METHODS FOR FORM NG ALUM NUM CONTAI NI NG FI LMS  UTI LI ZI NG AM NO ALUM NUM
PRECURSORS Background of Invention Field of Invention 5 The present

i nvention pertains to the formati on of alum numcontaining filnms. More

particularly, this invention pertains to chenmical precursors for formng
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materials in integrated circuit designs. For example, aluminum oxide containing
films 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

15 likely to play a crucial role in forming dielectric fitms 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
chemical 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 alioys.

Deposition of Al,O3 has traditionally 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




precursors (e.g., alkyl alum numand al kyl al um num hydride conpounds) in

conjunction with an oxygen source. In thin filmdeposition for

sem conductor 2 fabrication, ALDis pgrt icularly desirable because of the

need to deposit very thin, very uniformlayers of, e.g., AI203 in
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Consequently, the vaporization of this precursor is unpredictable and
difficult to control. In addition, alum num 2-ethyhexanoate has been
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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 to 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 Phase at Pyrophoric or
Compound Temperature/Pressure ‘Non-pyrophoric
AlH{Me), liquid at~65°C/2.13 kPa pyrophoric
Al(Me)s liquid at 20°C / 1.07 kPa pyrophoric
Al(Et),Cl tiquid pyrophoric

30 AKEL); liquid at 186°C / 101.3 kPa pyrophoric

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




Compound Tenper at ure/ Pressure Non-pyrophoric AIH(Me)2 liquid at --65C /
2.13 kPa pyrophoric Al (Me)3 liquid at 20C/ 1.07 kPa pyrophoric Al (Et)2C
liquid pyrophoric 30 Al(Et)3 liquid at 1860 / 101. 3 kPa pyrophoric

Al (Acac)3 solid at 150C/ 0.13 kPa non- yrophor| c 3 AI (6Facac) 3 solid at
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Several of the potential precursors |isted above have sufficient volatility
for | efifvhetd:ve use in an al um num deposition process. However, many of
these conpounds are also pyrophoric and present substantial safety risks in
their usepme Paidthyul arly in industrial environments. In addition to
pyrophorigf £\ hese 20 conpounds contai n al um num carbon (Al -C) bonds that
arey ndesb Eblger}) gh dielectric insulating applications due to the
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Thd = tetramethylheptanedionate; and
6Facac: hexafluoroacetylacetonate.
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Severatl 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 to 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'atuminum-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 overal! film deposition (typically
plasma nitridation). Increasing process steps decreases overall 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 layer of transistors in CMOS devices. Thus, it
35 is desirable fo utilize a precursor without a strong Al-O bond to form an aluminum




gate dielectric and capacitor filnms as it leads to an increase in |eakage
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pr ecur sornitrigigt byekyiDudeAl Raltiigieg s NeR-prapbets aanae @luMMInUE BERTYESTTor t he

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

15 deposition process.

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

incorporation of Al,O3 into a hafnium oxide (HfO3) film.

The aforesaid objects are achieved individually and/or in combination, and it is
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:

AI(NR{R2}(NRaR4)(NRsRs);




15 deposition process. It is a further object of the present invention to
provi de an am no al um num precursor that is conpatible with a hafnium
precursor to facilitate the incorporation of A1203 into a hafni um oxi de
(HF02) film The aforesaid objects areSachieved individually and/or in
conbination, and it is 20 not intended that the present invention be
construed as requiring two or nore of the objects to be conbi ned unl ess
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thap fiwgccarbon atons. In particular, a preferred precursor that has been
found useful in formng alum num cont ai ni ng films by CVD or ALD is tris
di ethyl am no alum num or AI(NEt2)3. In addition, it is noted that the

precursor, ' | 341 L m i i
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five carbon atoms. In particular, a preferred precursor that has been found useful
in forming aluminum containing films by CVD or ALD is tris diethylamino
aluminum, or Al{NEt;);. 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 (Al-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). In 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




The precursor may be used to deposit alum num oxide (Al 203) filns, alum num
nitride (AIN filnms, and/or alum num oxy-nitride (AI-ON) filns. A

conbi nati on of precursors of the above formula may be used, wherein they
have the sane or different structure. ®Preferably, only one precursor is
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15 ideal attributes for high dielectric layers in gate oxide films, MOSFETs and

capacitive structures in DRAM memory.

The alkyl amino Al precursors are particularly useful in the deposition process of

the present invention 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;Os film utilizing tris
diethylamino aluminum in an ALD process in accordance with the present

invention.




15 ideal attributes for high dielectric layers in gate oxide filns, MOSFETs
and capacitive structures in DRAM nenory. The al kyl am no Al precursors
are particularly useful in the deposition process of the present invention
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layers on hard disk heads, integrated circuit packaging, and anti-corrosion

barriers for metal alloys.

15 As noted above, deposition of Al,O3 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 to yield an aluminum
25 oxide, aluminum nitride or aluminum oxynitride film. The non-pyrophoric attribute

' of the précursor'tremenddus_ly reduces s-afe.ty- risks assbciatéd with hand!ing the .

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

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

properties to 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




15 As noted above, deposition of A1203 filns is commonly performed today
using- precursors such as al kyl alum num or al kyl al um num hydri de
conpounds. Many of the precursors utilized are pyrophoric and hence
present significant hazards in their fse. Accordingly, there is a desire
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10 It is also preferable that the chem cal &recursor is in liquid phase

prior to Ghagnhes in @R olINe SANPFEEERd cantielechmangar i ¢AMERAHYBY Ochin be
delivered 8 BeRiRE6ESEurther, avoiding the use of a solid precursor would eliminate the
difficulties and inconsistencies associated with sublimation of the precursor
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,Osinto 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 deposition 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:

A|(NR1 Rz)(N R3R4)(N R5R6);




chanber in an easier, nore consistent and controlled manner in conparison
to a solid precursor. Further, avoiding the use of a solid precursor would
elimnate the difficulties and inconsistencies associated with sublinmation
of the precursor 15 during the CVD or A.D process. In addition, the
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of hydrogreermmjl agotmitwyiergbmypertmcmluérpﬂgcaﬂsor eas further iscltboallatraght Each
of the R - roups can be the same or different and can further be
strai ght @?a'%ﬁﬁw&ﬁ@ﬂjpél Rl prafighed shainpalkgrerps .« compinaligifpiheregthe al kyl
for any of 5 the R - R6 groups can be a straight chain group having the
formula (CH2)" CH3, wth n being at least 1 (e.g., ethyl, propyl, butyl,
etcly. Al Tles paiduvsmrynajr be umekytb deposit AND;RAIN og A6GpNddmsbeA aomibaratibed chai n
group includin lim , ,_ilsopro , isqbutyl, tert-butyl, etc.
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branched sagiboR his¥ hindleaRtr aﬁe@ﬁmrm&r@é@oh@%r%re HRerTBrechfsppyr sor may
be used to deposit A1203, AINor AI-ONfilns. A conbination of precursors
of the ab‘areéerahbrmmm$tus& figct waternisyusied a@s@dcp redgery iefuhdeposition

process. Preferably, only one precursor is used to deposit aluminum nitride films

15 or Al;O3 films. Preferably, the O:N ratio is controlled for oxy-nitride films.

Preferably, the Al,Os; film is deposited such that the dielectric constant is at least
about 9. Preferably, the Al.O4 film is deposited such that the conductivity is no
greater than about 10°° A/cm, at 1MV/cm. More preferably, the conductivity is no
greater than about 107 A/cm; at TMV/cm. Even more preferably, the conductivity

20 - is no greater than about 10° Alcmy at 1MV/iecm. 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
, have suitable vapor pressures, they exist under certain conditions as liquids at
25 ambient conditions (e.g., dlethylamrno precursor compounds), they are non-
| hafogenated and they have no AI-O or Al- C bonds. Further, these precursor
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.




precursor has the sane or different structure as one or nore other
precursors. Preferably, noisture (i.e., water) is used as a co-reagent in
the deposition process. Preferably, only one precursor is used to deposit
alumnumnitride films 15 or A1203 filns. Preferably, the ONratio is
controlled for oxy-nitride filnms. PRpeferably, the A1203 filmis deposited
such that the dielectric constant is at |east about 9. Preferably, the
A1203 fi | nOns prefprrsd peagurset that has beer determined te be particulegy ugefhicsr ~ t han

about 10-6 C f ; ; t LV} R
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(ﬁ' g-,h di ep&éwh@m?@geﬂgler:gnﬁm émomwbdst)undteﬁiegb!atiganubeuchha@e@mﬁ' e(cji, and
t hey have no Al -O or Al - nds. Further..these pr rsQr conpounds are
easy to syh?tﬁég‘?%@rﬁﬂ@“ﬁqeégfeéam ioed WHtChd%ﬁﬂB?%@ﬁéj‘ﬁa%é% suitable for
cO- deposi t j@Brpatdtidn @ BRIMiRGRAGKdRIAtodRMOMRI(te ploviddafih ¢arrentiyecur sor s)
that have common |igands. 10 A On r ef erre%d rbﬁﬁdlrso t hat has been

. e .
det erlfi nedeRdsipredas # petantial fytuse gpis Matsrial WSy EE8si ti on of A1203

films is tE|ghdthRidotMchakialdigthnaminotafmiitMrdANS dietllaineuwarsuee fil ms

t hat have been fornmed using this conpound are of very high quality. In
addi tion, bavesipfec@pesprasaure§oucitizsiitates C%%Wtioﬁiqfiﬂﬂ%/“%th and 5 is
particul ar éécﬁfhéiofs‘?d for co-deposition with a gate oxide hafnium precursor
tetrakis I ethylam no hafnium This conpatibility offers the advantage of
m xing the two precursors together w thout concern about undesirable

e TRBR RS LR A PSSy RSB R ) WO eh |
provilde a Ednventional &MD gr ALD process. In tests that were conducted, depositions of
Al>Oj3 films were achieved using both tris diethylamino aluminum and tris di-
isopropytamino aluminum as precursors with H,O 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
20 temperature of about 120°C. The moisture pulses were introduced directly into
the deposition reactor by means of a pneumatic valve apening 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 controlled 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 (sccm).

For tests conducted utilizing tris diethylamino aluminum as the precursor, process
30 conditions were set as follows:




10 envisioned as a potential future gate material for sub 90 nm devi ces.
Furthernore, both tetrakis diethylam no hafniumand tris diethylam no

al umi num have simlar vapor pressures which facilitates co-deposition of
the two precursors. The precursors of the present invention can be
deposited utilizing any 15 conventiopal CVD or ALD process. In tests that
wer e conduct ed, depositions of A1203 filnms were achieved using both tris
di et hyl am RerecarsoniTempeeateret¥ 145 8¢ - i sopropyl ami no al um num as precursors
with H2O a co-reactant in,an.ALD deposition process. In each process,
the deli veéygﬁtfa?%ﬁ_gmﬁ’?g%érea"n coc-e\r eactant into the reactor was

acconpl i shadDUtildd Beqeenae fperidyoledt t hat Seascenai nthsemondat a 20 tenperature
of about 120C. The noi sture pul ses wer introduq‘jege&)inhgctly into the
deposition reactor by means of a pneu e val ve opening for a short tine
and alsl owi ng pure noi sture vapor to entistitee r éaBtecondBhe precursor pul ses
were introduced into the reactor as a _dil uted rq'q(ture of precursor vapor
and carrier gas flow. The carrier gasp\}é‘&%e argon %ercogp? of the tests
conducted. The concentration 25 of precursor vapor in this mxture was

controll ed_by the vapor pressure of the precursor d carrier gas pressure.
In the test8e resuingdimiveas %@r%?@%ﬁl&ﬁﬂggﬁﬁa {“F?Eﬁtgg?woaﬁﬂmn fewtorr (a

few hundr edr Ra)sPEhbSEn@partitastd EontainausH. FuBeR tIRSIFB@OWSPKIneBeyat er i al
at about 100 standard cubic centineters (sccm. For tests ng%?ttggd

utilizing wesobaeredhia berinesr gt abewdh( Adhickressmes pilsgcyclpand
condi {g NS UPLFuSfingTholRl\it¥recdrbor BIGE ieAbn FBAPPIAS Yecord durtida, Substr at e

Tenperature = D Pul'se Sequence (per cycle): Source 3 seconds Purge
5 seconds Fhetata pleitedinghe gaphdd Figourgewsihe stasHEEdr cycle dependence on

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

For tests conducted utilizing tris di-isopropylaminoc 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 aiso
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 pulses (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)s) compounds

[




The resulting filmwas uniformformed utilizing the tris diethylamno

al um num precursor showed no particul ate contam nation. Further, the film
grow h kinetics was observed to be |ipear at about 0.7 A thickness per

pul se cycle and exhibited 10 sel f-sust{%eni ng growmh with precursor pul se
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Another advantage of using the larger alkyl amino groups such as a diethyl amino

15 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 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

20 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 diethyi, isopropyl
25 “and/or isobutyl amino type ligands, in the precursor is that such compounds
facilitate the formation of stable byproducts (e.g., ethylene, isopropylene, t-
bufylene, etc.) during film deposition. This offers deposition chemistries in thermal
oxidization or a pyrolytic type film de'p'osition' mechanisms that can be initiated
under less severe process conditions such as lower temperatures, the utilization
30 of milder oxidizers, etc., which is advantageous in terms of process costs,

material requirements, and process reliability.




organonetal | i ¢ conpounds and occurs via bridge bondi ng, where the nitrogen
atomon the ligand of one nolecule forns an additional bond interaction to
the nmetal of another. This undesiraquSprocess can be prevented or limted
by 10 utilizing conpounds having | arger~al kyl groups so as to shield the
netal sit i gher
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advant age of using the |arger al kyl am ng ou S such di et h am no
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processing conditions and are thus easier to control and provide nore
consfst enandehangxesyateabeltdveddeﬁalsmthm\rthEcmbpeWﬁMh@psisleméntventlarm ase used to
di ssol ve ao@%q? tg}formldéﬁ}i&J solutions in order to control delivery of
the precufig¥ped byihg,aepe AN vents 20 increases the risk of sol vent
reaction in the process and ultimately | eading to carbon contam nation in
the filmand/or variability of available oxidizer needed to formthe film
A further advantage of providing |arger alkyl groups, such as diethyl,

i sopropyl 25 and/or isobutyl amno type ligands, in the precursor is that
such conmpounds facilitate the formation of stable byproducts (e.g.,

et hyl ene, isopropylene, t- butylene, etc.) during filmdeposition. This

of fers deposition chem stries in thermal oxidization or a pyrolytic type
fil mdeposition nmechanisns that can be initiated under |ess severe process
conditions such as |lower tenperatures, the utilization 30 of mlder
oxi di zers, etc., which is advantageous in terns of process costs, naterial
requi renents, and process reliability. 13 Having described novel nethods
for formng alum numcontaining filns utilizing am no alum num precursors,
it is believed that other nodifications, variations and changes wll 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 variations,
nodi fi cations 5 and changes are believ to fall within the scope of the
present invention as defined by the appended clains. 14 Cdains 1. A
met hod of formng an alum num containing filmon a substrate conprising:
provi di ngqgustecursor having the chem cal structure:

Al ( NRI RZ)?&Q%)(NRSRG); 5 wherein each of Rl, R2, R3, R4, R5 and R6 is
the sane or different and is F i ndependently selected fromthe group
consi sting of hydrogen and an al kyl group including at |east two carbon
atoms; and utilli zi n§ MadogrdaraipE arcaluBlingr aonfainipl flmosassbptiate

i ncl udi ng aTtﬂDhigf@t one of alum num oxide, alum numnitride and al um num
oxy-nitri g8 . The nethod of claim1l, wherein the alkyl group includes
no nore than providiagagreatisos hading the chemied solicttreti m 1, wherein the

precursor conprises tris ieth m_ng al um num 4. The nmethod of claiml1,
wherein the filmis fornéﬁgl&hl%&%@ﬁbgwﬁéﬁﬁ)’ 15 by chem cal vapor
deposition. 5. ; | o Ré/%q:,rt J I S ,{{%@ t he
substgr ate by gﬁg?ﬁ@%}agﬁ%ﬁi ’eg(z)’?iz{pi%‘*h. . c&ﬁ@s%@?%@é&ﬂ @r%&’rm : daﬁuer ein

t he t hi ckimelepentienthesdletted fommiite groupt ¢tensistingtof diyerdneratmaiza dllay eroup
deposition is, no eafer than about 100 angstronms. 20 7. The nethod of
claim1, 'I”l‘}'*{q‘n%q ag%‘ﬁﬁfw Ry OE@R%“ﬁ! f?a co-reactant with the precursor to
formthe film & idditheBibaboPto fdr Hilm IANARERULBsHAR iREIUBRRFAABAST dpe

selected fromthe "group consisting of water, oxygen, nitrogen oxi
car bon di okaloeinamnopdidg, aluminum nitride and aluminum oxy-nitride.

10 2. The method 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
15 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.

20 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.




silanol, and conbinations thereof. 15 9. The nethod of claim1, further
conprising: formng an el ectronic devi utilizing the substrate including
the film formed on the substrate. 10. The nethod of claim9, wherein the
el ectronic device includes a 5 dielectric layer conprising the filmforned
on the substrate. 11. The nethod of claim9, wherein the el ectronic device
includes a storage nedia |layer conprising the filmfornmed on the
substrate. 12.9The iaemosthodl of clainn 11 funtiteranmprdieg:pr ecur sor is co-deposited
with a second_ precursor to forma filmincl udisrg%’égti | east one of al um num

oxi de, alunin 19 P Glectomir de\iee HilRin{nepuh neludirgdhedithod of clai m

12, wher ejdpmidiCorPiHRCali@hteonmpri ses tris diethylam no al um num the second
precursor conprises tetrakis diethylam no hafnium and the filmincludes

al um num oxi de and haf ni um oxi de.
10.  The method of claim 9, wherein the electronic device includes a
5 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.

12.  The method of claim 1, wherein the precursor is co-deposited with a
second precursor to form a film including at least one of aluminum oxide,

aluminum nitride, and aluminum oxy-nitride.

13. The method of claim 12, wherein the precursor comprises tris
diethylamino aluminum, the second precursor comprises tetrakis diethylamino

hafnium, and the film includes aluminum oxide and hafnium oxide.




