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COVPRI'SI NG LAYER 5 TECHNI CAL FIELD This invention relates to nethods of

form ng Ta205 conprising |ayers. BACKGROUND ART 10 As ein
menory celWOdMMET78 there is a continuing challenge tgcﬁ&%ﬁ(ioéﬁ{;{%ﬁs
sufficiently high storage capacitance despite decreasing cell area.
Additionally, there is a continuing goal to further decrease cell area. One
princi pal way of increasing cell capacitance is through cell structure
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such as trenched or stacked capacit feature size continues to
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metal oxide materials (such as ferroelectric materials, perovskite materials
and dielectric oxides) are commonly referred to as "high k" materials due
to their hi%&'ﬂﬁ.&@&ﬂiﬁﬂconstants whi ch make 25 themattractive as
di el ectypi c mat erd AIFRAMsC ARAELSOTiA, nwfe%or‘?X%EW|§eﬁé?fy hﬂh@faed@nﬁl EyniiANg and
non-vol atile nmenories. Using such nmaterials can enable the creation 0of nuch
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design. One suc teri I s tantal umpent oxi Ta2 can, of
course, al fteapeasscatlli Argabr Poat pancwral rmayerqfalr@rmmeg @ﬂémamﬁa@peons

di el ectricshafithd Nc&il ' SHubfufe OtBERNIIRR. DRAMich techniques include three-

15 dimensional cell capacitors, such as trenched or stacked capacitors. Yet as
feature size continues to become smaller and smaller, development of
improved materials for cell dielectrics as well as the cell structure are
important. Highly integrated memory devices are expected to require a very
thin dielectric film for the 3-dimensional capacitor of cylindrically. stacked or

20 trenched structures. To meet this requirement, the capacitor dielectric film
thickness may be at or below 10 Angstroms of equivalent SiO, thickness.

Insulating inorganic metal oxide materials (such as ferroelectric
materials, perovskite materials and dielectric oxides) are commonly referred
to as "high k" materials due to their high dielectric constants, which make

25 them attractive as dielectric materials in capacitors, for example for high
density DRAMs and non-volatile memories. Using such materials can
en‘abl'e the creation of much smaller and simpler capacitor structures for a
given stored charge requirement, enabling the packing density dictated by
future circuit design. One such material is tantalum pentoxide (Ta,Os).

30 Ta,Os can, of course, also be used in fabrication of materials other than
capacitor dielectrics and in circuitry other than DRAM.

The dielectric constant of tantalum pentoxide can vary in a range from
about 25 to in excess of 100. Typical prior art methods of forming tantalum
pentoxide result in an initial deposition in the amorphous phase, and which

35 also results in dielectric constants in the lowest portions of the range.
Accordingly, subsequent anneal processes are typically employed to convert

the material to various crystalline phases to achieve a significantly higher



The dielectric constant of tantal um pentoxide can vary in a range from .
about 25 to in excess of 100. Typical prior art nethods of formng tantalum

pentoxide result in an initial deposition in the anorphous [%hase and whi ch
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Accordi ngly, subsequent anneal processes are typically enployed to convert
the material to various crystalline phases to achieve a significantly higher
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i npl ementation, such includes positioning a substrate within a deposition
chanber . GAWHHAYt hiecrredalive conpihesiigtingrsfarrncs t9 dBgrakpwe barkeaungdnd 03
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Ta205 conprising |ayer on the substrate. -In one inplenmentation, a Substrate
i s positione@ogPtdanceawiiBBeidacsiine b egHiyRRMS. A first species is

chem sorbed onto the substrate within the chanber to forma first species

nonol ayer from a gaseous first precursor conprising TaFS. The chem sorbed
first speciMMAéont acted with a gaseous second precursor conprising at

least one of H2@ANthQAthd MeRfdednidthb8€ of forming Ta,0s comprising layers.

15 In one implementation, such includes positioning a substrate within a .
deposition chamber. Gaseous precursors comprising TaFs and at least one . -
of H"QO and O; are fed to the deposition chamber under conditions effective
to deposit a Ta,Os comprising layer on the substrate.

In one implementation, a substrate is positioned within a deposition

20 chamber. A first species is chemisorbed onto the substrate within the
chamber to form a first species monolayer from a gaseous first precursor
comprising TaFs. The chemisorbed first species is contacted with a gaseous
second precursor comprising at least one of H,O and O; to react with the
first species to form a monolayer comprising Ta and O. The chemisorbing

25 and contacting are successively repeated under conditions effective to form
a mass of material on the substrate comprising Ta,Os.

Other aspects and implementations are contemplated.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Preferred embodiments -of the invention are described below with reference to the

following accompanying drawings.
Fig. 1 is a diagrammatic depictioq of a processing chamber having a
substrate positioned therein.
Fig. 2 is a diagrammatic depiction of a substrate fragment.
35 Fig. 3 is a diagrammatic depiction of another substrate fragment.



first species to forma nonol ayer conprising Ta and 0. The chem sorbing 25
and contacting are successively repeated under conditions effective to form
a mass of material on the substrate conprising Ta205. O her aspects and
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Preferred enbodi nents of the invention are described below with reference to
the follow ng acconpanying drawings. Fig. 1 is a diagranmatic depi.ction of
a processing chanber having a substrate positioned therein. Fig. 2 is a
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Fig. 5is a diagrammuatic depiction of yet another substrate fragnent.
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descri bed above. Gaseous g ecursors con%ri sing TaF5 and at | east one of H20
and 03 ar SeMiGoPaUeifosveiesn (Bfe&lond Bhdar assrmbiiesn SopRTEing v othey

deposi t materials thereon), and semiconductive material layers (either alone or in

assemblies comprising other materiais). The term "substrate” refers to any
16 supporting structure, including, but not limited to, the semiconductive
substrates described above.
Gaseous precursors comprising TaFs and at least one of H,O andiO;
are fed to deposition chamber 10 under conditions effective to deposit
a Ta;0s comprising layer 14 upon substrate 12. Such might be conducted.
20 by atomic layer deposition (ALD) methods (for example including
chemisorbing and contacting methods), by chemical vapor deposition
methods (CVD), by other methods, as well as by a combination of these and
other methods. CVD and ALD are used herein as referred to in the
co-pending U.S. Patent Application Serial No. 10/133,947, filed on April 25,
25 2002, entitled "Atomic Layer Deposition Methods and Chemical Vapor
Deposition Methods", and listing Brian A. Vaartstra as the inventor. This
10/133,947 application filed on April 25, 2002 is hereby fully incorporated by
reference as if presented in its entirety herein.
Fig. 1 diagrammatically depicts separate TvaF5 and one or both of H,O
30 and O3 precursor feed streams to chamber 10. More or fewer precursor
feed streams could be provided, of course. Further, feed streams might be
combined and mixed prior to feeding to chamber 10. An exemplary vacuum
cor'mtrolling -drawdown/exhaust line 16 extends from chamber 10 for
exhausting unreacted gas and by-product from the substrate, and for
35 controlling chamber pressure. The deposition conditions can comprise



a Ta205 conprising layer 14 upon substrate 12. Such m ght be conducted. 20
by atonic |ayer deposition (ALD) nethods (for exanple including

chem sorbi ng and contacting nmethods), by chem cal vapor deposition nmnethods
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addi ti o t ocreated from any suitable existing or yet-to-be-developed ozone generator.
Accordingly, the invention in one aspect also contemplates a combined
feeding of O; and O, without feeding H,O to the chamber, or in combination .
with H,O. Further and regardiess, the H,O, O; and O, might separately be
fed-at different exclusive times, at different and partially overlapping times,
20 orin combination.
Further, the deposition conditions can include feeding TaFs and at
jeast one of the H,O and O; to the deposition chamber at the same time or
at different respective times. Further when flowed at different respective
times, some of the TaFs and at least one of the H,O and O; feedings might
25 overlap in time or not overlap in time.
Preferred conditions include a substrate temperature of from about
200°C to about 400°C, more preferably from about 250°C to about 300°C,
and even more preferably at a temperature of at least 275°C. The
deposition conditions are also preferably subatmospheric, with a preferred
30 pressure range being from about 1 x 10”7 Torr to about 10 Torr, and more
preferably from about 1 x 10™ Torr to about 10 Torr.
Regardless, the conditions are preferably effective to form at least a
majority of the Ta;Os to be crystalline in the 001 oriented hexagonal phase
as initially deposited, and regardiess of whether the outer surface of
35 substrate 12 upon which the material is deposited is substantially crystalline



in lieu of the H20 precursor feed, an exenplary 03 precursor streamflowis
a mxture of 03 and 02 at from25 sccmto 400 sccm wth the feed stream
being from3%to 15% by wei ght 03, the remainder being 02. Such could be 15
created fr¥AWPO78URt abl e existing or yet-to-be-devel opddTdrBAE G at or .
Accordingly, the invention in one aspect also contenpl ates a conbi ned
feeding of 03 and 02 wi thout feeding H2O to the chanber, or in conbination
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15 example only, the conditions might comprise a period of time intermediate -
the different respective times when no detectable gaseous precursor.is fed -
to the chamber, and with an inert purge gas being fed to the chamber during
.. at least some of that intermediate period of time. Regardless and in one -
preferred method, the conditions are void of any detectable level of H, being
20 fed to the deposition chamber. : C
One exemplary reduction-to-practice example utilized/resuited in CVD
in the absence of plasma in a pulsed precursor method with the conditions
comprising reaction of the gaseous TaFs and at least one of H,O and O,
within the chamber and subsequently depositing material comprising Ta,0s
25 on the substrate. Specifically, Ta,Os was deposited using TaFs and
separate water vapor/steam pulses to form an 1800 Angstroms layer
of Ta,0s after 550 cycles, and which was in a highly 001 oriented hexagonal
phase as-deposited and had less than two atomic percent fluorine.
Substrate temperature was 275°C. The TaFs pulses were unmetered from
30 a 70°C reservoir for 1 second long each, and the H,O puises were 10 sccm
for 1 second long each. The reactor was purged with argon (30 sccm) for 1
second and pumped out for 2 seconds after each of the TaFs and ozone,
pulses. The purging/pumping was apparently not effective in removing all
excess water vapor in light of a non-limiting, CVD rate of deposition being
35 obtained.



5 be crystalline in a 001 oriented hexagonal phase as initially deposited.
In such |less preferred enbodi nent, the substrate with initially deposited

| ayer m ght then be annealed at a tenperature of from 40 to 800C
effective Y8 2PYONUR | east a majority of the Ta205 to b@%ﬂ{;@gﬂgﬁﬁ% in a

001 oriented hexagonal phase. Such annealing m ght occur in the sane or a
10 different chanber than which the initial deposition occurred. Were the
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pul ses wer evayldske lgssfif@amSsecond 1 ong each. The reactor was purged witH
argon (30 sccm Referdng XBCPRD RNHePsHIREdoMEd Fitdt ST TRkbSedeRRR #f the
TaF5 and ozone pul ses. The purgi ng/ punpi ng was apparently not effective in
renovi ri§ algaseous second precursor comprising at least one of H,O and Oj; to react -
with the first species to form a monolayer comprising both Ta and O. Fig. 3 :
depicts two such materials, Ta-O4, where "x" would be less than 2.5 and
largely result from Os; exposure, and Ta-(OH), and largely result from H;O .
exposure. The surface species might further be a combination of these, for -
20 example Ta(O)x(OH),. A first species is chemisorbed onto the substrate .
within the chamber to form a first species monolayer from a gaseous first
precursor comprising TaFs.
Fig. 4 depicts subsequent exposure to a gaseous first precursor
comprising TaFs, again resulting in a first species chemisorbing and
25 transformation of the TaO, and Ta(OH), to a growing Ta,Os mass.
Accordingly, and by way of example only, such chemisorbing and contacting
can be successively repeated under conditions which are effective to form a
mass of material on the substrate comprising, consisting essentially of, or
consisting of Ta;0s. Preferred and exemplary processing conditions are
30 otherwise as described above, where applicable. Most preferably, the
successive repeating is effective to form at least a majority of the Ta,0s to
be crystalline in the 001 oriented hexagonal phase, as initially deposited.
Further in one preferred embodiment, a period of time might be
provided intermediate the chemisorbing and the contacting wherein no
35 detectable gaseous precursor is fed to the chamber and with, if desired, an



excess water vapor in light of a non-limting, CVD rate of deposition being
35 obtai ned. WD 2004/ 070078 PCT/ US2004/ 003046 Preferred pulse tines for the
TaF5 vapor are fromO0.1 second to 5 seconds, and nore preferabl m 0. 2
second t o WOSeBHAWIS Preferred pulse tines for the HZOPQFGJF&QW}G/%"’O\‘/’apor are
fromO.1 second to 10 seconds, and nore preferably from1l second to 3
seconds. 5 Exenplary atom c Iayer deposition nethods are described with
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and Ta(OH),, grow ng Ta205 mass. Accor way of exa
only, such Q;amﬁltg(ﬁrﬁﬁ n@clgﬁgscﬁmtagﬁd ngecond capamtor electrodes 56 and 5

respectively, having a capacitor dielectric region 75 sandwiched

15 therebetween. Some or all of capacitor dielectric region 75 preferably

comprises Ta,Os deposited by any of the above-described 'methods.

Exemplary reduction-to-practice capacitors fabricated in the above -manners

have shown dielectric constants- near 100, with leakage in the.high 10

-amps/cm? range. One exemplary. specific example utilized 1000 Angstroms

20 thick sputtered platinum capacitor electrodes having a capacitor dielectric

region consisting essentially of Ta,Os deposited in accordance with the

above method to a film thickness of 390 Angstroms. Such a film was

deposited using 1 second pulses of TaFs at 70°C, 0.5 second pulses of H,0

vapor at 16°C at 5§ sccm, 1 second argon purge pulses at 30 sccm and 3

25 seconds pumping thereafter intermediate the TaFs and H,O pulses, a

substrate temperature of 250°C, and 500 of each such cycles. The material

had a dielectric constant of 45, and current leakage was on the order of 10
amps/cm?.

An alternate exemplary and better-resulting product was obtained

30 utilizing top and bottom electrodes 500 Angstroms thick which each

comprised a combination of rhodium and platinum. The dielectric film

consisted essentially of tantalum pentoxide deposited to a film thickness

of 1330 Angstroms. The precursor pulses were 1 second of TaFs at 70°C

and 0.2 seconds of H,O at ambient room temperature conditions, with 1

35 second argon purge pulses at 30 sccm and 3 seconds pumping thereafter



can be successively repeated under conditions which are effective to forma
mass of material on the substrate conprising, consisting essentially of, or
consistin Preferred and exenpl ary processing re 30
ot herw se 2%3@%3%Bed above, where applicable. Most prgﬁgagﬁ(vﬁgﬁ)ﬁ
successive repeating is effective to format least a mgjority of the Ta20 5
to be crystalline in the 001 oriented hexagonal phase, as initially
deposi ! ed. irfigfhBelatt TheNPary 8h¢H S RO ilstr e RBH M aRlre WA MY, be
provi ded internedi ate enlsor |ng and the contacting wherein no

det ect abl eagdsthwugab seﬁUﬁHm@ P@BﬁédwﬁaetQQ?dﬂﬂ&WbébrdﬁH)mydhs eaCMesﬂhed an

0o 2501 O RRA T ARROMAOBR ol aREl 001 S BB AE et i, Sl

first or sewardaphedus siglsciricgtrindient ohahggml 100, camcbosurenbleamesmdaecmed by

the art} | uring the successive repeating of

chem so blﬂb ﬁﬁﬁ‘iéngggf/%gﬂgéﬂggher, 5 the first species mght be forned
continuously or discontinuously over the substrate. Further if desired
after at | east sonme of the successively repeating, deposition nechanism

m ght be switched to CVD, or start with CVD and switch to ALD. Regardl ess,
the deposited nass m ght conprise, consist essentially of, or consist of
Ta205 formed on the substrate. 10 Fig. 5 depicts but one exenplary preferred
application in the fabrication of a substrate 50. Such conprises sone base
substrate material or materials 52 having a capacitor construction 54
formed thereon. Capacitor 54 includes first and second capacitor el ectrodes
56 and 58, respectively, having a capacitor dielectric region 75 sandw ched
15 therebetween. Sone or all of capacitor dielectric region 75 preferably
conpri ses Ta206 deposited by any of the above-described methods. Exenplary
reduction-to-practice capacitors fabricated in the above manners have shown
dielectric constants near 100, with | eakage in the high 10-6 anps/cn®
range. One exenplary. specific exanple utilized 1000 Angstrons



20 thick sputtered platinum capacitor el ectrodes having a capacitor
dielectric region consisting essentially of Ta206 deposited in accordance
with the above nmethod to a filmthickness of 390 Angstrons. Such a fil mwas
deposited using 1 second pul ses of TaF5 at 70C, 0.5 second pul ses of H20
vapor at 16C at 5 sccm 1 second argon purge pulses at 30 sccmand 3 25
seconds punping thereafter internediate the TaF5 and H2O pul ses, a
substrate tenperature of 250C, and 500 of each such cycles. The nateri al

had a dielectric constant of 45, and current |eakage was on the order of
10.8 anps/cnR2. An alternate exenplary and better-resulting product was
obtained 30 utilizing top and bottom &8M8 odes 500 Angstrons thick which
each conpri se¢habiscmmmediat i on of rhodi um and platinum The dielectric film
consi sted essentially of tantal um pentoxi de deposited to a filmthickness

of 1330 Angstrons. 1.The Ametbat of dsrmingl sSgO@mpridingslaped aclLib&ale; cartpriéd: and
0.2 secondg of H2Q,QlteAREh Sitistrit8 Wihin BRB6RloH cRaridtingl ons, with 1 35 second
argon purge pul ses a%i 30 _sccm acr;lud 3 seconds.@yng)i n thEreﬁe}élé? V\g ¢

2004/ 070078 PCT/ USIEY BY509P PRt RABRSPR P Patdoiha" ?[p"u?" Sato
Substrat e t entherdepogitionghamberguder capgitionp efeptiyeto dppsitaagdd corprigleg layRE®@Rduct ed
for 800 cycl eshecmbtrate] itiee conditigis deingreffeqiiiatcforvast I@ase d endjonity @flthe TG, theragonal
phase orient aij,aiind % OOWBH&{té&!lexQ%a%t@b@éﬁﬁﬁ%@eﬁ%ﬁ&.ant of about 100, and
current | ggkage was in 5 the high 10-5 anps/c range. CLAIMS Wat Is
claimed Is: 1. A nethod of form ng.a Ta205 conprising |ayer on a substrate,
conprising: 6 posfti or:ﬁhﬁd“eé“@uﬂs‘?ﬁj'ﬁﬂewﬂﬁ"f"i’lfw 29ieﬁ‘ifg'?"’(sl“éﬁa)@ﬁ!fn‘l?€l’s"§ﬂd _

f eedi ng gaseoustoprsubsiratrvuterswifaseivdiahds suysentiglticrytalingast one of H20 and 03 to
t he deposition chanber under conditions effective to deposit a Ta205

conprising layer og {hgeHtldtcRim i WPecMifd EdrdfSndSiriise tdeBinG T4 4n@ fOrm

at | east Q5 e tolre!astt %né) I.mf I-LBeanI%% gathg gego%lﬂon chamber at tha same time.

6. The method of claim 1 whereln the conditions comprise feeding TaFs and
at least one of HxO and O3 to the deposition chamber at diffarent respective times.

20 7. The method of claim 6 wherein the conditions are void of any inert purge
gas feeding to the chamber at any time intermediate said different respective times.

8. The method of claim & further comprising a period of time intermediate

said different respective times when no detectable gassous precursor is fed to the

25 chamber, an inert purge gas heing fed to the chamber during at ieast some of said
intermediate period of time.

Q. The method of claim 6 wherein some of the TaFs; and at least one of
the H,O and O5 feedings overlap in time.
a0
10. The mathod of claim 6 wherein nelther of the TaFs and at least one of
the H;0O and O, feedings overlap in time.

11. The method of clain 1 wherein the conditions comprise plasma
35 generation of at ieast one of the precursors,



crystalline in a 001 oriented hexagonal phase as initially deposited. 10 4.
The nmethod of claim 1l wherein the Ta205 conprising |layer is deposited onto
a substrate outer surface which is substantially crystalline. 5. The nethod
of claiml wherein the conditions conprise feeding TaF5 and 18 at |east one
of H20 and Ca to the deposition chanber at the same tine. 6. The nethod of
claiml wherein the conditions conprise feeding TaF5 and at |east one of
H20 and OGa to the deposition chanber at different respective tinmes. 20 7.
The nethod of claim6 wherein the conditions are void of any inert purge

gas feeding to the chanber at any tinme internediate said different
respective tinesi2.8. Thaegneteachofdcigim d1 sihemedy ther plasma cempatiosi isgvithinptbei od of
time interngghcakién criemipdr.di fferent respective tines when no detectable
gaseous precursor Is fed to the 25 chanber, an inert purge gas being fed to

t he chanber during at | east s of sai infernmedi ate period of tine. 9.
The method of cl¥md hmﬁ'@l"‘ RPQ%WBL&MH?M“?QES'“EHﬁ"eé?*“’f’éga?tmlﬁ‘f@’"btf'e the H20
and 03 féeddeppsitiovehamper.in tinme. 30 10. The nethod of claim6 wherein
neither of the TaFs and at |east one of the H20 and 03 feedings overlap In
time. 11. The nethod j rei i gl [ sma 35
generation of atH?e Tﬁgoﬁéﬂﬁno’k ﬁgﬂgr‘g(\:"&re;segiragfeo%g‘l.‘éul?ﬁgsa&%m%ﬁ?hg'jlngi m 11
wher ei n t he SpT182RE *HORBPEMPFITR is within the deposition chamber. 13. The
met hod of claim 11l wherein the plasnma generation is renote fromthe 5
deposi titon chanber.. IThe mhitbodref kisth af wikdrsin RO whraprises dnbeofcte abécdnsS ar e
void of pl agnRyrsgigneration of the precursors. 10 15. The nmethod of claim1l
wherei n H2O conprises one of the gaseous precursors.

16. The method of clalm 1 whereln Os comprises one of the gaseous

precursora.
15
17. The methad of claim 1 whereln the gasecous precursors comprise 3
combined feeding of O and O,
18. The method of claim 1 wherein the gaseous precursors comprise HyO
20 and O,
19, The method of clairn 18 wherein the conditions comprises a combined
feading of the H,O and the O,.
25 20.  The method of ¢laim 1 whergin the gaseous precursors comprise H,0, Oy,
and Oy,
21. Ths method of clalm 20 wherein the conditions comprises a comblned
feeding of the H 0O, the Oy and the O,.
34

22. The method of claim 1 wherein the conditions are vold of feeding any
detactable level of H; to the deposition chamber.
23. The methad of claim 1 whereln the conditions comprise a
35 substrate temperature of from about 200°C to about 400°C.



16. The method of claim| wherein Cb conprises one of the gaseous
precursors. 15 17. The nethod of claim|l wherein the gaseous precursors
conprise a conbined feeding of O and 2, 18. The nethod of claim 1l wherein
t he gaseous precursors conprise H2O 20 and O, 19. The nethod of claim 18
wherein the conditions conprises a conbined feeding of the H20 and the QO
25 20. The nethod of claiml wherein the gaseous precursors conprise H20,
0,, and Oz. 21. The nethod of claim 20 wherein the conditions conprises a
conbined feeding of the H2O the B and the 02. 30 22. The nmethod of claim
1 wherein the cordditi he reatody ol daiof 1f\Weukimdheeyndiibes eairgiibe d ewstratef H2 to

the depositi gmpeRfirdertonlabout350-0R dhadk @dbe¢l ai m | wherein the conditions
conprise a 35 substrate tenperature of from about 200C to about 4000C. 24.

The nethod of claiml| _wherein the conditions conprise a substrate

tenperature of frém aBButMSagoel cigimyJowherald dhe copditionp, gomprisp Ry cHIMRAr i m |
wher ei n the presmire ofdom abouh ¥ 4 ta abdubA®Fer. 5 pressure of fromabout | x 10'r
to about 10 Torr. 26. The method of claim| wherein the conditions conprise

a chamber —pressuyje Ofrhérnfghffﬁl%laimﬁ Jeﬁ’er%aﬂ atﬁ%%%édiﬂ%gp&'ﬁp isd a i%iwaml-:me met hod

of claim1l wherein the co QnsS conpris yer eposition. 3 28.
The met hod ofresgUs ehirpmghay i’ﬁ"ﬁ H@aE‘E}ﬁnE?F‘?’bns conpri se chemical vapor
deposition. 15

10 27. The method of claim 1 wherein the conditions comprise atomic layer

deposition.

. 28. The method of claim 1 wherein the conditlons comprise chamical vapor
deposition.
15
29, The method of claim 1 wherein the conditions comprise atomic layer
deposition for a period of time and chemical vapor deposition for another pariod of time.

30. The method of claim 1 comprising fabricating the layer as at least part of a
20  oapacitor dielectric region.

31. A method of forming a Ta;Os comprising fayer on a substrate, comprising:
positioning a substrate within a deposition chamber; and
fesding gaseous precursors comprising TaFs and H:O to the deposition chamber
25 under conditions effectiva to deposit a Te,0s comprising layer on the substrate having at
least a majority aof the TaxOg to be crystalline in a 001 oriented hexagonal phase as
initially deposited.

32. The method of claim 31 whereln the ¢onditions comprise feeding O; to the
30  deposition chamber.

33. The method of claim 31 whereln the conditions comprise feeding TaF;
and H;O to the deposition chamber at the same time.

35 34, The method of claim 31 whereln the conditions comprise feeding TaF;
and Hy0 to the deposition ¢chamber at different respective times.



29. The nethod of claim |l wherein the conditions conprise atom c |ayer
deposition for a period of tine and chem cal vapor deposition for another
period of tinme. 30- The nethod of claim|l conprising fabricating the |ayer
as at least part of a 20 capacitor dielectric region. 31. A nethod of

form ng a Ta206 conprising |layer on a substrate, conprising: positioning a
substrate within a deposition chanber; and feedi ng gaseous precursors
conprising TaFs and H2O to the deposition chanber 25 under conditions
effective to deposit a Te206 conprising |ayer on the substrate having at

| east a majority of the Ta2056 to be crystalline in a 001 oriented hexagonal
phase as initially deposited. 32. The nethod of claim 31 wherein the

c?nd: ti ong 1cahrmr i 52 f epdinidndd®r bidird DPwhedln dﬁg@ﬁ&ﬁd&m&h&@bﬁw iﬁ%- ut?aéet Lfet hod
of claim erel.n ondi NSy r eedi nd.. o the
deposition cﬁﬁ?’r%gém%{"qﬁ%éhag%ﬁ%tt% P’?rtérﬁggge r@%&atﬁ’ﬁég r?éq'igﬁ-cl);gég?ec@Yegﬁ'mrﬁ%Bl wher ein
the conditions conprise feeding TaFs and H20 to the deposition chanber at
di f f erent 8respect $&e tTheaneth®tof ciplte Sadirthed caiprisingianpa3idd \ih meiintertrigdiate

tC_Ondi fi ons aﬁs_ﬂnd\ﬁm‘éﬂer@freﬁi_&)tti\)eﬂmdts WiEndRo derRbtabis Gflisadlst ﬁ\'e&ﬁ?&:rcib&éﬁt)(ﬁf trdt any
ime Interne S [ r S ip\e e od..of claim
34 further cghrr%tr“?eeélir?{l 9‘39 élh%o%ao?é@i ergq% rﬁae?ﬁrée"g?gp géngggtl '3I%isfoﬁ‘§r£rft id
respective ti"‘ﬁ%g‘e%ﬁ@&’sﬂ fdmBet abl e gaseous precursor Is fed to the

chanber, an inert purge gas being fed to the chanber during at |east sone of
sai d i ntier nedi at 87. perihatndthod of @Rim 39 widrainTdomendt the0TaFy fand it HaCBréetilRr €i N
some of the Takdpaghd he H2O feedings overlap in tine. 38. The method of
claim 34 wherein neither of the TaFs and the HRO feedings overlap in tine.

16 39. The nethod of claim 31 wherein the conditions conpri sechI asma
generation of at $hastThefeetend of plaim3twharelp neither of the TaFs and the H;O feedings

overlap in time.
16
a8, The method of c¢laim 31 wherein the conditions comprise plasma
generation of at least one of the precursors.

40. Tha meathod of claim 39 wherein the plasma generation is within the
20  daposition chamber.

41.  The method of claim 32 whereln the plasma generation Is remote from the
deposition chamber.

25 42, The method of clalm 31 wheroln the conditions are void of plasma
generation of the precursors.

43, The method of clalm 31 wherein the canditions are vold of feeding any
detectable ievel of H; to the deposition chamber.
30
44, The method of claim 31 wheareln the conditions comprise a substrate
temperature of from about 200°C to about 400°C.

45, The method of claim 31 wherein the conditions comprise a substrate
35 temperature of from about 250°C to ahout 300°C,



40. The nethod of claim 39 wherein the plasma generation Is within the 20
deposi tion chanber. 41. The nethod of claim 39 wherein the plasma generation
is remote fromthe deposition chanber. 25 42. The nethod of claim 31
wherein the conditions are void of plasma generation of the precursors. 43.
The met hod of claim 31 wherein the conditions are void of feeding any
detectable level of H2 to the deposition chanber. 30 44. The nethod of claim
31 wherein the conditions conprise a substrate tenperature of from about
20000 to about 400C. 45. The nethod of claim 31 wherein the conditions
conprise a substrate 35 tenperature of from about 250C to about 300C. 46.
The met hod of cl a4ém 3 Thetresteddnoft dlaime 8haibisieisnthe cepmpitibnsecomprisand ehamimressur e

of from abouf,regw@afq m aubow” td@ndi@nbdTord 7. The net hod of claim 31 wherein
the conditions conprise a chanber 5 pressure of fromabout I x 1073 to

about 10 Torr. 4B._ The nmethod of claim 31 wherein the conditions conprise
atomc layer deftsiti'8f. m%@"h@f °'ﬁ*ﬁb3?n¥?'ﬁ'85' E‘F NGRS FORIISE &t FhATPRET

condi ti on® compsursel fiomeatiovhl *%ﬂelﬂb‘)\débw tion. 50. The nethod of claim31
wherein the conditions conprise atomc |ayer deposition for a period of

time and chemi cal 45/ 2P Ghe ot &l Gdim S whkiGh RS cmmonéi c%?ﬁéenaom.c%éyéil The

nmet hod of claim 1 conprising fabricating the layer as at least part of a
capaci tor di 83ROEYPT-¢ region. 52. An atomc |ayer deposition nethod of
formng a Ta; Oa conposing |layer on 20 a substrate, conprising: positioning
a substr#de w thi4s.a depositiadanceinadbenerein the conditions comprise chemical vapor

deposition.

50. The rmethod of claim 31 wherein the conditions comprise atomic layer
deposition for a period of time and chemical vapor daposition for another period of time.
15
51. The method of claim 31 comprising fabricaling the layer as at ieast part of
a capacitor diefectric reglon,

52, An atomic layer deposition method of forming a Ta;0Os compusing layar on
20  asubstrate, comprising:
positioning a substrate within a deposition chamber;
chemisorbing a firat species to form a first species monolayer onto the substrate
within the chamber from a gaseous first precursor comprising TaFs;
contacting the chemisorbed first species with a gaseous second precursor
26  comprising at least one of H;O and Q, to react with the first species to form a monalayer
comprising Ta and O; and
successively repeating said chemisorbing and contacting under conditions
effective to form a mass of material on the substrate comprising TazOs, the successively
repeating being effective to form at least a majority of the Ta;Os to be crystalline in a 001
30 oriented hexagonal phase as Initially deposited.

53, The method of claim 62 further comprising a perlod of time intermediate
said chemisorbing and contacting whereln no detectable gaseous precursor is fed to the
chamber.



chem sorbing a first species to forma first species nonol ayer onto the
substrate wthin the chanber froma gaseous first precursor conprising
ThFs; contacting the chem sorbed first species with a gaseous second
precursor 25 conprising at |east one of H20 and 03 to read with the first
species to forma nonol ayer conprising Ta and 0; and successively repeating
said chem sorbing and contacting under conditions effective to forma mass
of material on the substrate conprising Ta2Cc, the successively repeating
being effective to format |least a majority of the Taa03 to be crystalline
in a 001 30 oriem.ed Tnexegimeidf cdira$e farthet orbpriaing\a pkeiod F time int&Bedidtae et hod

OL clai mb52 EHHEHQﬁis?&H@éh@EMe@n@ﬁﬁér@fq n8luefebBBle igRE LT BFlicAsEr is feditdthe o
chem sorbing_and co [ rel egﬁgnl equ recur is fe
to the chanﬁ@ar"gmgé}‘s%%&fﬂ%e%%h%’lc'f{bo@gggg’?em ﬁrd ? ﬂ%r &c%%rsséfn°ggé'dperi od
of tine inteftredate Peddd f "Mer ni sorbi ng and contacting wherein no
det ect abl 8 gaseous precursor is fed to the chanber. an inert purge gas
being fed to the shanbme dethédgr afaink SaStheféhiRoMpositdhCof thetgaksmEisaédmaper i od

f time. 55 ' ' I f th
SECO:’lge prec Feggl?g%tﬁgﬁégbg%tggm%h@é mrﬁ‘é(t:e EE&IS‘Q\’&P%EQQEHLI ossi ® epoatin

anges at least o uring t successi vely repeating.

66. The nmethod of claim52 wherein the first species |Is fornmed continuously
10 over the subst#&t e. Themetiigeof piaih &8 vateralt thie frd 2péainst ib dermed epntinudualy at

| east af Hor sodhadubbii®e. successi vel y repeating, chem cal vapor depositing

Ta20b onto the mass of material using the first and second gaseous

precursors. 15 60.., The. et hod al.m. b2 wherein the Ta2 | s deppsited
onto a substrate 5_7dut :rrhes'n? '%flcg)c \?\ﬁlmclﬁg}f% se_fjﬁg'?%rl}lamganl 'ﬁasgraﬁf YR 8'28'861. The
net hod of cl &HGFesEvalydRPRatiag. cherpiral vAeer geprsiting TasPs apto the massef matpsialypsing

the first and second gaseous precursors.
15
60. The method of olaim 52 wherein the Ta:Q;s is deposited onto a substrate
outer sutface which Is substantiaily (;rystalﬂne.

61. The method of claim 52 comprising plasma generation of at least one of
20  the first and second precursors.

62. The method of claim 61 whereln the plasma generation is within the
deposition chamber.

25 63. The method of claim 61 whereln the plasma generation {s remote from the
deposition chamber.

84.  The method of claim 52 whereln the chemisorbing and the contacting are
void of plasma generation of the precursors,
30
65. The method of claim 52 whereln the gaseous second precursor
comprises H.0

66. The method of claim 52 Whereln the gasecus second precursor
35 comprises Q,.



20 the first and second precursors. 62. The nmethod of claim®61l wherein the
pl asma generation is wthin the deposition chanber. 25 63. The nethod of
claim 61l wherein the plasna generation is renote fromthe deposition
chanmber. 64. The nmethod of claim52 wherein the chem sorbing and the
contacting are void of plasma generation of the precursors, 30 65. The

met hod of claim52 wherein the gaseous second precursor conprises H20 66.
The net hod of clain152 wherein the gaseous second precursor 35 conprises O
67. The nethod of _¢la repn gous second precursor co i ses
both 03 and 02. 659 Th %@?‘ﬁh@é“"ﬁ '?Mé‘ﬁ%‘?‘ﬁ sPﬁ‘lé'P O PERAYRSE SR g‘%d
precursor comothi@eand . hoth 1120 and Ca. 69 The nmet hod of claim52 wherein
t he gaseous second precursor conprises all of H20, GCs, and 02 10 70. The

method of cl ai m 5ggwhef ﬂeth@of%ﬂﬁﬁ"sﬁ%é}biﬂGweagl;é@etﬁnﬂ%e%tp?&éu ise a
Substrate tegpQQ%#ﬁr% f from about 200C to out 400C. 71 The od of

clai m 52 ®hersf &cteni sor bi ng and the contacting conprise a substrate
tenperature of from about 250C to about 3000. 15 72. The nethod of claim 52
wher ei n t he chem $8r bi Tige raettiod dfelain A2 abdrein ¢he gasoqisisacord préraurdoeconpriesssur e of
from about | gfoif,0,i®, syt 10 Torr. 73. The nmethod of claim52 wherein the

chem sor bi ng and the contact i ng 20 conprise a chanber pressure of from

about | x 10" to_about 10 Torr. 74. The nethod of claim52 conprising
fabricatitflg the | &fer Hie Hethod ot clain 52 wierein, theashemisashing)iaad dhe F‘?"(‘f“’?"@gl on.

comptise a substrate tamperature of from abaut 200°C 10 about 400°C.
)
71. The method of claim 52 wherein tha chemisorbing and the contacting
comprise a substrate temperature of from about 250°C to about 300°C.
15
72. The method of claim 52 wherein the chemisorbing and the contacting
comprise a chamber pressure of from about 1 x 107 to about 10 Torr.

73. The method of claim 52 wherein the chemisorbing and the contacting
20 comprise a chamber presaure of from about 1 x 10” to about 10 Torr.

74. Tha method of clairn 52 comprising fabricating the layer as at least part of
a capacitor dielectric region.





