd| ApBEs chadnt WadidugEdr ihadfinium h1koxides

preper hhesitiuambabagkpdversehysatected. 15
Mor eover, the edge covering is insufficient. Al though

liquid Iong chai n haf ni um al koxi des have a
sufidfoient Iohlimgldeyaper gpr esiiide Haorird/DaanterAt Dlow vapor

2§%P%gggr%he EHT é?StQE llt%qugbd eé%ﬂ%x%%% el IS the

u f|C|en i eving gecovering oh
diﬁié@gr@C@bpdgrapﬁlé@eIdﬁpﬂsmﬁﬂnnmﬁﬁkyhepﬂey§r§om@d the

ha¥§e9999c910%%3§é¥%f@§r]tHﬁ?pggﬁnbo LABCOrROT @t ek rected.
carbon in the al so 25 very good edge

coV%F?ﬂ&erbth?hédﬂﬁt%?V§F1665%§ apgufficient’

Although 1liquid long-chain hafnium alkoxides have a
sufficiently high vapor pressure 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.



high that their use for capacitors in nenory nodul es
and M M capacitors appears questionable. Alist of the
nost well known precursors and the manner 30 in which
they are used according to theg prior art in the
production of Hf 02 |layers are listed bel ow. The
general problemwth the use of the precursors is

that transition nmetals of_ groups IVB and VB have a 35
st tong BEndeddgdees HEXeh Xix-Fbt X coordination with
ligands. Diners and ol igonmers which have | ow

volatili.t na dlff ult gr_even inpossible
to EQFF Oﬁutﬁ?ghe d%gi ffﬂ?tﬁogngherefore form 3
- 1. HF hal i des: Hf X4; X , Reaction: Hf X4 + 2
a g C
SALg% E%géﬁDa%F2§b§ ﬁ& PQL e%gcgb Q?a &?ﬁ ékggursors
t oProwlemsataxiisty whth - ragardrerm ol wbbyeility and - as
un%@ﬁt&%ﬂeﬁ”%%%Q%ratMﬁaéglﬂga'fkﬁbfﬂbrééyﬁﬁﬁof”%ékﬁdes in

layer. 10 2. HF nitrate: Hf 4 "The mai n probl em
wi EReHHEnPRideed aYE Tt hei r epr03|ve- ness. 15 3. HF
al kylamdes: H (NR R') 4; R and R'=CH3, C2H5 Hf

al Kyl am des .,are rea ip areaction with H2Q, 03, 0
loragi-ca{@‘? Nﬁ%r&teNO%tfﬁgaF 41's. They are highly
reactive ALCVD precursors. The mai n probl ems of their

;ﬁghﬁgﬁr&agl% HEIZ NEEN %9%' | PLEBST %% ThAOER S 0sive-

rr extrenel price.
compkEéxes: Hf (npp) 4, Hf(acac)4 25 Marked features are
a high C content and IOM/gromﬁh rates. Exanples are
Hf aIKOX|des

apé ,C2H5 ,m%iso-) C3H7,
15 (t @rt - ) BEspdkyAapddes; oﬁf (QTRePf det e’ vARR RTpEH: 0Ff2Hy
radi cal s and 02. The Hf conpl exes can be used
Hf alkylamides are reacted in a reaction with H,0, O3, O
radicals, NH; 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)s, Hf (acac),

25 Marked features are a high C content and low growth
rates. Examples are Hf alkoxides: Hf (OR), R=CHs;, C3Hs,
(iso-) C3H;, (tert-) C4Hy. 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.

30 Problems arise through their properties as solids
having low volatility (except for Hf(tert-CyHo)g,;
however, there is the problem of poor film quality
here; Hf (tert-C4Hy)s 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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as MOCVD precursors and partially as ALCVD precursors.
30 Problens arise through their properties as solids
having low volatility (except for Hf (tert-C4H9) 4,
however, there is the problemgf_ poor filmaquality
here; Hf (tert-CAHO) 4 can therefore be used only as
an MOCVD precursor). 35 The follow ng specific

ex I may, be nentioned as known hafni um
prggﬂragg‘f’f"d-es - HF al koxi des: Haf ni um net hoxi de

Hf galge)idm HMa€hotdidel Hf-OME3 O / f H3C O CH3

Mol ecul ar Wei ght =302. 63 Mol ecul ar Fornul a =C4H12Hf O4
Mol ecul ar Conposition =C 15.88% H 4. 00% Hf 58.98% 0
21.15% 5 Properti es:HMhi\tse solid at roomtenperature;
mel ti ng point 50C, remarksy hi ghe Hf content of all
al koxi des. 10 Haf ni um et hoxi de:/ {OEt)4 CH3 HC O

H2 CCH 1 O0OH O H3C
O——Tf—-o

HC s

~

CH,

Motecular Weight =302.63
Molecular Formula =C4H12Hf0O4
Molecular Composition=C 1588% 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),

GH,
|
HC
2 \ H2
‘f C——CH,
L/
/O—Hf—O
H,C——C l
H
i \CH2
CH

Molecular Weight =358.74
Molecular Formutla =C8H20HfO4
Molecular Composition =C 26.79% H 562% Hf 49.76% O 17.84%

CAS Reg. No. 13428-80-3

Properties: white solid at room temperature



O Hz CH2 CH3 Mol ecular Wight =358.74 Ml ecul ar
For mul a =C8H20Hf O4 Mbl ecul ar Conposition =C 26. 79% H
5.62% Hf 49.76% 0 17.84% CAS Reg. No. 13428-80-3
Properties: white solid at roodntenperature - 5 -
Haf ni um n- propoxi de: H (n-Pr)4 H3C\ CH2 i ~+ /H3
H2ZQAO0O 2 C-C HZ OH OzZ CC/ HZO HCCH 31
HZC~ CH3 Mol ecul ar. Wi ght =414. 84 Mol ecul ar Fornul a
=CHAPSHrOR W3R 4te : iRt)an =C 34. 74% H 6. 80% Hf
43.03% 0 15.43% CAS Reg. No. 25491-66-1 5 Properties:
white solid at rogemtenperature; delta H sub 0 = 83.7
+- 8.4 kJ/ nol (La“p|o\e~r\tCH MF. et al.; J.

2

1 CH
H,C 3
2 \ Hz
0
e
S
O——Hf—0
/
no /]
SN 0
2
/ \CHz
H,C
H,C
\CH3

Molecular Weight =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: liquid 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



Chem Soc. Chem Commun., 830 (1975)) Problem | ow
thermal stability 10 Hafniumtert-butoxide: HF(t-Bu)4
CAS Reg. No. 2172-02-3 Properties: liquid at room
tenperature; vapor pressure _ b 2 nmHg at 75C,
remarks: thermally unstable (cf. deconposition route);
hi gh volatility owng to steric hindrance by bul ky
tert-butoxide groups 6 - CH3 HGCCCH3 CH3 0 CH3 HC
COH-OCCHCH3 0 G H3C-C CH3 CH3 Mol ecul ar
Wei ght =470. 95 Mol ecullar Fornul a =C16H36Hf 04 Mol ecul ar
Conposi tion =C 408TW%H 7P0% Hf 37.90% 0 13.59%
thermal deconposition lHS Hf 02 + HZO + 4 H2CG / CH3
Haf ni um 1- met h§&y- 2- mét hyl - 2-Pkopanol ate: Hf (mp) 4/
H3 0 HZzCHB HBCCOaH, / -+,0 3

H,C c C CH

O——HI—0
CH, 0 CH,

H,C——C———CH,

CH,

Motecular Weight =470.95
Molecular Formula =C 16H36HIO4
Moiecular Composition =C 40.81% H 7.70% Hf 37.90% O 13.59%

thermal decomposition

S Rw—

HO, == HO = 4 HCT—C

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

CH,
H, CH, O\\
o N o
C\ H,C /
/ 0 \.C
S R
/O---——Hf————0
H,C
\c\ c!) /c:H3
/ CH, \C O
HL / \C/ \CH
\ H.C H, ?
o) )
/
H,C

Molecutar Weight =591.06
Molecular Formula =C20H44HfO8
Molecular Composition =C  40.64% H 7.50% Hf 30.20% O 21.66%

CAS Reg. No. 309915-48-8



0OC HCI / \CH3 OH OH3C/ 1 CH3/ 0HC\CH3/ O
C/ CCH3 OH3C H2 H3C Ml ecular Wi ght =591. 06
Mol ecul ar Fornul a =C20H44Hf 08 5 Mol ecul ar Conposi tion
=C 40.64% H 7.50% H 30.20%0 21. 66% CAS Reg. No.
309915-48-8 7 Properties: liquid at roomtenperature
(nmelting point 15C); vapor pressure 0.1 mmHg at 100C,
7.6 mMtHg at 135C Rerrarks low growth rate owing to _
bu|Plg><pp|e|r§éﬁ§S .'5q1.|]_if a|apgy|rcgﬁr@e emperature (melting point
Tetlrsalo S,(dmp@hylpa@s:@@)ﬂéafmynﬁmﬁ@mrd H (dMe2) 4 . 6lthmig at
\é HBC NCH NH NHC/N CH3 H3C CH3
3’ ul-ar Wei ght =354. 80 Mol ecul ar Fornul a =C8H24Hf N4

I\/bIRemaJrans :Campogirowtih r@t27 8¥ogHte. B2%i 15¢a38%. N

515.79% CAS Reg. No. 19782-68-4, 19962-11-9

10

Hf alkylamides

Tetrakis (dimethylamino)hafnium: TDMAH Hf (NMe;),
,C CH
~. "

N/

z——;——z

c
/ Nen

Molecular Weight =354.80
Molecular Formuia =C8H24HfN4
Molecular Composition =C  27.08% H 6.82% Hf 50.31% N 1579%

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,C CH
H N e
HC——-C2\ T /CH3
N——Hf——N
HC/ % \c CH,
s N
H
HzT/ Sew,
CH,

Molecular Weight =410.91
Molecular Formula =C12H32HN4
Molecular Composition =C 35.08% H 7.85% Hf 43.44% N 13.63%
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Properties: solid at roomtenperature; nelting point
26-29C, vapor pressure 0.1 mmHg at 48C, thermal 15
deconposition > 90C Tetraki s(et hyl net hyl am no) haf ni um
TEMAH Hf (NEtMe)4 CH3 HCHZ H H3C CZ CH3 N Hf N H3C
NHCH3 H2C CH3 2 CH3 Ml ecul ar Wi ght =410.91

Mol ecul ar Forrmul a =C12H32Hf Nd Mol ecul ar Conposition =C
35.08% H 7.85% Hf 43.44% N 13.63% - 8 - CAS Reg. No.
355585R89- 4NprogérPirésOl-fqui d at room tenperature;
vapebppi-esekr:e 1 Gl dmdig Qboﬁggsgxerature; V%FOﬁ}Efessure

Tet raki s(di et hyl ami no) haf nium T H  Hf (NEt 2)
cré-?&‘ @~a5:C)I§|§ﬁ12H,CCCCI—B NH NHICC-CHHZ ~
N~HZ 3 HC CH2 f CH3 CH3 Mbl ecul ar Wi ght =467.01

Mol ecul ar Fornul a =C16H40Hf Nd Mol ecul ar Conposition =C

41. 15% H 8. 63% Hf 38.22% N 12. 00%
Tetrakis (diethylamino)hafnium TDEAH: Hf (NEt,),

(I:H3 CH,
—
H,C CH
M, 2 \ / H
H,c—cf\ T /c2 CH,
/N—-—-—~Hf——N\
Ho— ,L c——cH,
2
HZC/ \QHZ :
|
CH, CH,

Molecular Weight =467.01
Molecular Formula =C16H40HfN4
Molecular Composition =C  41.15% H 8.63% Hf 38.22% N 12.00%

CAS Reg. No. 19824-55-6, 19962-12-0
Properties: vapor pressure 0.01 mmHg at 130°C; 0.1 mmHg
at 96°C

Remarks: low vapor pressure

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

Remarks: Poor film morphology, narrow ALD temperature
range at 300°C.

Process for the production of HfO, layers

In principle, various processes for the deposition of
hafnium oxide or hafnium oxynitride layers are known in

the prior art. These can be divided into ALCVD and CVD

processes.
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CAS Reg. No. 19824-55-6, 19962-12-0 10 Properties:
vapor pressure 0.01 nmtg at 130C, 0.1 mmHg at 96C
Remar ks: | ow vapor pressure 15 Haf ni um hydroxyl am ne:
Hf (ONR2)4 R = Me, Et Remarks: gPaor fil m norphol ogy,
narrow ALD tenperature range at 300C. 20 Process for
the production of H 02 [ayers In principle, various

processes for the deposition of hafnium oxide or

haf ni um oxynitride |layers are known in 25 the prior

arthe Toeseptadede itvdhashl REHM QBRANEiG¥P = cvD) is the
processes., 9 The CVD process (chem cal vapor, |
HeTBSTTTEh CORYES STRRIRG ScRERFEAPTCERTerForhssing Of one
r eact moregas leondiest ¢orgoodind®eined rOreoVd abubetance and
co [ i.d t d 5 valatile

by PR SAiE TS BB OgRakar T AEPReT o8, 6% M Paaveron the
gaseast par s@ds overradeed ubetr at lee t sulbet caae eto be coated.
Usual |y, processes for chem cal gas-phase deposition

are categorized according to the operating gas o
prégdat &Y 1PRIEHQer FCR nghaBi Faat | T TRIIGRRI &eposition

depesi t4©0fgot EXMEraids i al deatooptdt itrRMRAIAY B sure,
A qistl ction. i.s made here between tggsphe I C .

pre8Sur ESCIBEAREID :ac%iﬂﬁgbﬂ%rigeﬁgg ur 3EVDAePRst1on
pressperea GviEe (ARCVDeactbowwpi éssempeCsblurand Aplddsta nction

CVPS (HQXQ ﬁ%rgE%Qw:eenl%%m%@ﬁaﬂfeg%) ((‘Vn%\th SBPCVD =

organonetallic conpounds are “used,
or YENPIPIVDL or PaegaNEeet @VP) ¢ AvD) puesaurei SVlef €LPEWD =

L0y ol Nid 36RO~ €RiD) €da REE-SLLML OTcyRPE-(MEGYD 68N st -
20 be used (renote &%asna enhanced CVD process) These

protadiaserhaneRd rYBed bel ow

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):

The 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 1layer deposition (RPE-MOCVD, or preferably
sequentially in RPE-ALCVD). The precursor feed is
interrupted at certain time intervals and the layer

already deposited 1is treated with radicals. As a
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RPE- MOCVD (renote plasma enhanced netal organic CVD):

RPE- ALCVD (renote plasma enhanced atom c | ayer CVD)

25 The thermal deconposition of the organonetallic
conpound is pronoted by the_ipproducti on of excited

and ionized gases into the reactor. The excitation of

the gases is effected in an external plasma chanber
(remote plasm)_and the gases are then introduced

i NEGSUHE 30t RRack VL OWIRY gd&esoNeMsgtsr ebntthys layer are
neuhmabv&ae0|es (so call ed radlcals) or still partly

as ions. di ca assed in

o it aREDIEE oL (P HER RG] e s RS DL OTESR SR My DHICOT -
or pref@bahkyonBstequambl@khﬁelﬂaREEsALCVD) The

5Precur > encfed 15 | QEGLAYE! SLAbR [ P bLBs o or e

|ntervals an al rea epos
with radicaglest As a 10 result, the foll ow ng

I mpr aveneRbs %&a%ﬂ%nlQﬁ?ﬁiaﬁﬁtoa%&h%%eQa.ef?h §¥§%Fgfldes

of exact st0|ch|onetr|es &g I ncor - poratlon 0
into oxitd&oNseNsFagicalgnoval of organic residues -

reduct i ampebvele £ e60nteat 'px*dﬁéﬂﬂ(&satl 98aREgN | BtPrent,
OXIde I oxyni t hrou radi cal s) -

|nprove%¥§I§E Fi*Cal EFBEEPtlggpegééﬁgﬁggcurrent, 10

dielectric strength capaci tance) For a further

ex@" %t i S_I.latrla%oq{ OC§S§§§ m Cgln Cacg]cesses?ew ich
N t e con ex of e pr esent ?I on, rpe¥ erence
mayabe bmdesed sievetlad psapsexti ok heheegtnsissalt 15nvention,

||&%E€EHB@€ EQ& Béaﬂghg @%kgggéﬁgir ngrge§ﬂnehggtgchn1cal
Sohad

edi.ted sc. techn.

Te&ﬁﬁ?¥a¥é¥8H 58 | EXaNAR chMili%qleJaﬁaomk “Pechnologie,
Naedgltedt bgnirgfandr Iy .orgedton Kedurd gy, veiel &8l Technik
maa%EH(qu Qan VVlﬁﬂhlch 1991, and Nancelectronics 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
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VCH, Weinheim 2003. 20 General problenms with the use

of these technol ogies occur in the provision of
sufficient anounts of precursors, in particular for

batch reactors; otherw se, _a;diffusion-controlled CVD
with poor uniformty or 25 extrenely |long cycle tines
(e.g. in the case of ALCVD) is effected. It is

therefore the object of the present invention to
ovBEEBRESt HEh tlbbicams Recusedhgfen tthevenge wide heangg of

hafiapuBy exbee REeeHISOns 1 EherRkienhcakt . nigh ﬁ:lon
formati on of residues and the hi gh cost factor and the

fr 8gH&Rt 1y occurring poor edge covering on difficult

topography. It is also the object of the present

|n¥gntion rsorg for e haf un1OX|d
t

35 oFsﬁafﬂ#aﬁggxyn?F?nggﬁéﬁgg i B mﬁ Sh TENY RS usey the
i niadepahfieckerflaamsuntPrafe ralesio endmacEmarats aire adescribed

bagﬁhthgeagégﬁaenktCT@§mgurthernDre the object of the
pr esent ention to provide precursors for the

abovenentioned - 11 purpose which can be used for a

VeTMeWﬂQEoﬁéﬁGﬁtQBneerﬁ§bElQHsneéP@dssgﬂ$éﬁ by using a
suff20|entl h deposition _rates. _5 These objects

ar 804Bhi8PeBE b)P PSS UBPERt NBENEHB alkgEpdRdear zirconium

cI alrexifeef arsr ed Erdwch $Nt SoAr Radasani beddel _idd&hafnium
Eende tlge hns The abovenentloned rob s, are

yrusi ng¥ar "16 s 1 a0 UG 8 1% AR H n O%Y -
alngxrdés éayzrscoﬁtu@wsabmmpr@@sn@@yahmmﬂnumsnmifuhat by

haf,ni / oxi f ni YRt r -
b uméoi%dﬁe o rRey e TEE LRl stqrting
ha®a§G¥peisi figiey mfé«élhleprb%n@q:ﬁarlnay inysihey Brserugirén and

i ngbeadigg the Wbt uked attiafitthNdarising through complex

formation (see above) can be overcome.

The present invention relates to the preparation of
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
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,



15 material, the problens occurring in the prior art

and relating to poor volatility arising through

conplex formation (see above) can be overcone. The
present invention relates ta the_preparation of 20

econom cal, highly concentrated sol utions of short-

chai n Hf al koxi des or zirconium al koxi des, which are

usual ly present as a solid, and the use of these
solinstees &f é@bﬁtbtﬂat%aﬂﬂpt%rm%r%at PTrePRrpteYueindbhar to

of thfdal W OhaZhiGRNI lamt%u@eh Oft 0¥¥n|stoﬁde%a|tayg§s advan-
with 25 the aid of, preferabl % e nd/or ALCVD

CESQES oS Ve TRERE T CRFEFNES)

circuits. The precursor costs of these di ssol ved Hf
xi des onl about 10% ared wt
5alky aﬁﬁﬁﬁ?ﬁi3 nvéﬁ ther fbfg) feot¥1{%E? t%rtbe use

curren Yy pre?erre

| ncf farsolaspent oft lmmeprass emorénzemcioon umeladtkescitdes as a

éﬁrfEéP'H££88n9ﬁmOB§18E A E £¥%55ﬁqﬁm oxynitride

OXI €S as_a precursor for haf ni um oxi de an

hafl@Yigfsoxy Al L r i gRLOBEeRERr SATAIESk dPHE tQPQ‘fﬁa and below

Ilnmrtt}{ Oﬂ?g!at:dl st@ 32 PASH btBetorydse AMdYr bRy corres-
el ene 0

roup .IVb, nanely zirconium - 12 |nstead

106f BY Yngt&&ﬁQﬂﬂHH&b properties sinilar to those
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[ nventl on I 'S y concent r

of hafnium although it is sonewhat Iess advan-

ta%%%%%d #S?ﬁegffgfﬁ% Px%é’é‘er J[t&? C“”eﬁt S) soPution

he preéseé ore al so re es T0 the

us@cqmrd;ngﬂmmlcheoﬂnyﬁaumonnw@ bus@émnﬂnnﬂdabmanﬁd In
as & rtAIRAWSOr char Zid CUH um °§bd§o@n%tzfé 'Eg weight
oxynltrld I'ayers. AT enbodinents_carried out above
15 andp&itdrn Wit ﬁrteegar gors Rafrium ehEPELErE aFsd BpPFyrsor
COrficgs- ha@npordi Bglidet Oagd I GRIEAIOM A AitRd de0 Rayers is
prefe %ﬂ enb dlnen th solutlon aggogggnqato tg

rre Y welght of
hafnium alkox1de in solutlon For example, a ratio of

hafnium alkoxide : solvent of 2-3 : 1 is suitable.

These ranges have arisen for the following reasons: at
a concentration above 90%, the solutions are difficuit
to process owing to the excessively high viscosity.
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.

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%.

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

concentration.
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particul ar, the use of a 30-90% strength by wei ght 15
sol ution of one or nore hafnium al koxi des as a
precursor for hafnium oxide and haf ni um oxynitride

| ayers is suitable. A preferfgd_range is 50-80% by
wei ght of hafni um al koxi de in solution. For exanple,
a ratio of hafniumal koxide : solvent of 2-3 : 1 is
suitable. 20 These ranges have arisen for the
followi ng reasons: at a concentration above 90% the

soIzz\xo,rt:'b_@atalngrﬁ_tdj‘hffe§1culfh;:th@mollr3 @;ﬁr@&@iﬁ%ﬂg tarde solutions

excessi vel y .hi viscosity. el ow a concentratiqQn o .

30@;‘3%651e hea%?‘% raﬁﬁndl,sﬁq\ﬁeﬁgr2§ S BreRRGrL1PBn@éndyAfnium

t ookddm i ahdnolgefei tmesoxXyiitfids Layent 2by FGVDNDS:t ALD
r I i nh gepejties.of < 5% rable in

o BeRFEses, " RAPOTBERRETRISh, [oR WEhE. hEHIRY e o
paheifoalar |gxyridferdedlagorFom exapptétofsgorl showsistors

that the dnnhormgeneitd iid j I

of @%%af r grrr11 a co%?gnt%rdﬁo?%fl%blgmﬂﬁ%mf%Fic%%r%'?_i&iarly

shéWsd teRde Here crvinaltei kte hdgbnsrelresthiee evelex, the

fragfainbangxicle aSencemd abe oisél aabawt op%cadd ldyer of

alb cases,. the d%%%%ltl%p rat.e o;g%%g S%%%{I ns L de

accBPEr NG S e iHie SR G Hde ik B uftae 1s

coabentr at.iion. 13 According to a further enbodi nent,

the solutions defined above are used for the

producti on of hafnium oxide and haf ni um oxynitride

| apeesrByngVl ortixg DisvenbiessedaMhandapidiadisie ofhafnium

t he _RabpiwrueXi dengkni Al ni usbEXY¥PLkihde | 2Y8foPN hafnium
capacitors or transistors. or as_an optical layer_ on .
| aSEPOHiLAfor 8TPs BRPEFEAPAYI yusedi t 2Bl habrEum o HPies -

I t ambhgh tefgeacthafhiutlexethbRide 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 1ligands (methoxide,
ethoxide) .

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),4

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.
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haf ni um oxi de | ayer can be used as an optical |ayer of
10 laser mrrors (the refractive index of hafnium
oxide is about 2.1). According to the invention,

haf ni um et hoxi de, haf ni um _nqpr apoxi de, haf ni um

I sopropoxi de and/or hafnium 15 ethoxide are
preferably used as haf ni um al koxi des. Anong t hese,

haf ni um et hoxi de .and haf ni um et hoxi de in range of

30 FOBoBRRdicghtt 1 P e T aF it en ep f er (OEt)s in EtOH

Rekathvaloy biygkedigtst A sr atfa®eLn  t heo ALY, process are
achieved in particular by small |igands (nethoxide,

20 ethoxide). According to the invention, suitable

zi Peefieomedl kdddstes af esabbasequest layezi ralovholls, amines,

negg%hrgeorzgg%%qgun1 et hoxi de, etc. 25 The sol vent
€ preparation of the solution according to the

invention preferably has a polar group. 30 Sol vents

hawi-Rg-aiRel ao WP AYehE 86nel 8¢t HRML RAdFen WIA £ cBYar1y
coordination to the hafnium (or _zirconi'um), _ increase

i t 8IVEHEAPRLUSon HRunbEFe t 028 (é1§OhHﬂ6€R)@Q2WQHH as the
R-Mb,lvant etz ) aBdshd his bb@agneog f@&{a%l r&iﬁnprlses one
bet ween a plurallﬁ %ﬁ hafnlug1 xi.d nB Qfl 1
(oPPgdien ST THg S S t PEuPEARy PBRefer S e
co&phenpﬂg(ﬁrqp&ndkﬁrbmnamglsohseptoppneaub@&oahs&mc. As
expl:ai e e 90 I 4, F . -
hgl%(:ﬂ%g%lrae Ut gﬂeo%l&?}&n %; bEt g—’il%&% éj&%ln or
bybx/ém@medu @nr@lch@Et)bﬁ formedH, fmr@f@rmem@nass@%cmdary or
subgt-anges aneonahcohols, amnes, 5 ethers or esters.

According'to the invention, it has proven particularly
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 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.

According to a second aspect, the present invention

provides a process for the production of a hafnium or
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advant ageous to use an al coholic solvent as the

sol vent. An al coholic solvent preferably conprises one
10 or nore straight-chain or branched C2-C8-al cohol s,
e.g. ethanol, propanol, butapgl . isopropyl alcohol,
etc. As discussed above, the al cohol may be

strai ght-chain or branched and may be formed froma
primary, .secondary or tertiary al cohol. 15 Accordi ng

t 0 2 RECPAYBNCFIAS LRYSE CBhaN Adidkénttedie coated, which
f uebherieee ahsorbelusedgi Brepabi nation with a

I t. Sui.tab | t 1, t
SoBLt e BevEaublRE 3 B, A i A ang of an
20aThécaevant kgeoostkigh- boi | ing (b.p. 100-250C)
coggl Ve%treeheggsh' ry%éeaess J O d urt her di Tyt i, c%or and

t he sol ution be necessary, inter ali
or depotrd zpeaganpt ébﬁdénéatuon oh the pﬁecgpsororn the

i NEgCti QRPoRRRAEALHS oR25ch8 RIJINGIRIE, k! &'t%%%%t%n of
sol vents (see above) are suitable. Relatlve y

Ioﬁ&ecﬂﬁpﬁraFEBHOPsrﬁﬁ§t§ﬁvtaﬁﬂe only if no exchange

wi gh thaepb@@h@bat est b@héedvipof hen HEheca#Hsi.c1?0 FB€ the
sol.vent a anta?eous.ln thePEr sent

s BRREsnORo e e laths MNAL) 2RECHR LR TaR FATEE.

particular, a solution containing hafnium ethoxide

hage gaeaanghechéoe%t;saa&fzone & QﬁeA%%%@ a8, toreaference

Seco aspec present 1 nvent |on prOV| .
pr 6€esFafler fthe FHEd u EYkdr gt igrhaf n Qﬁﬁ&ﬁogm?nts in CVD

\len DeQRL I OXisddemiar Q0 aghénise!s toekepeeaisd. on the
Cﬁemlcal and Physical Interactions Between Precursors”
by Paul O’Brien et al., Chem. Vap. Deposition 2002, 8,

No. 6, in its entirety.

According to an embodiment, step c) is 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,, NH;3, N,O 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.



conprises the follow ng steps: a) provision of a

sol ution as defined above and of an article to be

coated; 5 b) introduction of the solution into a

reactor and vaporization of the _solution in the

reactor, or c) vaporization of the solution and

i ntroduction of the vapor into a reactor; and d)
depositi on of the vapor on the article for the 10

f oATet WERNRF ATREPNENGRST 71 r bR ehestirdealaymroperties of
Regaredi fl&y‘é'%% l atahodbét | & pévéde ol lgelq%ntrl%fler 8268e or
is _mad t Ilcatlon "Devel opnents in

De |5 ﬁi CeRBRNSt - 0 pEhe p MAGWYR %‘ﬁdt ﬁ&D15“Ode by
Chem-amlllmbl PPIEISMOGVDI ratnelr aRPE-AISD BpirseessBseC s obirning

SR%.O%%tjlth% Br're}:po etbf méal}&%cor d?% ?(E))e og)lé}tlrl%%gl %‘r% tta?é and

S entirety

st &y cincorgicirectieon byf 20iltirgged i byectieensi nbd t hetrogen
hegled Antechafbel e ohgaliin: diy PULSEA:LEAY de che
position

i njection or aeroso
JeSFe S ufhildpPLariEcbe used are all 25 deposition

processes whi ch are knomn and can be used in the

vapori- zatlon

lOpr| art._The MOCVD E MOCVD, ALCVD or RPE-ALCVD
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s l'l‘asfrb]rle?er%’f)’r@eus BYSRccEraHGeCo £¥ urtiher process

enzadiareting t e hahei uinerndeon30ikayehecafiobe fopthenally
re e ]

i s hsad SR B Bvebo radisalsr
hafnlun1 oxynitride layer. N2, NH3, N20 or m xtures

th@ﬁﬁ%&e%ﬁ%repr%E%r%gkﬁlﬁ§e@x§§eg'BEOQQQnEQQEabg'89p081ted
gases 35 The inventors have found that

5hi BGEEITENES] Ml gla’geaFleaprpéaﬁeg@rblgﬁ veg tM%?%stRPE-
reyddve, Ancvss éherekopecipsttrpheflErdRived 161 koxides 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 isopropoxide and/or

hafnium ethoxide.
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further inprovenent in the electrical properties of

the layers can be achi eved by sequential ozone or
renote plasnma treatnment in the MOCVD and ALD node by
so-cal | ed RPE- MOCVD and RPE-ALB processes. By burning

5

out the carbon by neans of ozone or oxygen radicals

and by incorporation of nitrogen by neans of nitrogen
radlcals the thermal and chemical properties of the

aECoFd onpricved® 18TFhETREANT GRS MENtayerthe  hafnium
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t her r.e_opt rt.reate zone or
oxfﬁgﬁgﬁgﬁleglga%bdﬁph b@f a& e ﬁgkﬁpﬁ ‘oxi des or
oxynltrldes deposited 15 according to the invention
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or th
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Si
Si
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| i con al koxi de TECS. 20 In addi tion, m xed oxi des or

oxyhiet FgeLess gbevasher Sollevansge, haf ni um al uni num
haf ni umt ant al um hmnlmn titani um

hatni um | ant h etc even ternar m xe
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aspect, the present invention provides a hafnium

koxi de sol ution which contains 30- 90% by wei ght of
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belll;llg asf?lzg%@ E%‘oﬁaffn' um)gglglho%gl de ff haf nlt r%omogenelty

propoxi nlun1|sopropOX|de an
over the wafers is achieved in the ALD mode too only at

high concentration of Hf ethoxide in ethanol. The
deposition rate shows less dependence on the Hf

ethoxide concentration in ethanol.

Embodiments:

l.1. MOCVD or RPE-MOCVD of hafnium oxide or oxynitride

1.1.1 Hafnium oxide

Precursor: Hf (OC3;Hs)4 dissolved in C,HOH

Process temperature: 250 - 450°C

Pressure: 5 - 200 Pa

Deposition rate: 0.1 - 5 nm/min

Deposition of HfO; in the CVD mode in an A400 reactor

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



haf ni um et hoxi de. 17 According to a preferred
enbodi nent, the hafnium al koxide solution is a 30-90%
strength by weight solution of hafnium ethoxide in
ethanol. 5 The present inventhgn_-is now described wth
reference to enbodinents and figures. The figures
show the followi ng: 10 Figure 1. deposition of hafnium
oxide in the CVD node in an A400 reactor from ASM A
sufficient honogeneity over the wafers is achieved
onbyo@bs@ig&n@@&@eu&@atiomgowt Hf et hoxi de in ethano
deposi tion rate shows a | i near dependence on the
co E&EFCHAEi'on. 15 Figure 2 déposition of haf ni um
oxDepoisi tiilba AbDenode | ncin AdGireeactor from ASM A
suf onbgeneity ov waf.er hi eved
Py B%ggég too only at |§%$bong§h39atfgﬁ'o lﬂfet%anOI
etﬁ@ﬁlééowh et hanol . The 12@ldepdgirtioem est cashows gas
| ess-cdepepderggan the Hf g%h ide, concentration in
et hanol . Enbodinments: 25 1. D or RPE- MOCVD of
haf ni um oxi de or oxynitride 1.1.1 Haf ni um oxi de

Pr ggyiuger : 1H showeH5in4 dhsgol ¥t &Rt C2HRIOH dé’»&osmlon of

P t enper at 50 P
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i nASNe C¥D modd dicieart AdRfnaceactiary fovem ASWed twafledds  is
ma%%%ieb@dtQEHRpaét ﬂﬁ&ﬁré%ﬁ%gﬁé¥até§@ OF uE %&beide in
ethanol. The deposition rate shows a linear dependence

on the concentration.

1.1.2 Hafnium oxynitride
Precursor: Hf (OC;Hs), dissolved in C,HsOH

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 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
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Process tenperature: 390C Pressure: 35 Pa Deposition
rate: cf. figure 1 5 Precursor: Hf ethoxide dissol ved

in ethanol Gas flow 1 sImnitrogen as carrier gas
Precursor flow. 0.75 g/mn Eigyre 1 shows in this

context the deposition of 10 hafniumoxide in the CVD
node in an A400 reactor from ASM A sufficient
honogeneity over the wafers is achieved only at high
concentration of Hf ethoxide in ethanol. The

depasiddurer ate shows a 4iheago dependence on the
concentration. 15 1.1.2 Hafnium oxynitride Precursor:

Hf (OC2H5) 4 dissolved in C2H5OH Coprecursor: anmoni a

20 MAroeess/ e gperat ure: 250 6 KMBHOC Pressure: 5 - 200

Pa Deposition rate: 0.1 - 5 nmimn 25 1.2.

Sequential aftertreatnent by oxidation or nitriding

of Bvhes¢ayent Gk} daxiigdatbpnorbiid opzoRggen rexbigern sradicals
fro rgfmiey 30 oF asmBnPRecess dnfeh iy & 268 oc 450C yas
Ozone concentration: 10% by vol une in oxygen 35 _

O RGEF G c&Ps FREHFRenbb® plealfage ciEgedxygen, a field
Ni igtahigtt &F 2 My /crPriassune:10E -7 2Q0 1Pa opMsycarave
power: 2 - 6 kW

Nitriding by nitrogen radicals from remote plasma:
Gases: nitrogen, ammonia

Microwave power: 2 - 6 kW

By sequential nitriding with nitrogen 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 5 10E-9/cm®.

2. ALD or RPE-ALD of hafnium oxide or oxynitride

2.1 Hafnium oxide

First precursor: Hf (OC;Hs) 4 dissolved in C,H;OH

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 (OCyHs) 4 dissolved in C,H;OH

Coprecursor: ammonia



5 By sequential oxidation with ozone or oxygen
radicals at intervals of 3 nmat a tenperature of
390C, it was possible to reduce the |eakage current
at a field strength of 2 M/emtrom5 10E-7 to 1
10E-8/cn2. 10 Nitriding by nitrogen radicals from
renote plasma: Gases: nitrogen, amonia 15 M crowave
power: 2 - 6 kW By sequentlal nltrldlng wi th nitrogen
r adirogeS Sat empRratydess #0% nrA%R° & tenperature of
390C It was possible to reduce the | eakage current
a field 20 strength lcmfrom5 10E-7 to 5
10I'l_2 “§PENE S 2. ALD or RP %O'c\)éfv H8f ni um oxi de or
oxynltrl de 2.1 Hafnium OXI de 25 Fi rst precursor: Hf

l.ved 1t t
5 200 PG, Behre: 5 T A00 Pd - SOTERRILI L1 on rate:

0.05 - 0.5 nmmnmn Second precursor: H2O, ozone, oxygen
r a@le%@n% 3o chrgdaf ni um ey B'zbhbdeaﬁtn%& aP’ 8&9&%% :

)p 4 di ssol'ved in C2H5 Copr ecur sor nmoni a
20 radF”Fé‘ééss nigFeseat Freicade .- me;@erepr efsmfigrogen,
20Qmitn3 aDep@s idkiyeen’ 8t he. @xcit@dd shEke n Second
precursor: H20O ozone, ammoni a, oxygen radicals,
nitrogen radicals, mxtures of nitrogen, ammonia and
oxygerowaveheoeeai:t ed state 6LkwW

10

Deposition of HfO, in the ALD mode in an A400 reactor
from ASM with 125 wafers in the boat. Wafer diameter
15 200 mm.

Process temperature: 240¢°C
Pressure: 50 Pa
Deposition rate: cf. figure 2

20 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
25 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 deposition rate shows only a

slight dependence on the Hf ethoxide concentration in
30 ethanol.

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

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



M crowave power: 2 - 6 kWDeposition of H 02 in the

ALD node in an A400 reactor from ASMw th 125 wafers

in the boat. Wafer diameter 15 200 mm Process
tenperature: 240C Pressure. 59 Pa Deposition rate:

cf. figure 2 20 Precursor: Hf ethoxide dissolved in
ethanol Gas flow 1.5 sImnitrogen as carrier gas
Precursor flow, 0.75 g/mn Figure 2 shows the rel evant
depBsi t 18RCBE L hakni ¥fn Bhivle 12%hsn wRe AeBfgsgedi nbeph on
AdgOngeachelfefd aMmsMarl SHf bh€EBNY 1heBDIRRAIHY PVESading
the wafers is achieved_in the ALD node too only at

hi R E8n&§ﬂt?59§8ﬁtowaﬁFrsethoxide in ethanol. The
deposition rate shows only a slight dependence on the

Hf hoxi de.caoncentrati on in. 30 _ethanol. On .

deg%i t%‘i“)gg%ﬁ‘gt (S AD B (Ieui%trlidéa pgggﬁa edgposited by
r eMOE¥Dt lpy | RRKAGeCEir epdt 2AiCVlD foxe| BPBtABAYPhaock QPistin-
W, m OE; 0 E- Is nitro 5
rag?ggﬁéeas??ﬁegggggnﬁig%gcu?éggga?$gggé%%sif%%ngf{%éaCUIt
t efpEPEFaPEi6F MGh aEPectheraleposi ef o Oof (demeh/dpdight of
wag eftfrecited ot nokonbliRghe owalgrcH | fesyardoan datedrical
lines having a l.,oadin up to 160 product wafers.
ThBTRREAFdfPoxi d&%or et Py e eﬁ%iospﬁedqﬁf on or
MOCXDoai nRPEaMICVIbanprldiMiscyr BBEtALCy¥bmpaeedi sith all
guj - covering on difficult
togggggpﬂ¥gég&%tEgggﬁggggfétios of 50 (depth/height of

a structure) in conbination with very good electrica

10 properties, | ow contam nation |evel of carbon or
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chl orine and | ow precursor costs conpared with all
ot her hafni um precursors. W 2005/076338 - 22 -
PCT/ EP2005/ 001034 d ainms: 1. The use of a solution of

ONREOR 0Bl/@7igakEAI um al koxi desyor zi rconi g AEKSXOSLS01034
as a precursor for 5 hafnium oxide and hafnium

oxynitride layers or for zirconium oxide and zirconi um

oxynitride layers, a 30- 90% strength by wei ght

sof4eiBf ‘of one or more hafnium al koxi des bei ng used

as precursor for hafnium oxi de and haf ni um oxynitride
10 wei ght solution of

Ia ers a 30- 900/ stren
%Fe 3PP c it uf afsgg}%l Fd88  Bki MY used aBc3ze hatnium

pradkbxddeéorozlnmnnkﬁﬁnmXId&kaRddeélr@@nhunprecursor for
use as _cl aine

g)(() %I(gg} ?‘reng%ﬁésl‘%ﬂ%y \Aa/efllbjhlfms&}ﬁYﬂl&ﬁ &i ng]jaﬁg 8 %r for

Theigsenasmclgiiged dmd operoonhwneosfniheigeededieny, a 30-

cl ai gs, ni

I a?grs St%léél r?IE rB&ﬁumi:é)io%}gg %@gug%ﬁL%@ ?%}:éeggrcras"q%eo }ﬁafnlum
Thelhkegidesc &llﬁiéd Wsﬁdoﬁé? R afITs ot fariami pride and
cl ablm,lutnheoh%mwmi@m deyershabpi up ozwngé%l dec+t&ySfh by

bei n r oduc on capacitors or transistors or as aﬁ(

opt'F ggF‘ Ia?‘éfu‘éhoflasgf M5 0. 385, ThECOREYEs "afkoxides
cl aeded i nsede as ror erefcudsor €oedi agrcohaums, okb@e and
Ea%ti}Eg&ghﬁog&%gﬁagigga?gpgg haf ni um nmet h- oxi de,

af ni um n- pr opox um’i'sopr opoxi de and/ or
haf ni um et hoxi de. 30 6. The use as clainmed in one or

nmope of rhie iLcedi BYLipkal MR, &1 R0] Ut LOR CQHRY | S Abhgth
30- 90% of _haf ni,.um_net h-
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

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

hafnium ethoxide.

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

oxide.

7. The use as claimed in one or more of claims 1-5,
the solution comprising 30-90% by weight of hafnium

ethoxide.
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oxide. 35 7. The use as clained in one or nore of

clains 1-5, the solution conprising 30-90% by wei ght

of hafnium ethoxide. 23 8. The use as clained in one

or nore of the preceding clapgs, the solution

conprising, in addition to hafnium al koxi de, a

sol vent having a polar group. 5 9. The use as cl ai ned

in claim8, the solvent being an alcoholic solvent. _
108-TheThgeugs éaichddmenl diraiane o1 WO%p|Qferithe preceding

CORDEL fsNY thBe sl utlod Homprdkiing)aiih dadirtanahed hafnium
cz-gﬁ- ”éo alcohgls. 1%. The use gs clainmed in one or

nmoPe 8 1the Br ECedFRy "eVaPHs 2oPP63Tt HECYBI vent

conprising EtOH and/or the solution conprising

hatni u hoxj de. 1 he use as claiped in.one. or, .
nn%é o?kﬁéeq%%éégaigééggFéi%ﬁ é%ﬁ%WLénbgﬁﬁgsPéapage&mnng
by ani réonhadicnsedventconpounds. 20 13. A process for

t he production of a hafniumoxide |ayer or zirconium

oxi de layer on an article to_be coated, which

coffri sé8et ha'seol 13 nglaieed: AR pcdwilgi Gm ofthe solvent
sokdhbehsangdehened mbrenetehighite chafinClodl Bratchédard- c,-
of En gralcle to be coated; 25 b) introduction of the
soPufP8R~Pnto a reactor and vaporization of the

solution in the reactor, or c) vaporization of the

solutio nd _Lntro .' f e v i nt :
r eg(‘u:Lt'or ?hg) gﬁeeptgg’i %Lio%%lm%? ?Lﬁle o%poorra%gorﬁ%&%r |%I%r?%erdlng
t heladosft r it i okhef sokedmt umampimdeingyeEteH and/or the

Zi 5eQQRLYBLOXbABrikaNE hafnium ethoxide.

12. The use as claimed in one or more of the preceding
claims, hafnium being zreplaced 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
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

c) 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.

14. The process as claimed in claim 13, step c¢) being
effected by 1liquid injection into the heated ante-
chamber of the reactor, by pulsed liquid injection or

aerosol vaporization.



14. The process as clainmed in claim13, step c) being
effected by liquid injection into the heated ante- 35
chanber of the reactor, by pulsed liquid injection or
aerosol vaporization. 24 15. ,7he process as cl ai ned

in claim113 or 14, the deposition process used being

the MOCVD, RPE-MOCVD, ALCVD or RPE-ALCVD process. 5

16. The process as clainmed in one or nore of clains
131P5, diheri Bragesy manslgfingdhi ipogehaimohi aiafi ng4, the

gasieh@is ithenpr peoetEan Qfed haém%mtw MB/bI, derbBYRSCVD,
addltlonall§|be|n ef fected. 10 The process as

cl &Hred °F PFE<GES -used being N2, NH3, N20

or a mxture thereof 18. The process as clained in

on e of the precedi in_which NH3 is
5usg§ as f1Touen- 1% 082%& %ngjdbs gpe or more of

copﬂ@aumsdﬁ 119. 'mﬂixﬁ@mggs by clrearsdl | ofone ornihoregen-

Of c'blPl%aif?l | - %QQ “fo"’y MEhe 3; ASIB%L%A}Q Ifepé a%%‘%nq)ﬁm OXYy -

zi rconi um al d conmpound he process as

cl aiifEd den leyerordeditd oppllyl Hednglsffectede article

bei ng an NCB transi stor, a capacitor or a |aser

mrror. 21. A hafnlun1aIkOX|de solutlon whi ch
locoﬁtalng B%eTy a8 GheiBedond of ldbPel haf kPGmIas used

alkmMrﬁﬁsb,thH3haﬁm whn aakidexges theiregfsel ected from

haf ni um et hoxi de, haf ni um n- propoxi de, haf ni um

i sopropoxi de and/ or hafnium ethoxide, or a zirconium

al Réxi d&hsol prPoAs80 ahi ch adorchi A 30n80%by meeieghtf  the

of %%e?iﬁn@mcqaﬁdé cay YRalkaxrdes ey zid con 3}@1trogen—

al Koxi des being sel ect ed from Zi rconi um nmet hoxi
152|F§6W@&ﬁ1n9 gas oOr coprecursor.

19. The process as claimed 1in one or more of the
preceding claims, hafnium being replaced by zirconium
in said compounds.

20
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.

25 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

30 which contains 30-90% by weight of one or more
zirconium alkoxides, the zirconium alkoxides being
selected from zirconium methoxide, zirconium
n-propoxide, zirconium isopropoxide and/or =zirconium
ethoxide.

3§
22. The hafnium alkoxide solution as claimed in
claim 21, which is a 30-90% strength by weight solution

of hafnium ethoxide in ethanol, or the zirconium



n- pr opoxi de, zirconi um i sopropoxi de and/ or zirconium
et hoxi de. 35 22. The haf ni um al koxi de sol ution as
claimed in claim?2l, which is a 30-90% strength by
wei ght solution of hafniumeghoxide in ethanol, or
the zirconium- 25 al koxide solution as clained in
claim2l, which is a 30-90% strength by wei ght

sol ution of zirconium ethoxide.
alkoxide solution as claimed in claim 21, which is a

30-90% strength by weight solution of zirconium

ethoxide.



