METHODS FOR FORMING ALUMINUM CONTAINING FILMS UTILIZING AMINO

ALUMINUM PRECUR I iQn Fi ' S
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Aluminum oxide films have good electrical insulating properties and a high 10dielectric
constant, which renders these films extremely advantageous as layer materials in integrated
circuit designs. For example, aluminum oxide containing films are playing important roles in
transistor and capacitor fabrication used in nBackgocassbotihdrerdioory devices. Further, as

integrated circ’gﬁi%glegfﬁ]%ﬁq%dimensions continue to reduce into the nanometer scale,
these films are I5likely to play a crucial role in forming dielectric films of future gate insulator

layers if Mosﬁmwr@aﬁdmapdamet@mmm@@mRfaamﬁmewscmtgmmramsecent
advances in sprieqnductor iochnology have BEH%H@H@%%B?‘M%E&?&?QW Hms;igy e to

be a superior material in certain critical applications such as the gate ctric layer in
MOSFET trandidoiziangantatupaditios. storage 20media in DRAM memory devices. In
addition to having desirable electrical properties, Al203 films have good chemical inertness
and mechanical strength properties. Thus, Al203 films are also used extensively in
non-eIectroni(B@i'r%tﬁfjafbﬁJications such as protective layers on hard disk heads, integrated

circuit packagiignnchaaiiigemRalo IR iRIsf eamaiahallamh st o RIZDRihRs
traditionally been accomplished by means of chemical vapor deposition (CVD) or atomic layer
depodifion (AFS)EIHgCPARRIE AR URNERSEIRSSE il exfisMabhAAVAN P aHS P& (ARium
hydride compeiislsainisaniugeited wirburniexkas FuieRampiindimerpelRIE8bntaining
semiconduct?r o . . . I .
lims are playing important roles in transistor and capacitor fabrication used in
microprocessor and memory devices. Further, as integrated circuit device
scaling dimensions continue to reduce into the nanometer scale, these films are
i5 likely to play a crucial role in forming dielectric films of future gate insulator layers
in MOSFET transistors and capacitive structures of DRAM devices. In particular,
recent advances in semiconductor technology have shown aluminum oxide
containing films to be to be a superior material in certain critical applications such
| as the gate dielectric layer in MOSFET transistors and the capacitive storage
20 media in DRAM memory devices.
In addition to having desirable electrical properties, Al,O3 films have good
chemica!l inertness and mechanical strength properties. Thus, Al,O; films are also
used extensively in non-electronic circuit applications such as protective layers
on hard disk heads, integrated circuit packaging, and anti-corrosion barriers for

25 metal alloys.

Deposition of Al,O3 has fraditionally been accomplished by means of chemical
vapor deposition {(CVD) or atomic layer deposition (ALD) using various aluminum
precursors (e.g., alkyl aluminum and alkyl aluminum hydride compounds) in
conjunction with an oxygen source. In thin film deposition for semiconductor



2 fabrication, ALD is particularly desirable because ofdhe need to deposit very thin, very
uniform layers of, e.g.. Al203.in continually. shrinking semiconductor devices. Qne class of
precursors cornf.‘;ar%){)iﬁ%/ﬁ8ge'c%'rfi5 &HF&H‘S@H@& @Véﬁ%ﬁaﬁﬁﬁﬂﬁ%ﬁ ﬁ?&e"u%&eri? SRAPSY HaRethin.
aluminum (TM¥9nGewifeg. Jdyeid udtie.gndR (. ib@ondionalpwinalkih § lestrimie Maeialsvices.
Volume 17, p - 988). Aluminum isopro xiqu ??s IsQ been used gs.a .
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vaporization o%ﬁ?g%ﬁegﬁ?s@rg@%gﬁ?%%dcﬁg%@azﬁqégd%ﬁ?\géw %gecgztr%?%gaggﬁ%ﬁ jﬁg‘%ﬁim
2-ethyhexanoate has been demonstrated as a precursor for Al203 deposition, but its low
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pyrophoric (i.e., igniting spontaneously in air) and hence present significant sa sin

their use. Thef& s 2B nBIRHHERRL BOMEISHSARY M osdfieor s0EHaRN PIRsSsifFe. A 20related
disad\li&mage@oﬂi@eb@hf@@@ﬁ&%ﬁ&ﬂﬁ%ﬁ%ﬂ%{ﬂ?@ﬂiﬁbp@@ riat ey SRdtdnRAba to

formation of powdered alumina in the v_aporghase in a CVD chamber, particularly when

excess oxygefid8{esEhBdHOfIRWG LBt By heranorip hgfebresofissaanakated asrn
potentially be pegahiesthe vasougdiosArRP I lienLRNICaRP préSitase ARV RRR #Bbsition
CompoundTemperat r,e/P{,es,sureNon- rophoric AIH(Me)2liquid at -65C /2.13 kPapyrophoric
Al(Me)3liquid " %&h%’@@p&ﬁ%ﬁﬁ@%“ ss of this compound in situations where high

throughput is desired. See, e.g., T. Maruyama and T. Nakai, Applied Physics
15 Letters, Volume 58, pp. 2079-2080 (1991).

One disadvantage associated with using alkyl aluminum compounds as
precursors to form aluminum oxide films is that many are pyrophoric (i.e., igniting
spontaneously in air) and hence present significant safety hazards in their use.
There is a strong interest in industry today fo avoid such risk if possible. A

20 related disadvantage is the high reactivity of these compounds with oxygen that
can result in the formation of powdered alumina in the vapor phase in a CVD

chamber, particularly when excess oxygen is present.

The following sets forth a list of volatile Al compounds that can potentially be

used for the various film deposition applications:

25 Fhase at Pyrophoric or
Compound Temperature/Pressure ‘Non-pyrophoric
AlH{Me), liguid at~B85°C/2.13 kPa pyrophoric
Al(Me)s tiquid at 20°C / 1.07 kPa pyrophoric
Al(Et),Cl liquid pyrophoric

30 Al(Et); liquid at 186°C / 101.3 kPa pyrophoric

Al{Acac), solid at 150°C / 0.13 kPa non-pyrophoric



AI(Et)2C1quuidpyrophoric 30AI(Et)3liquid at 186C / 101.3 kPapyrophoric Al(Acac)3solid at
150C/0.13 kP phorlc AI(6Faca c)3 AI;Thd 3.Al1(i-OPr)3 Al(t-OBu)3 Al2(Et)3(s-0Bu)3

here: 3 solid A BDECHENS Pa solEOU PGS 0 SBRLRid at 132CRSYPTHBC | 0.27
kP liguid at %S% 33 kPa nonSB?ijEt %)15% o pg/?df)ﬂonc non-pYPSpRYIRe RS- pyro ph o ri

K/.F;a:“m?h?,ﬁ-' g 9 32°C/ 080 kPa non-pyrophoric
g 156°C /0.27 kPa
5 Alp{Et)s(s-OBu)s  liquid at ~185°C / 5.33 kPa non-pyrophoric
where:
Me = methyl;
Et = ethyl;

10 Opr = propoxide;
Obu = butoxide;
Acac = acetylacetonate (2,4 pentanedionate);
Thd = tetramethylheptanedionate; and
6Facac: hexafluoroacetylacetonate.

15
Several of the potential precursors listed above have sufficient volatility for

effective use in an aluminum deposition process. However, many of these
compounds are also pyrophoric and present substantial safety risks in their use,
particularly in industrial environments. In addition to pyrophoricity, these

20 compounds contain aluminum-carbon (Al-C) bonds that are undesirable in high
dielectric insulating applications due fo the potential of carbon incorporation of the
film, which in turn leads to reduced resistivity. This has obvious disadvantages in
gate dielectric and capacitor fiims as it leads to an increase in leakage current.

In addition, many of the remaining non-pyrophoric candidates in the above list

25 contain aluminum-oxygen (Al-O) bonds. These bonds are quite strong (122
kcal/mol) compared to aluminum-nitrogen {AIN) bonds (71 kcal/mol), and thus it
is quite difficult to substitute nitrogen for oxygen in a deposition process. To do
so would require an additional process step in the overall film deposition {typically
plasma nitridation). Increasing process steps decreases overali reliability, a

30 factor that is critical for sustaining economic competitiveness in the

semiconductor industry today.

Further use of higher energy processes, such as high temperatures or plasma,

increases processing operating costs as well and can be detrimental to the

quality of the critical gate dielectric fayer of transistors in CMOS devices. Thus, it
35 is desirable to utilize a precursor without a strong Al-O bond to form an aluminum



100pr = propoxide; Obu = butoxide; Acac = acetylacetonate (2,4 pentanedionate); Thd =

tetramethylheptanedionate; and 6Facac: hexafluoroacetylacetonate. 15 Several of the
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deposition proggsshititgweussemanideldhasetaanpeundeare elsoritegphoric and present
substantial safety risks in their use, particularly in industrial environments. In addition to

pyrophoricity, these 20compounds contain aluminum-carbon (Al-C) bonds that are
undesirable inAlighidigtedirtcihst atideanplicatonssddadaitppgioteatidhahcaibide (AIN) films
incorporation of the film, which i turrbjei}:’js redyced resistivity. This. has.obvio
Uioacvantaged TGS et 36 QA MR abh Aille 1 RHAUIERLTE Wiiapear
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substitute nitrétygh fSrtiosygattiiibatieepositohgrod etsirFdelistiosoui vegoirdepoadiditional
process step i rHl:c:{g}gg/erall film deposition (typically plasma nitridation). Increasing process
steps decreases overall reliability, a 30factor that is critical for sustaining economic
competitiveness in the semiconductor industry today. Further use of higher energy processes,

such as high temperatures or plasma, in!?r&@ﬁﬁg QFERSINNVAREIGHNY costs as well and can
be detrimental to the quality of the critical gate dielectric layer of transistors in CMOS devices.

Thus, iP35is deeneiiiB ey utllisean phiRel 9bHRitreEea SRepRIiRN Aoy ierarAeRRYIRInUM 4

process for forming a film of aluminum oxide, aluminum nitride, or aluminum oxy-
nitride by CVD or ALD utilizing a non-pyrophoric amino aluminum precursor.

It is another object of the present invention o provide an amino aluminum
precursor that excludes halogens, Al-O bonds and/or Al-C bonds for the

5 deposition process.

It is a further object of the present invention to provide an amino aluminum
precursor that is compatible with a hafnium precursor ta facilitate the

incorporation of Al;Oz into a hafnium oxide (HfO;) film.

The aforesaid objects are achieved individually and/or in combination, and itis
20 not intended that the present invention be construed as requiring two or more of
the objects to be combined unless expressly required by the claims attached

hereto.

In accordance with the present invention, a method of forming an aluminum
containing film on a substrate includes: providing a precursor having the

25 chemical structure:

ANRR2)(NR3R4)(NRsRs);



oxide or other film, as this type of precursor provides the advantage of process tunability
between oxide and nitride via process chemistry. Aluminum dimethyl amide has been used to
deposit aluminum nitride (AIN) films (see, e.g., J. Vac. Soc. Technol., 1996, 14, 306). In

principle, it waykhapaaah 2R this cemROURI IRIDRE AsPyigldHOR adhe RIpaeRseY ghhu

oxidizer. However, this compound exists as a dimer and is solid at room temperature. Béth o

these attributeLBRSHBE Rty ernsrar Rid s A ASayer el disont rasbio SakpEiomsie
Invention 10AggarditathgtiedtQRIRGSAbReArs It Mvertisna RARVISS RIFRPOSIESS: one of

process for forming a film of aluminum oxide, aluminum nitride, or aluminum oxynitride by
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presentsinventien issREgniae Bbaming SluIMBkER: and PAACURHRSRR! axslyses halaaanst Al
bonds and/or Al-C bonds for. the ISdeposition process. It is a further object of the present
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are achieved individually and/or in,combjpation, and it is 20nqt inten that the present
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methoicbof forg}@g an aluminum containing film on a substrate includes: providing a
precursor having the 25chemical structure: AI(NR1R2)(NR3R4)(NR5F26);

Preferably, the alkyl group for each of the Ry — Rg groups contains no more than
five carbon atoms. In particular, a preferred precursor that has been found usefut
in forming aluminum containing films by CVD or ALD is tris diethylamino
aluminum, or A(NE1,)s. In addition, it is noted that the precursors utilized in

15 forming aluminum containing films of the invention exclude Al-O and AI-C bonds.

The precursor may be used to deposit aluminum oxide (AlzO3) films, aluminum
nitride (AIN) films, and/or aluminum oxy-nitride {(AI-O-N) films. A combination of
precursors of the above formula may be used, wherein they have the same or
different structure. Preferably, only one precursor is used to deposit aluminum

20 nitride films or Al;O3 films. Preferably, moisture is used as a co-reagent.
Preferably, the O:N ratio is controlled for oxy-nitride films.

Although there is no oxygen in the precursor structure, an oxide or oxy-nitride film
can be generated by use of a variety of oxygen containing co-reactant vapors.
With such co-reactants, deposition of oxy or oxy-nitride films may be

25 accomplished by either chemical vapor deposition (CVD), or atomic layer
deposition (ALD). [n either case, the precursor is first vaporized prior to entering
a reaction chamber that contains a substrate for deposition. The precursor may
be used alone or in combination with another precursor according to the



5 where each of R1, R2, R3, R4, R5 and R6 is independently selected from the group
consisting of hydrogen and an alkyl group including at least two carbon atoms; and utilizing

the precursor tHYSAHOR fifth A fEeineaESRENRERG bk shevs URiunibilgdatter
aluminum nitride gk SalmENmHISE-FERENHRIMIRR I RB SEMeSKaTiRe the same or

different and can further be straight or branched alkyl portions or moieities. For example, the
alkyl for any of the R1- R6 groups can be a straight chain group having the formula

(CHZR)EJEIB, withre lﬁ@gﬁ@ﬁﬁﬂﬁ@sﬁﬂ @23)3_ &thyls @rgmlﬁaéb;myéd?&rf]y)nﬁl«ba_mwmh@@d}%{hior
any R1.6 group can.be a branched chain group includjng, without limitation, isopropyl,
isobutyl, tert. bR ABELABRLIBILE HRATHRET ool Sen g TR PERA IooRRB AR
no m(|)re3 than five lclcaéhm‘matmsténmréfﬁm @mwgedrwmwmw@ﬁélﬁmib@mmmdmetry
useful in forming,aluminum contajning films, by C ALD is tris die minQ. aluminum, or
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aluminum oxide (Al203) films, aluminum nitride (AIN) films, and/or aluminum oxy-nitride

(Al-0-N) films. A combination of precursors of the above formula may be used, wherein they
have the samé&osgliffersnitropacitinxidreferablig e fp bueepire prasticisg e icedepbsivention

aluminum 20nitridesfil 1203 films. r isture,is.u - .
Preferably, the DR T e o oo R KA T e e B The
precurkdr strugilansarvdiede besieaificdenire claseigheroxdizey udk dépenarienreaction
oxygen contaiging:ea-rea i ﬁm TeaclASHER [t] f -pitride
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deposition (ALUSHIEkhap tassatiegsianlisct c\ikseudbdlipeereasr 46 darichipa whetion
chamber that GaRRIH$ASHRRIASIHN SRNASHIBRoJNS PRRAUISCSARSHHRE HRRIAOBE AL ke d

combination with another precursor according to the 6 invention, or a different précursor not

having the abB¥8 Mt thirkpess e Qro'eep HratbaRast TAG aRasisrshsHethise are

deposjng thedde affime e iatianyRiaeI AR MY iS AR BYRREM MY IOSHENS and
co-reactant oxidizin%'vapor into the chg&nék{ﬁr. By reducing the ratio of oxidizer to precursor, 5
the use of coTBRAEINE REHFLTHIB MAIREYin the chemical stoichiometry of the film

from AI203 to Al-O-N to AIN. This has the further benefit being able to fine tune electrical film
properties via stoichiometry to ?est suit the application. Possible sources of oxidizers suitable
For use i pral I ARG LG, RGBT e B Nt FSFAIn g 6RO SHIRB QLR SRt
CO2, water, dleppadseahthvention because they are non-pyrophoric, free from any oxygen,
halide (e.g., chlorine), or metal carbon bond. These precursors provide a great
20 benefit in safety along with flexibility in controlling oxide stoichiometries.

The above and still further objects, features and advantages of the present
invention will become apparent upon consideration of the following detailed
description of specific embodiments thereof.

| | Brief Description of the Drawings
25 Fig. 1 is a graph depicting the growth rate of an Al;Q; film utilizing tris
diethylamino aluminum in an ALD process in accordance with the present
invention.



10silanols, where the specific choice of a suitable oxidizer will depend on reaction conditions.
Tris diethylamino aluminum, for example, provid d AI203 films, using H20 as the
co-reactant in a CVD or ALD procﬁéﬁlﬁgﬂﬁﬂgﬁﬁ%ﬁ%ﬁ%ﬁlgﬁﬁ%rsor in an ALD
process, highly confoiinatifitms precgesmtated witlegxirarddly tiurfabitkages ¢ gedasmiban
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the growth ratéusnags AlEO@attdigiBeing tayedistiiabintol dransisiordraad KieDrppaciibein
accordance W%Fgﬁeoﬁ?éﬁﬁ_tiWYﬁ@HWerP&?F&@i@QSQf Preferred Embodiments  Aluminum

precursors are widely used in the fabrication of electronic devices such as integrated circuits,
capacitors, transistors, diodes, and optoelectronic Il and IV semiconductor devices. See, e.g.,

N. N. fﬁ@eenvvﬁpga&'ﬁéﬁ%n&@@%@%@@@@éﬂﬁ%fd%ﬁ%&ﬁésf’ﬁrmﬁgf%% 4384 In

particular, recent advances in semiconductor technology have shown aluminumoxide

containing filrtS et dsE RS SR EPEPERKBESH AreRGEI SpPiititioNeQubilmssare
gate dielectricalgyaidaMRBhETdRNsistareRat dhf crrafityp RiatRgR Hedhead SReMive

memory devices. 10In addition to these desirable electrical properties, Al203 films have good
chemical inerfAXESAUNABL A QF %R HYRGHAGL Ak HRRIKIAYS it PAHGAR8 I8
extensively inmpregtefironigdigibyapplications such as protective layers on hard disk heads,

integrated circuit packaging, and anti-corrosion barriers for metal alloys.

15 As noted above, deposition of Al,Oj3 films is commonly performed today using
precursors such as alkyl aluminum or alkyl aluminum hydride compounds. Many
of the precursors utilized are pyrophoric and hence present significant hazards in
their use. Accordingly, there is a desire to alleviate the risks associated with such
precursors when manufacturing aluminum oxide (Al,O3) films as well as other

20 films, such as aluminum nitride (AIN) films and aluminum oxynitride (Al-O-N)
films.

The method of the present invention includes providing a non-pyrophoric,

halogen-free, and oxygen-free amino aluminum compound that is also free of

Al-C bonds for use as a precursor in a deposition process 1o yield an aluminum
25 oxide, aluminum nitride or aluminum oxynitride film. The non-pyrophoric attribute

' of the precursor tremendously reduces safety risks associated with handling the

precursor compound, while the elimination of oxygen from the compound allows

for enhanced control of film stoichiometry and hence adaptability of the film

properties fo the specific application. The absence of Al-C bonds minimizes the
30 risk of carbon incorporation in the film, which in turn lowers film resistivity and



15As noted above, deposition of Al203 films is comm@nly performed today using precursors
such as alkyl aJuminum or alkyl aLuminum hydride . compo n?(js. Many. of ﬂ}-ﬁ recursors utilized
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desire to alleviatdgtielrisks associated with such precursors when manufacturing aluminum
oxide (AlI203) films as well as other 20films, such as aluminum nitride (AIN) films and

aluminum oxynitride (Al-0-N) films. The method of the present invention includes providing a
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material. In addition, the precursors are preferably halogen free td avoid corrosion

system pipind @fdcenamBadsiceiesorass £ thelfifs-to prevent the Sincorporation of
halogens within the film being formed. For example, the presence of chlorine in'a precursor
could lead to the formation of a chloride film in the end product. Further, halogens are

detriméhtal whéh /D a5 RGN R dNSeHBEHIA PIRSEAEREIHIBIRIT PRI RIS thappmiy
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that the chem?iﬁal recursor is in liquid phase prior to use in the deposition_process, since a
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controlled masylief pnecuimparisantiees setiiigehesoscrfihesiawitngstrensedérmsakite the

ine procursor IBGHNRY FI DI AL SOEBEo R D P D e BBl s

15 during the CVD or ALD process. In addition, the precursor preferably has
sufficient volatility to allow for adequate concentration doses of precursor vapor in

the deposition process.

Recently, there has been an increased interest in incorporating Al,O; into a
hafnium oxide (HfO,) film. Thus, compatibility of the amino aluminum precursor
20 with a hafnium precursor is also preferable. An example application where this
would be particularly useful is in the depasition of gate dielectric films CMOS
devices, where a hafnium aluminate film composition provides desirable electrical

properties.
In accordance with the present invention, a general class of amino aluminum
. 25 precursors that meet the above criteria are alkyl amino aluminum compounds of -

the following chemical structure:

ANR1R2)(NR3R4)(NR5Rs);



sufficient volatility to allow for adequate concentration @loses of precursor vapor in the
deposition proc here has been an increased interest in incorporating Al203 into
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alkyl amino alyminum ¢pompounds of the following chemical structure:
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further include all straight chain alkyl groups, all branched chain alkyl groups, or combinations

thereofp10The-precursatmay Rertsadde depgsiihlZs Al %AA:WWW%A&%%%W

precursors of the above chemical structure may be used, where each precurso e same
or different stiRfRIPE\HSYHLHENAFRY BN praisat sorecirrefetan e messturegre. eaalter) is

used as a co-FRageRINHAS MRRSHOD PHAsETHRIRIBIGRIALHNE MRS RS WiRRH Er%%(?%&gs.

deposit aluminum nitride films 15or Al203 films. Preferably, the O:N ratio is controlled for
oxy-nitride filfiSE R aMG SIHESA D3 WHETY BhtRdiag dheraend inidhecdepesitionnt is at

least about 9.pgreetyablysdhe HIKOBdilroisedenrtiFes: 5 el daakibe SOREHRIMINUIR MREIRARhs
than i out 10-8 @éﬁnrﬁlat 1 V/%}. More preferably, the conductivity is no greater than about
10-7 Afem2 aPa kel eh HRG@ Rl Sy N FRIEdR oQiRilpd fof oxy-nitride films.

Preferably, the Al,Os film is deposited such that the dielectric constant is at least
about 9. Preferably, the AlOj film is deposited such that the conductivity is no
greater than about 10° A/em; at 1MV/icm. More preferably, the conductivity is no
greater than about 107 A/cm; at 1MV/icm. Even more preferably, the conductivity

20 - is no greater than about 10° A/cm; at 1MV/em. The preferred deposition process
is preferably CVD or ALD. Most preferably, ALD is used to form the film.

The precursor compounds defined by the above chemical structure have many
desirable features including, without limitation, they are non-pyrophoric, they

3 have suitable vapor pressures, they exist under certain conditions as liquids at

25 ambient conditions (e.g., diethylamino precursor compounds), they are non- |

haiogenated, ahq they ,haQe no Al-O or At~C bonds. Further, thes'é precdrscr
compounds are easy to synthesize, are stable in inert atmospheres and are
suitable for co-deposition with other precursor compounds (e.g., hafnium
precursors) that have common ligands.



20is no greater than about 10-8 A/cm2 at 1MV/cm. The preferred deposition process is
preferably CVD or ALD. Most preferably, ALD is used to form the film. The precursor
compounds defined by the above chemical structdfe have many desirable features including,
without limitatioRr@yeierrasbpEpsieish dhia hﬁé}bmé@@ﬁﬁlﬂ@d\é’&ﬁ pretiiiasy upeliidenst

under certain CQW‘!.*)'%PN?Q HGH&%@R%’?%@WWQ@'&Qﬁé’rﬁ?iﬂmaﬁt@ﬁmﬁm BFOQIKEQL);.
compounds), they are non- hal ﬂE and the Qave 0 Al- oL Al-C bong%rFurfther these
precursor compﬁ Q‘ﬁpeoéﬁ'ﬁ?‘%‘ ah @?i\ipe,bg HS'HQ Mg COTPRENEL LS Ve Lyitable
for co-depositiohighthuatigr breddrsom dbimpoemasofehgs, drddichepiedursos) tibifityhsire and

common kgandg; Jo-£06 R SIGIERdRES USRI Hah WA Q SSlRIHasAM Proearisklaiiis
useful for CVD or ALD deposition of Al203 films is trrs eth lamino aluminum, or AIéNEtZ )3.

Aluminum omdé’l‘ﬂﬁﬂ%ﬂ?%ﬁ@@b‘@én%ﬁmﬂﬁ' BBW%@%‘?\%W'W@Q} GG In

addition, this preetseohapgethdrakigividataampadinitumdisanblé|mpatdiextheyga{Eactor
co-deposition t&h h%‘r% Tiredl ‘?n*&ﬂIBré“{He%S@‘gﬁgvﬁﬁ AR YRR f&é’tﬁ%}lH&” This
compatlbllltyo ers the advantage ot mixin recursors toget er without concern

about undeS|raMPéQI’@Qfﬂil@k@lﬁéh{ﬂ@fegmc@(@@tMﬂ'éé frovRIPmEIde mENyeHaENbhich in
turn faciljgates teﬁdmﬁr@p@t@m&ﬂmmre g&d%‘m@.mm eﬂd@ﬁ@@r@we a film

currently 10en oned as a al futyre gate m l for s (5 V|ces Furthermore
both tetiakis I BTG AL R RN OB AE WAL L YRR A
pressures whlcha‘aemimfm rz@pdepwaoreemhlehmimﬁeam@mlpﬂeﬁd@w@f the present
invention can b -depasjied utilizing any 15conventional CVD or ALD process. In tests that
were conducted, deposmons of Al203 films were achieved using both tris diethylamino
aluminum and tris diisopropylamino aluminum as precursors with H20 as a co-reactant in an

ALD depositionTpkopessirbosastity peesenthesieivrecaobpresposiedntiicmgeasgtant into the
reactor ;"g‘é ?@g%@% 91‘5 g4 AB afﬂJt rogséh%%’&Zsmp%%g&to%&%e@gféwﬁs%f

about 1 re pu ses were uced %/
Al,O3 films were achieved using both tris diethylamino aluminum and tris di-

isopropylamino aluminum as precursors with HxO as a co-reactant in an ALD
deposition process. in each process, the delivery of precursor and co-reactant
into the reactor was accomplished utilizing a manifold that was maintained.at a
26 temperature of about 120°C. The moisture pulses were introduced directly into
the deposition reactor by means of a pneumatic valve opening for a short time
and allowing pure moisture vapor to enter the reactor. The precursor pulses were
introduced into the reactor as a diluted mixture of precursor vapor and carrier gas
flow. The carrier gas was argon for all of the tests conducted. The concentration
25 of precursor vapor in this mixture was controlied by the vapor pressure of the
precursor and carrier gas pressure. In the tests, the carrier gas pressure was
typically about a few torr (a few hundred Pa) or less and was flowed over the
precursor source material at about 100 standard cubic centimeters {sccmj).

For tests conducted utilizing tris diethylamino aluminum as the precursor, process

30 conditions were set as follows:



the deposition reactor by means of a pneumatic valve opening for a short time and allowing
pure moisture vapor to enter the reactor. The prec [sor pulses were introduced into the
reactor as a diluted mixture of precursor vapor and carrier gas flow. The carrier gas was argon
for all of the testBreonccteemPeaitsaceht&iion 25 of precursor vapor in this mixture was

controlled by thesyapesRressiyeiae:-R@suEsor and carrier gas pressure. In the tests, the
carrier gas pressure was typically about a few torr (a few hundred g%or less and was flowed
t

over the precurddrREiHes LSS IRH R0 stand2PdCHbic ceRIRERR (scom). For
tests conducted utilizing tris diethylamino aluminum a&tingeprecursoggemetsss 30conditions
were set s follows: 11 Precursor Temperature = 115§ auhstrate J gmpelaiidre = 300 C ALD
Pulse Sequence (per cycle):Source3 seconds Purge5 seconds 5Moisture0.6 seconds
Purge10 seconds The resulting film was uniform formBYf@flizing th $REAMAyIamino
aluminum precursor showed no particulate contamination. Further, the film growth kinetics
was observed ta.pe linear at.about 0.7 A thicknes r pulse c 1bit
self-sustaining ;E%fﬁsﬁ%ﬂ%ﬁ%ﬁggrugﬁén gﬁ)?a ?(’)anaﬁ%r’nﬁq%ﬁoe!r %&%%%Eﬁéo%ﬂjﬁgu%ta

plotted in the grapcwkBighowhdwe Heaeipridiersonieyairatiopanddite b filkh grvkihddsdlica
silicon substrate4adfsece0RdilamR sehfaBbAOr A thRkIRES saplussas tblizpdkisbited

di-isopropylamino aluminum as the precursor, process conditions were, set as follows: 15
Precul?s f}/TemﬁlﬁjﬁfﬁH%a-mg‘é? @rowthpwith precurgor pulse uratgon from 1 to%tseconc? \cqlura%on.
The data plotted in the graph of Fig. 1 shows the precursor cycle dependence on

film thickness on a silicon substrate under the conditions set forth above.

For tests conducted utilizing tris di-isopropylamino aluminum as the precursor,

process conditions were set as follows:

15 Precursor Temperature = 80 C
Substrate Temperature = 300 °C
ALD Pulse Sequence (per cycle): Source 4 seconds
Purge 8 seconds
Moisture 0.8 seconds
20 Purge 12 seconds

The tests indicate that the tris di-isopropylamino aluminum precursor also
deposits a uniform film in an ALD process. In this case, a film of about 150 A
thickness was formed after 150 cycles of reagent puises (i.e., showing linear
growth kinetics at about 1 A film thickness per pulse cycle).

25 As noted above, the alkylamino aluminum precursors of the present invention can
also be used in deposition of Al,O3, AIN and Al-O-N films.

While it is known to utilize tris dimethylamino aluminum (Al(NMetz)3) compounds



Substrate Temperature = 300 C ALD Pulse Sequente (per cycle): Source 4 seconds
Purge 8 secongg p}\égbsrtsuor:% ?O%gr?ﬁ;%&sﬁ%r%s, there are advantages in using higher alky!l amino
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15

20

25

30

aluminum compounds in accordance with the present invention (such as diethyl
or higher branched or straight carbon chain amino aluminum compounds), rather
than methyl amino aluminum compounds. For example, higher alkyl amino
aluminum compounds are less susceptible to self degradation by oligomerization.
The oligomerization degradation is a well known problem with many types of
organometailic compounds and occurs via bridge bonding, where the nitrogen
atom on the ligand of one molecule forms an additional bond interaction to the
metal of another. This undesirable process can be prevented or limited by
utilizing compounds having targer alkyl groups s0 as to shield the metal site of
one compound from another. Thus, the utilization of higher alkyl groups in the
alkyl aluminum precursor compounds offers greater stability to the compounds

during the deposition process.

Another advantage of using the larger alkyl amino groups such as a diethyl amino
compound is that, unlike methyl amino aluminum compounds, many of the higher
alkyl aluminum compounds exist as liquids under appropriate processing
conditions and are thus easier to control and provide more consistent delivery to
the deposition fool. While solvents can be used fo dissolve solids fo form liquid
solutions in order to control delivery of the precursor, the use of such solvents
increases the risk of solvent reaction in the process and ultimately leading to
carbon contamination in the film and/or variability of available oxidizer needed to

form the film,

A further advantage of providing larger alkyl groups, such as diethyl, isopropyl

“and/or isobutyl amino type ligands, in the precursor is that such compounds

facilitate the formation of stable byproducts (e.g., ethylene, isopropylene, t- |
butylene, efc.) during film deposition. This offers deposition chemistries in thermal

oxidization or a pyrolytic fyb_e film deposition' mechanisms. that can be initiated

under fess severe process conditions such as lower temperatures, the utilization
of milder oxidizers, efc., which is advantageous in terms of process costs,

material requirements, and process reliability.



Purge 12 seconds The tests indicate that the tris di-istpropylamino aluminum precursor also
deposits a unifprm.film . in an, ALD progess, In this case,.a film of. about 150 A thickness was
formed after 1507419 L S LB KR SARIO0S SRRy e el g el d il e
- thickness per rssaccptle)ir2 bA rated @aisoitds thelishadbihi @ tleminuifipaiontsorsrizftibas and
present inventi an alsg be used in,denosition of, A]203, AIN and Al-O-N films, 12 as
precursors to IR B Canoe e SRS e M A s B eias o
compounds in factioresieice Witk therpfesett rventiens(sodHtzt dibtudtoraighienkranobditations

straight garbon,hain AMINe AW IO FmRAUDAS: IR sEdBRT M ATAC AN,
compounds. For exampfe, higher alkyl amino Saluminum compounds'are less susceptltﬁe to
self degradatictehpasligyrtiarizanendtdeiagimomerization degradation is a well known problem
with many types of organometallic compounds and occurs via bridge bonding, where the
nitrogen atom on the ligand of one molecule forms an additional bond interaction to the metal
of another. This undesirable process can be prevented or limited by 10 utilizing compounds
having larger alkyl groups so as to shield the metal site of one compound from another. Thus,
the utilization of higher alkyl groups in the alkyl aluminum precursor compounds offers greater
stability to the compounds during the deposition process. Another advantage of using the
larger alkyl amino groups such as a diethyl amino 15compound is that, unlike methyl amino
aluminum compounds, many of the higher alkyl aluminum compounds exist as liquids under
appropriate processing conditions and are thus easier to control and provide more consistent
delivery to the deposition tool. While solvents can be used to dissolve solids to form liquid
solutions in order to control delivery of the precursor, the use of such solvents 20increases the
risk of solvent reaction in the process and ultimately leading to



carbon contamination in the film and/or variability of ayailable oxidizer needed to form the film.
A further advantage of providing larger alkyl groups, such as diethyl, isopropyl 25and/or
isobutyl amino type ligands, in the precursor is that such compounds facilitate the formation of
stable bypradimtsr{don. cbihykedés:isopropylene, t- . butylene, etc.) during film deposition. This
offers deposition chemistries in thermal oxidization or a pyrolytic type film deposition

mechanisimAthattbad lo¢ fioitiater amdrimesarsayeneapipeefitreonditiontsshunh asiawrling:
temperatures, the utilization 30of milder oxidizers, etc., which is advantageous in terms of

process gostsdimgtetabrequiehments antheroicasstrebability. 13 Having described novel
methods for forming aluminum containing films utilizing amino aluminum precursors, it is

believed thatigNiR1 R®INIBaRAENRERBYNS and changes will be suggested to those skilled in
the art in view of the teachings set forth herein. It is therefore to be understood that all such

variationsyhmaagiicaichs ahdchaiies Re beldeved tafall Withinsthgscepeef ibe gifseatt and s

inventionredegefinienhly telappdnttedcldinsgrddpT bernsismiprotidigardjenl aAdnahogliafi group

forming amchldminaiieastttwingaftoroatarsspatrdte comprising: providing a precursor having

a chemical structure: Al (NR1R2)(NR3R4)(NR5R6); wherein each of R1; R2, R3, R4, R5 and

R6 is theusitimiegothdiffersnirandtis fodepefitlardly gelenied it isglipgPat0esstiveebf aluminum

hydrogemxeind, sxiatkipugnonifriche ladihglati@gashtoyeaithide atoms; and utilizing the precursor to

form a film on the substrate including at least one of aluminum oxide, aluminum nitride and

aluminurd. okiienitnieliiod of claim 1, wherein the alkyl group includes no more than six carbon
atoms.

3. The method of claim 1, wherein the precursor comprises tris diethylamino aluminum.

4. The method of claim 1, wherein the film is formed on the substrate by chemical vapor
deposition.

5. The method of claim 1, wherein the film is formed on the substrate by atomic layer
deposition.

6. The method of claim 5, wherein the thickness of the film formed on the substrate by
atomic layer deposition is no greater than about 100 angstroms.

7. The method of claim 1, further comprising: combining a co-reactant with the
precursor to form the film.

8. The method of claim 7, wherein the co-reactant is selected from the group consisting
of water, oxygen, nitrogen oxide, carbon dioxide, alcohol, silanol, and combinations
thereof.

9. The method of claim 1, further comprising: forming an electronic device utilizing the
substrate including the film formed on the substrate.

10. The method of claim 9, wherein the electronic device includes a dielectric layer
comprising the film formed on the substrate.

11. The method of claim 9, wherein the electronic device includes a storage media layer
comprising the film formed on the substrate.



2. The method of claim 1, wherein the alkyl group in(iléjdes no more than six carbon atoms. 3.
The method of claim 1, wherein the precursor comprises tris diethylamino aluminum. 4. The
method of claim 1, wherein the film is formed on the substrate by chemical vapor deposition.
5. The methodied oladthddwifekgiirthel filnrisdoimeskoplibeussbstiate SyiafuBieRyRth a second
depositiopretufber neefood af fltainmSiudingrenidae thicknsssiofiine Mo XRigneguenitien nitride, and
substrateahysitamicbhayeitdeposition is no greater than about 100 angstroms. 7. The method
of claim 1, further comprising: combining a co-reactant with the precursor to form the film. 8.
The metHdd offeaiméthotietdincdlbintol@acitwetisrselretaskScurstie gopipric@RsISIsgnEMaMmIno
oxygen, aitlogearyitie, sadoor Poxides atcahol siasdbtraidsonaiadionsothereind.aHe the film
method dfclaifeslaliurirernorigisig! fafmiomarxielectronic device utilizing the substrate
including the film formed on the substrate. 10. The method of claim 9, wherein the electronic
device intiuddseaniithecdtrisf lelpinchmyrisien the ffredarseccomihssshissalatildahheoragin®d um
of claim @naheren dep etéerionitdevisecontlgesqa sorage fovedlia [dirar ipepiigingtthedimone of
formed orldh@rsubstrate, akbmi2ufhaeitriddgaehdf alamnlinvbeyeiittide precursor is
co-deposited with a second precursor to form a film including at least one of aluminum oxide,
aluminurhfitriue neett edushiclamokyRmithde calBpitiagnetaecepbaldim 12, wherein the
precursor comprises tris diethylamino aluminum, the second precursor comprises tetrakis
diethylamingitaigiarseamnidtipediorsocjudes aluminum oxide and hafnium oxide. 14. The
method of claim 1, wherein the precursor comprises tris diethylamino aluminum and is
co-depositestiwilaarsetordptbeyrseciostorand fim sedudihgretleasironadf aluminum oxide,
aluminum nitride, and aluminum oxy-nitride. 15. The method of claim 1, further comprising
the stepsatgrositing theeouxidiw doyirsheriealtingpomidpissitfdheopracoiisior e thtepermnsh to
precursdoramtheotiepasititivetsebsixtbecthytchetnitesd \atpende positiohuaioone Byide, aluminum
depositioiridécandthiufitinem theysubidate that includes at least one of aluminum oxide,
aluminum nitride and aluminum oxy-nitride.

16. The method of claim 1, further comprising the steps of:

providing a second precursor;

creating a mixture of the precursor and the second precursor; and

codepositing the mixture by chemical vapor deposition or atomic layer deposition to
form the film on the substrate that includes at least one of aluminum oxide, aluminum
nitride and aluminum oxy-nitride, wherein the precursor codeposited with the second
precursor comprises tris diethylamino aluminum.

17. The method of claim 1, further comprising the steps of:

providing a second precursor comprising tetrakis diethylamino hafnium;

creating a mixture of the precursor and the second precursor; and

codepositing the mixture by chemical vapor deposition or atomic layer deposition to
form the film on the substrate that includes at least one of aluminum oxide, aluminum
nitride and aluminum oxy-nitride, wherein the precursor codeposited with the second

precursor comprises tris diethylamino aluminum.

18. The method of claim 17, wherein the film includes aluminum oxide and hafnium
oxide.



16. The method of claim 1, further comprising the st%s of providing a second precursor;

creating a mixture of the precursor and the second precursor; and codepositing the mixture by
chemical vapor deposition or atomic layer deposition to form the film on the substrate that
includes &Blekist onetiobalofaizim Oxides @Umiufinithicedad Auminum e¥daitride, wherein

the precursor codeposited with the second precursor comprises tris diethylamino aluminum.

17. The pethiekohelhion LffoldharicanheisingHbdibiepe i @sauicing @semwiad precursor
comprising tetrakis diethylamino hafnium; creating a mixture of the precursor and the second
precursog, farithecdeprositiofdbérmixtuteshyisiesnival vapedsiepnsiianer atemitigyer

deposition to form the film on the substrate that includes at least one of aluminum oxide,
aluminurgiiffide aredraldrofralainoXy-fittice, dnepeisithepsestggobeodeposited with the

second precursor comprises tris diethylamino aluminum. 16 19. The method of claim 1,

wherein threviltinine sdes atupraeirsoxidem2Pisimptateikpddd eigiaminavhafaiorhe film

includes aluminum nitride 21. The method of claim 1, wherein the film includes aluminum
oxy-nitrideeag2ng remietiredod tistapretufsshandampEsicend e sieps of: arrviding a second
precursor comprising tetrakis diethylamino hafnium; creating a mixture of the precursor and

the seconddeneosityay; tied chdepoditinghbenioaituwespoy cagypitabrapor-EeResSilipfer@iottion to
layer defositichdofirmothet fimso shetsy bainaiei v iteeeipr ot rec wsde sosiendsiad Wb $econd
second presunsaT campiisise &risriiettidtmlamalominumiane thentilntien tiensubistreies substrates
comprisesalpmaasalunaifniomianihoxyga oxygen.



