wo 2010/027669 A2 | I IO AT 0O OO A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

/25>, ) 0 O O 0 O
A () )

Wy

(19) World Intellectual Property Organization
International Bureau

i

(43) International Publication Date '_ (10) International Publication Number

11 March 2010 (11.03.2010) WO 2010/027669 A2

(51) International Patent Classification: [US/US]; 12881 Corte De Arguello, Saratoga, CA 95070
HOIL 21/205 (2006.01) (US). KIM, Steven, H. [US/US]; 4853 Mendota Street,
Union City, CA 94587 (US). WU, Dien-yeh [CN/US];

(21) International Application Number: 3625 Rowley Drive, San Jose, CA 95132 (US).

PCT/US2009/054321 NAKASHIMA, Norman, M. [US/US]; 481 Lincoln Av-

(22) Imternational Filing Date: enue, Sunnyvale, CA 94086 (US). JOHNSON, Mark

19 August 2009 (19.08.2009) [US/US]; 15207 Cooper Avenue, San Jose, CA 95124
. , (US). PALAKODETI, Roja [IN/US]; 3480 Granada Av-

(25) Filing Language: English enue, Santa Clara, CA 95051 (US).

(26) Publication Language: English (74) Agents: PATTERSON, B., Todd et al; Patterson &

(30) Priority Data: Sheridan, L.L.P., 3040 Post Oak Blvd., Suite 1500, Hous-
12/206,705 8 September 2008 (08.09.2008) Us ton, TX 77056-6582 (US).

(71) Applicant (for all designated States except US): AP- (81) Designated States (unless otherwise indicated, for every
PLIED MATERIALS, INC. [US/US]; 3050 Bowers Av- kind of national protection available). AE, AG, AL, AM,
enue, Santa Clara, CA 95054 (US). AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(72) Inventors; and DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(75) Inventors/Applicants (for US only): MA, Paul, F. [NZ/ HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
US]; 2181 Rancho Mccormick Blvd., Santa Clara, CA KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
95050 (US). AUBUCHON, Joseph, F. [US/US]; 280 El ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
Bosque Drive, San Jose, CA 95134 (US). CHANG, Mei NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

[Continued on next page]

(54) Title: IN-SITU CHAMBER TREATMENT AND DEPOSITION PROCESS

(57) Abstract: Embodiments of the invention provide a method for treating the in-

ner surfaces of a processing chamber and depositing a material on a during a vapor

100 deposition process, such as atomic layer deposition (ALD) or by chemical vapor

deposition (CVD). In one embodiment, the inner surfaces of the processing cham-

1027y ADJUST PROCESS ber and the substrate may be exposed to a reagent, such as a hydrogenated ligand
GHAMBER CONDITIONS . .

compound during a pretreatment process. The hydrogenated ligand compound may

l be the same ligand as a free ligand formed from the metal-organic precursor used

104 EXPOSE SUBSTRATE T0 during the subsequent deposmgn process. Tl.le. free ligand is usually formed by hy-

CARRIER GAS STREAM drogenation or thermolysis during the deposition process. In one example, the pro-

cessing chamber and substrate are exposed to an alkylamine compound (e.g.,

J dimethylamine) during the pretreatment process prior to conducting the vapor de-

PULSE CARRIER GAS position process which utilizes a metal-organic chemical precursor having alky-

106" s X Lo > .
Cgiﬁi%mg'émﬂ"%\bﬁg' lamino ligands, such as pentakis(dimethylamino) tantalum (PDMAT).

|

PULSE CARRIER GAS
STREAM WITH NITROGEN-
CONTAINING COMPOUND

10877

110

DESIRED ™\

TANTALUM NITRIDE ™

LAYER THICKNESS
ACHIEVED ?

112

FIG.1



WO 2010/027669 A2 I IO 0000 AT ERA AR OUL A

84)

SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2010/027669 PCT/US2009/054321

IN-SITU CHAMBER TREATMENT AND DEPOSITION PROCESS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the invention generally relate to semiconductor and other
electronic device processing, and more patticularly, to an improved method for
treating the surfaces of a processing chamber and a substrate therein prior to a

vapor deposition process.

Description of the Related Art

[0002] The electronic device industry and the semiconductor industry continue to
strive for larger production yields while increasing the uniformity of layers deposited
on substrates having increasingly larger surface areas. These same factors in
combination with new materials also provide higher integration of circuits per unit
area on the substrate. The need for greater uniformity, deposition rate, and process
control regarding layer characteristics rises as the desire for an increased circuit
integration. Formation of tantalum-containing layers, such as tantalum, tantalum
nitride, and tantalum silicon nitride, in multi-level integrated circuits poses many

challenges to process control, particularly with respect to contact formation.

[0003] Barrier layers formed from sputtered tantalum and reactive sputtered
tantalum nitride have demonstrated properties suitable for use to control copper
diffusion. Exemplary properties include high conductivity, high thermal stability and
resistance to diffusion of foreign atoms. Both physical vapor deposition (PVD) and
atomic layer deposition (ALD) processes are used to deposit tantalum or tantalum
nitride in features of small size (e.g., about 90 nm wide) and high aspect ratios of
about 5:1. However, it is believed that PVD processes may have reached a limit at

this size and aspect ratio, while ALD processes suffer other problems.

[0004] Common problems encountered during ALD processes include the lack of
stability for the deposition rate and the non-uniformity performance after multiple
runs are completed within the same ALD processing chamber. The aging of the the

processing chamber, including the process kit within, is a function of the deposition
1
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frequencey and the type of deposited film on the inner surfaces of the processing
chamber. The deposited film on the inner surfaces of the processing chamber
significantly affects the deposition characteristics of ALD processes due to
introduction of secondary reactions. The secondary reactions result in a drift of the
deposition rate and the non-uniformity performance with increasing number of
substrates processed within the ALD chamber. Also, deposited films on the inner
surfaces of the processing chamber may peel to form particulates, which end up

contaminating the substrate surface.

[0005] Therefore, there is a need for increasing the stability of the deposition rate
and the uniformity of deposited materials on a substrate during a vapor deposition
process, as well as a need to reduce or elimante contaminants within the processing

chamber.

SUMMARY OF THE INVENTION

[0006] In one embodiment, a method for treating a chamber and depositing a
material on a substrate surface is provided which includes exposing inner surfaces
of a processing chamber and a substrate disposed within the processing chamber to
a treatment gas containing a hydrogenated ligand compound during a pretreatment
process, and subsequently, exposing the substrate to a first precursor gas to deposit
a material on the substrate during a vapor deposition process. The substrate may
be sequentially or simultaneously exposed to the first precursor and at least a
second precursor gas during the vapor deposition process, such as an atomic layer

deposition (ALD) process or a chemical vapor deposition (CVD) process.

[0007] In many examples, the hydrogenated ligand compound within the
treatment gas has the chemical formula of HL, where L is a ligand such as
alkylamino, alkylimino, alkoxy, alkyl, alkene, alkyne, cyclopentadienyl,
alkylcyclopentadienyl, pentadienyl, pyrrolyl, or derivatives thereof. The first
precursor gas may contain a first precursor having the chemical formula of ML,
where x is 1, 2, 3, 4, 5, 6, or greater, M is an element such as Ti, Zr, Hf, Nb, Ta, Mo,
W, Ru, Co, Ni, Pd, Pt, Cu, Al, Ga, In, Si, Ge, Sn, P, As, or Sb, and each L' is
independently a ligand such as alkylamino, alkylimino, alkoxy, alkyl, alkene, alkyne,
2
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cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl, hydrogen, halogen,

derivatives thereof, or combinations thereof.

[0008] In some embodiments, the method provides that the vapor deposition
process is an ALD process and the substrate is sequentially exposed to the
alkylamino metal precursor gas and the second precursor gas during the ALD
process. In other embodiments, the vapor deposition process is a CVD process and
the substrate is simultaneously exposed to the alkylamino metal precursor gas and
the second precursor gas during the CVD process. In one example, a method for
treating a chamber and depositing a material on a substrate surface is provided
which includes exposing inner surfaces of a processing chamber and a substrate
within the processing chamber to a treatment gas containing an alkylamine
compound during a pretreatment process, and exposing the substrate sequentially
to an alkylamino metal precursor gas and at least a second precursor gas while
depositing a material on the substrate during an ALD process. In one example, the
second precursor gas contains a nitrogen precursor, such as ammonia, which is

used to deposit a metal nitride material, such as tantalum nitride.

[0009] In some examples, the treatment gas contains a hydrogenated ligand
compound, such as an alkylamine compound having the chemical formula of HoNR
or HNR'R", where each R, R', and R" is independently methyl, ethyl, propyl, butyl,
amyl, phenyl, aryl, isomers thereof, derivatives thereof, or combinations thereof.
The alkylamine compound may be methylamine, dimethylamine, ethylamine,
diethylamine,  methylethylamine,  propylamine, dipropylamine, butylamine,
dibutylamine, isomers thereof, derivatives thereof, or combinations thereof. The
treatment gas may further contain at least one carrier gas such as ammonia,
hydrogen, nitrogen, argon, helium, or combinations thereof. In one example the
treatment gas contains dimethylamine, ammonia, and another carrier gas, such as

argon.

[0010] In some embodiments, the alkylamino metal precursor gas contains an
alkylamino metal precursor having the chemical formula of ML'y, where x is 1, 2, 3,

4, 5, 6, or greater, M may be a metal or other element such as Ti, Zr, Hf, Ta, Mo, W,

3
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or Si, and each ligand L’ is independently a ligand, such as an alkylamino ligand,
which include N(CHg),, N(CsHs)2, N(CsHz)z, N(C4Hg)o, N(CH3)(CoHs), isomers
thereof, derivatives thereof, or combinations thereof. In some examples, the metal
or element M may be Si, Ti, Zr, or Hf while x is usually 4. In other examples, the
alkylamino metal precursor is a tantalum precursor with the metal M being Ta while
X is wusually 4 or 5. Examples of tantalum precursors include
pentakis(dimethylamino) tantalum (PDMAT), pentakis(diethylamino) tantalum,
pentakis(ethylmethylamino) tantalum, tert-butylimino tris(dimethylamino) tantalum,
tert-butylimino tris(diethylamino) tantalum, tert-butylimino tris(ethylmethylamino)
tantalum, tert-amylimino-tris(dimethylamino) tantalum, tert-amylimino-
tris(diethylamino) tantalum, tert-amylimino-tris(ethylmethylamino) tantalum, or
derivatives thereof. In one example, the tantalum precursor is PDMAT and the

alkylamine compound gas contains methylamine or dimethylamine.

[0011] In other examples, the hydrogenated ligand compound within the
treatment gas may be an alcohol compound having the chemical formula of ROH,
where R is methyl, ethyl, propyl, butyl, amyl, isomers thereof, or derivatives thereof.
The alcohol compound may be methanol, ethanol, propanol, butanol, pentanol,
isomers thereof, derivatives thereof, or combinations thereof. In examples that the
hydrogenated ligand compound is an alcohol, the first precursor may contain an
alkoxy ligand such as OCHg;, OC,Hs, OC3H7, OC4Hg, isomers thereof, or derivatives
thereof. In other examples, the ligand L of the hydrogenated ligand compound may
be cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl, isomers thereof, or
derivatives thereof and the ligand L' of the first precursor may be cyclopentadienyl,

alkylcyclopentadienyl, pentadienyl, pyrrolyl, isomers thereof, or derivatives thereof.

[0012] The processing chamber generally contains a lid assembly and a chamber
body, which may be independently heated to a temperature within a range from
about 30°C to about 100°C, preferably, from about 40°C to about 80°C, during the
pretreatment process. The inner surfaces of the lid assembly and the chamber body
may be exposed to the alkylamine compound gas during the pretreatment process.

The pretreatment process may last for a time period within a range from about 5
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seconds to about 60 seconds, preferably, from about 15 seconds to about 40

seconds, and more preferably, from about 10 seconds to about 30 seconds.

[0013] The treatment of the interior surfaces of the processing chamber during
the pretreatment process helps to increase the uniformity (or decrease the non-
uniformity) across the substrate surface of the deposited materials — as opposed to
not conducting the pretreatment process. The non-uniformity of the deposited
material across the substrate surface may be about 12% or less, preferably, about

10% or less, and more preferably, about 8% or less, for example, about 6% or less.

[0014] In one example, a method for treating a chamber and depositing a
material on a substrate surface is provided which includes exposing the inner
surfaces of a processing chamber and a substrate disposed within the processing
chamber to a carrier gas having a continuous flow, introducing a treatment gas
containing methylamine or dimethylamine to the continuously flowing carrier gas to
expose the inner surfaces of the processing chamber and the substrate to the
treatment gas during a pretreatment process. The method further provides
alternately or sequentially pulsing a tantalum precursor gas and a nitrogen precursor
gas into the continuously flowing carrier gas to sequentially expose the substrate to
the tantalum and nitrogen precursor gases while depositing a tantalum nitride
material on the substrate during an ALD process. In one example, the tantalum

precursor gas contains PDMAT and the nitrogen precursor gas contains ammonia.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that the manner in which the above recited features of the invention
can be understood in detail, a more particular description of the invention, briefly
summarized above, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of the invention and are therefore not to
be considered limiting of its scope, for the invention may admit to other equally

effective embodiments.

[0016] Figure 1 depicts a flow diagram showing a method for depositing a

tantalum nitride material in accordance with one embodiment described herein;

5



WO 2010/027669 PCT/US2009/054321

[0017] Figure 2 depicts a flow diagram showing a method for depositing a
tantalum nitride material in accordance with another embodiment described herein;

and

[0018] Figures 3A-3C depict a schematic cross-sectional view of a processing
chamber including a lid assembly and a gas delivery apparatus adapted for ALD as

described in another embodiment herein.

DETAILED DESCRIPTION

[0019] Embodiments of the invention provide a method for treating the inner
surfaces of a processing chamber in situ and depositing a material on a substrate
within the processing chamber during a vapor deposition process. The substrate
may be sequentially or simultaneously exposed to a first precursor and a second
precursor gas during the vapor deposition process, such as atomic layer deposition
(ALD) or by chemical vapor deposition (CVD). In one embodiment, the inner
surfaces of the processing chamber and the substrate may be exposed to a
treatment gas containing a reagent, such as a hydrogenated ligand compound
during a pretreatment process. The hydrogenated ligand compound may be the
same ligand as a free ligand formed from the metal-organic precursor used during
the subsequent vapor deposition process. The free ligand is usually formed by
hydrogenation or thermolysis during the deposition process. In one example, the
processing chamber and substrate are exposed to an alkylamine compound (e.g.,
dimethylamine) during a pretreatment process prior to conducting the vapor
deposition process which utilizes a metal-organic chemical precursor which may
have alkylamino ligands, such as pentakis(dimethylamino) tantalum (PDMAT,

((CHs)2N)sTa).

[0020] In many examples, the treatment gas contains a hydrogenated ligand
compound having the chemical formula of HL, where L is a ligand such as
alkylamino, alkylimino, alkoxy, alkyl, alkene, alkyne, cyclopentadienyl,
alkylcyclopentadienyl, pentadienyl, pyrrolyl, or derivatives thereof. The chemical
precursor gas contains a chemical precursor having the chemical formula of ML,

where xis 1, 2, 3, 4, 5, 6, or greater, M is an element such as Ti, Zr, Hf, Nb, Ta, Mo,
6
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W, Ru, Co, Ni, Pd, Pt, Cu, Al, Ga, In, Si, Ge, Sn, P, As, or Sb, and each L' is
independently a ligand such as alkylamino, alkylimino, alkoxy, alkyl, alkene, alkyne,
cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl, hydrogen, halogen,

derivatives thereof, or combinations thereof.

[0021] In some embodiments, the method provides that the vapor deposition
process is an ALD process and the substrate is sequentially exposed to the
alkylamino metal precursor gas and another chemical precursor gas during the ALD
process. In other embodiments, the vapor deposition process is a CVD process and
the substrate is simultaneously exposed to the alkylamino metal precursor gas and
another chemical precursor gas during the CVD process. In one example, the
method provides exposing inner surfaces of a processing chamber and a substrate
within the processing chamber to a treatment gas containing an alkylamine
compound during a pretreatment process, and exposing the substrate sequentially
to an alkylamino metal precursor gas and at least one additional chemical precursor
gas while depositing a material on the substrate during an ALD process. In one
example, the additional chemical precursor gas contains a nitrogen precursor, such
as ammonia, which is used to deposit a metal nitride material, such as tantalum

hitride.

[0022] In some examples, the treatment gas contains an alkylamine compound
having the chemical formula of HoNR or HNR'R", where each R, R', and R" is
independently methyl, ethyl, propyl, butyl, amyi, bhenyl, aryl, isomers thereof,
derivatives thereof, or combinations thereof. The alkylamine compound may be
methylamine, dimethylamine, ethylamine, diethylamine, methylethylamine,
propylamine, dipropylamine, butylamine, dibutylamine, isomers thereof, derivatives
thereof, or combinations thereof. The treatment gas may further contain at least one
carrier gas such as ammonia, hydrogen, nitrogen, argon, helium, or combinations
thereof. In one example the treatment gas contains dimethylamine, ammonia, and

another carrier gas, such as argon.

[0023] In some embodiments, the alkylamino metal precursor gas contains an

alkylamino metal precursor having the chemical formula of ML',, where x is 1, 2, 3,

7
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4, 5, 6, or greater, M may be a metal or other element such as Ti, Zr, Hf, Ta, Mo, W,
or Si, and each ligand L’ is independently a ligand, such as an alkylamino ligand,
which include N(CHzs)s, N(CzHs)o, N(CsH7)2, N(CsHs)s, N(CH3)(CoHs), isomers
thereof, derivatives thereof, or combinations thereof. In some examples, the metal
or the element M may be Si, Ti, Zr, or Hf while x is usually 4. In other examples, the
alkylamino metal precursor is a tantalum precursor with the metal M being Ta while
X is wusually 4 or 5. Examples of tantalum precursors include
pentakis(dimethylamino) tantalum, pentakis(diethylamino) tantalum,
pentakis(ethylmethylamino) tantalum, tert-butylimino tris(dimethylamino) tantalum,
tert-butylimino tris(diethylamino) tantalum, tert-butylimino tris(ethylmethylamino)
tantalum, tert-amylimino-tris(dimethylamino) tantalum, tert-amylimino-
tris(diethylamino) tantalum, tert-amylimino-tris(ethylmethylamino) tantalum, or
derivatives thereof. In one example, the tantalum precursor is PDMAT and the

alkylamine compound gas contains methylamine or dimethylamine.

[0024] In other examples, the hydrogenated ligand compound within the
treatment gas may be an alcohol compound having the chemical formula of ROH,
where R is methyl, ethyl, propyl, butyl, amyl, isomers thereof, or derivatives thereof.
The alcohol compound may be methanol, ethanol, propanol, butanol, pentanol,
isomers thereof, derivatives thereof, or combinations thereof. In examples that the
hydrogenated ligand compound is an alcohol, the chemical precursor may contain
an alkoxy ligand such as OCHj;, OC:Hs, OCsH;, OC4Hy, isomers thereof, or
derivatives thereof. In other examples, the ligand L of the hydrogenated ligand
compound may be cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl,
isomers thereof, or derivatives thereof and the ligand L' of the chemical precursor
may be cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl, isomers

thereof, or derivatives thereof.

[0025] The processing chamber generally contains a lid assembly and a chamber
body, which may be independently heated to a temperature within a range from
about 30°C to about 100°C, preferably, from about 40°C to about 80°C, during the
pretreatment process. The inner surfaces of the lid assembly and the chamber body

may be exposed to the alkylamine compound gas during the pretreatment process.
8
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The pretreatment process may last for a time period within a range from about 5
seconds to about 60 seconds, preferably, from about 15 seconds to about 40

seconds, and more preferably, from about 10 seconds to about 30 seconds.

[0026] In one example, a method for treating a chamber and depositing a
material on a substrate surface is provided which includes exposing the inner
surfaces of a processing chamber and a substrate disposed within the processing
chamber to a carrier gas having a continuous flow, introducing a treatment gas
containing methylamine or dimethylamine to the continuously flowing carrier gas to
expose the inner surfaces of the processing chamber and the substrate to the
treatment gas during a pretreatment process. The method further provides
alternately or sequentially pulsing a tantalum precursor gas and a nitrogen precursor
gas into the continuously flowing carrier gas to sequentially expose the substrate to
the tantalum and nitrogen precursor gases while depositing a tantalum nitride
material on the substrate during an ALD process. In one example, the tantalum

precursor gas contains PDMAT and the nitrogen precursor gas contains ammonia.

[0027] Figure 1 depicts a flowchart of sequences for ALD process 100 for
depositing a tantalum nitride material in accordance with one embodiment described
herein. ALD process 100 provides a constant flow of a carrier gas administered into
the processing chamber and exposed to a substrate therein. At step 102, the
processing chamber may be heated and pressurized to a predetermined
temperature and pressure. Also, the processing chamber and/or substrate may be
exposed to a pretreatment process during step 102. The pretreatment process
provides exposing the inner surfaces of the processing chamber and the substrate
to a treatment gas containing a hydrogenated ligand compound, preferably, an

alkylamine compound, such as methylamine, dimethylamine, or derivatives thereof.

[0028] The treatment gas containing the hydrogenated ligand compound may be
exposed to the inner surfaces of the processing chamber or the substrate with or
without a carrier gas. In many examples, the treatment gas contains at least one
carrier gas as well as the hydrogenated ligand compound. The carrier gas of the

treatment gas may be ammonia, argon, nitrogen, hydrogen, helium, or mixtures

9
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thereof. In an alternative embodiment, such as for forming oxides or other materials,

the carrier gas of the treatment gas may include oxygen, nitrous oxide, or air.

[0029] The processing chamber and the substrate may be exposed to the
treatment gas having a gas flow rate within a range from about 0.5 slm to about 20
slm, preferably, from about 1 slm to about 16 sim, and more preferably, from about 2
sim to about 8 sim, such as about 4 sim during step 102. The treatment gas may
formed by flowing the carrier gas through an ampoule or a bubbler containing the
hydrogenated ligand compound. Alternatively, the treatment gas may formed by co-
flowing the hydrogenated ligand compound with the carrier gas. The hydrogenated
ligand compound may have a gas flow rate within a range from about 5 sccm to
about 1,000 sccm, preferably, from about 25 sccm to about 500 sccm, and more
preferably, from about 50 sccm to about 150 sccm, such as about 100 sccm. In one
example, the treatment gas contains an alkylamine compound, such as
methylamine, dimethylamine, or derivatives thereof, as well as at least one carrier
gas. In one example, the treatment gas may contain dimethylamine with a flow rate
of about 100 sccm and argon with a flow rate of about 4 sim. In another example,
the treatment gas may contain dimethylamine with a flow rate of about 20 sccm,
ammonia with a flow rate of about 1 sIm, and argon with a flow rate of about 8 sim.
The processing chamber and/or substrate may be exposed to the treatment gas
containing the hydrogenated ligand or other reagent for a time period within a range
from about 2 seconds to about 120 seconds, preferably, from about 5 seconds to

about 60 seconds, for example, about 20 seconds or about 40 seconds.

[0030] During the pretreatment process and the deposition process, the
processing chamber and the substrate may be maintained approximately below a
thermal decomposition temperature of the selected chemical precursor, such as
PDMAT. An exemplary temperature of the processing chamber, the substrate,
and/or the substrate pedestal during the pretreatment process and the deposition
process may be within a range from about 100°C to about 500°C, preferably, from
about 200°C to about 400°C, and more preferably, from about 250°C to about
300°C. The processing chamber may contain a chamber body and a chamber lid,

which each may independently be heated to a temperature within a range from
10
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about 25°C to about 300°C, preferably, from about 30°C to about 100°C, and more
preferably, from about 40°C to about 80°C. The processing chamber may have an
internal pressure within a range from about 1 mTorr to about 100 Torr, preferably,
from about 1 Torr to about 50 Torr, and more preferably, from about 5 Torr to about

20 Torr, such as about 10 Torr.

[0031] The tantalum nitride layer formation is described as starting a stream of
carrier gas into the processing chamber and across the substrate in step 104. In
step 106, a pulse of tantalum precursor is administered into the processing
chamber. The tantalum precursor is pulsed into the stream of carrier gas. A
monolayer of a tantalum precursor is adsorbed on the substrate. The remaining
tantalum precursor may be removed by the flow of the purge gas and/or pull of a
vacuum system. The carrier gas is continuously exposed to the substrate and a
pulse of nitrogen precursor is added into the carrier gas during step 108. The
nitrogen precursor, such as ammonia, reacts with the adsorbed tantalum precursor
to form a tantalum nitride layer on the substrate. The remaining nitrogen precursor
and any by-products (e.g., organic compounds) may be removed by the flow of the
purge gas and/or pull of a vacuum system. At step 110, if the desired tantalum
nitride layer thickness is achieved, then the deposition process is ended at step 112.
However, multiple cycles of steps 104-110 are generally repeated before achieving
the desired tantalum nitride layer thickness. In one example, PDMAT and ammonia

are sequentially pulsed for 40 cycles to deposit a film with a thickness about 20 A.

[0032] Alternatively for process 100, the tantalum nitride layer formation may
start with the adsorption of a monolayer of a nitrogen precursor on the substrate
followed by a monolayer of the tantalum precursor. Furthermore, in other example,
a pump evacuation alone between pulses of reactant gases and/or purge gases may

be used to prevent mixing of the reactant gases.

[0033] The PDMAT precursor may be heated within an ampoule, a vaporizer, a
bubbler, or a similar container prior to flowing into an ALD processing chamber. The
PDMAT may be heated to a temperature at least 30°C, preferably within a range
from about 45°C to about 90°C, more preferably from about 50°C to about 80°C,

11
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such as about 73°C. The preheated PDMAT precursor is retained in the carrier gas
more thoroughly than if the PDMAT precursor was at room temperature (about
20°C). In order to heat the PDMAT precursor to a desired temperature, the
ampoule, delivery lines, and valves on the ampoule and/or delivery lines may each
be independently heated to a temperature within a range from about 25°C to about
300°C, preferably, from about 50°C to about 150°C, and more preferably, from
about 70°C to about 120°C. In one example, the sidewalls of the ampoule may be
heated to about 85°C, the delivery lines may be heated to about 100°C, and the

valves may be heated to about 95°C.

[0034] For clarity and ease of description, the method will be further described as
it relates to the deposition of a tantalum nitride barrier layer using an ALD process.
Pulses of a tantalum precursor or a tantalum-containing compound, such as PDMAT
may be introduced into the processing chamber. The tantalum precursor may be
provided with the aid of a carrier gas or purge gas, which includes, but is not limited
to, helium, argon, nitrogen, hydrogen, forming gas, or mixtures thereof. Pulses of a
nitrogen precursor or a nitrogen-containing compound, such as ammonia, are also
introduced into the processing chamber. A carrier gas may be used to deliver the
nitrogen precursor. In one aspect, the flow of purge gas may be continuously
provided by a gas sources (e.g., tank or in-house) to act as a purge gas between the
pulses of the tantalum precursor and of the nitrogen precursor and to act as a carrier
gas during the pulses of the tantalum precursor and the nitrogen precursor. In other
aspects, a pulse of purge gas may be provided after each pulse of the tantalum
precursor and each pulse the nitrogen precursor. Also, a constant purge or carrier
gas may be flowing through the processing chamber during each of the deposition

steps or half reactions.

[0035] In one example, the substrate may be heated to a temperature within a
range from about 250°C to about 300°C and the internal pressure of the chamber
may be within a range from about 5 Torr to about 15 Torr. The substrate may be
exposed to an argon carrier gas having a flow rate within a range from about 1,000
sccm to about 3,000 sccm, preferably about 1,500 sccm. A tantalum precursor gas

is formed by flowing the argon carrier gas through the ampoule of preheated
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PDMAT a rate from about 200 sccm to about 2,000 sccm, preferably about 500
sccm. The PDMAT is maintained at about 73°C. A process gas containing PDMAT
is administered to the substrate surface for a period of time within a range from
about 0.1 seconds to about 3.0 seconds, preferably, from about 0.5 seconds to

about 1.5 seconds, for example, about 1 second.

[0036] After the substrate is exposed to a pulse of PDMAT, the flow of argon
carrier gas may continue to purge for a period of time within a range from about 0.2
seconds to about 5.0 seconds, preferably, from about 0.25 seconds to about 1.5
seconds, for example, about 0.5 seconds. A vacuum system removes any
remaining PDMAT during this purge step. Subsequently, a pulse of a nitrogen-
containing process gas containing ammonia is administered to the substrate
surface. The process gas may include the nitrogen precursor in a carrier gas or may
be solely the nitrogen precursor. In one example, the process gas contains
ammonia and nitrogen. The process gas containing ammonia is delivered a rate
from about 1,000 sccm to about 3,000 sccm, preferably about 1,500 sccm and is
administered to the substrate surface for a period of time within a range from about
0.1 seconds to about 3.0 seconds, preferably, from about 0.5 seconds to about 1.5
seconds, fro example about 1 second. After the pulse of the process gas containing
ammonia, the flow of the argon carrier gas may continue for a period of time within a
range from about 0.2 seconds to about 5.0 seconds, preferably, from about 0.25
seconds to about 1.5 seconds, for example, about 0.5 seconds. The vacuum
system removes any remaining nitrogen precursor and/or any by-products formed

during the reaction.

[0037] The ALD cycle is repeated until a predetermined thickness of the
deposited material, such as tantalum nitride, is achieved, such as within a range
from about 5 A to about 200 A, preferably, from about 10 A to about 30 A, such as
about 20 A for a barrier layer. The treatment of the interior surfaces of the
processing chamber during the pretreatment process helps to increase the
uniformity (or decrease the non-uniformity) across the substrate surface of the
deposited materials — as opposed to not conducting the pretreatment process. The

non-uniformity of the deposited material across the substrate surface may be about
13
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12% or less, preferably, about 10% or less, and more preferably, about 8% or less,

for example, about 6% or less.

[0038] Figure 2 depicts a flowchart of sequences for ALD process 200 for
depositing a tantalum nitride material in accordance with one embodiment described
herein. ALD process 200 provides a constant flow of a carrier gas administered into
the processing chamber and exposed to a substrate therein. At step 202, the
processing chamber may be heated and pressurized to a predetermined
temperature and pressure. The processing chamber and/or substrate may be
exposed to a pretreatment process during step 202. The pretreatment process
provides exposing the inner surfaces of the processing chamber and the substrate
to a treatment gas containing a hydrogenated ligand compound, preferably, an

alkylamine compound, such as methylamine, dimethylamine, or derivatives thereof.

[0039] The treatment gas containing the hydrogenated ligand compound may be
exposed to the inner surfaces of the processing chamber or the substrate with or
without a carrier gas. In many examples, the treatment gas contains at least one
carrier gas as well as the hydrogenated ligand compound. The carrier gas of the
treatment gas may be ammonia, argon, nitrogen, hydrogen, helium, or mixtures
thereof. In an alternative embodiment, such as for forming oxides or other materials,

the carrier gas of the treatment gas may include oxygen, nitrous oxide, or air.

[0040] The processing chamber and the substrate may be exposed to the
treatment gas having a gas flow rate within a range from about 0.5 sim to about 20
slm, preferably, from about 1 sim to about 16 sIm, and more preferably, from about 2
sim to about 8 sim, such as about 4 sim during step 202. The treatment gas may
formed by flowing the carrier gas through an ampoule or a bubbler containing the
hydrogenated ligand compound. Alternatively, the treatment gas may formed by co-
flowing the hydrogenated ligand compound with the carrier gas. The hydrogenated
ligand compound may have a gas flow rate within a range from about 5 sccm to
about 1,000 sccm, preferably, from about 25 sccm to about 500 sccm, and more
preferably, from about 50 sccm to about 150 sccm, such as about 100 sccm. In one

example, the treatment gas contains an alkylamine compound, such as

14



WO 2010/027669 PCT/US2009/054321

methylamine, dimethylamine, or derivatives thereof, as well as at least one carrier
gas. In one example, the treatment gas may contain dimethylamine with a flow rate
of about 100 sccm and argon with a flow rate of about 4 sim. In another example,
the treatment gas may contain dimethylamine with a flow rate of about 20 sccm,
ammonia with a flow rate of about 1 sIm, and argon with a flow rate of about 8 sim.
The processing chamber and/or substrate may be exposed to the treatment gas
containing the hydrogenated ligand or other reagent for a time period within a range
from about 2 seconds to about 120 seconds, preferably, from about 5 seconds to

about 60 seconds, for example, about 20 seconds or about 40 seconds.

[0041] In one embodiment, a first pulse of purge gas is administered into the
processing chamber and across the substrate during step 204. A vacuum system
removes gases from the processing chamber during steps 204 and 208. During
step 206, the substrate is exposed to a pulse of the tantalum precursor. The
PDMAT adsorbs to the substrate forming a monolayer. A second pulse of purge gas
removes excess PDMAT and any gaseous contaminants during step 208. During
step 210, a nitrogen precursor is pulsed into the chamber and across the substrate.
The nitrogen precursor reacts with the adsorbed PDMAT to form a tantalum-
containing material, such as tantalum nitride. At step 212, if the desired tantalum
nitride layer thickness is achieved, then the deposition process is ended at step 214.
However, multiple cycles of steps 204-212 are generally repeated before achieving
the desired tantalum nitride layer thickness. In one example, PDMAT and ammonia

are sequentially pulsed for 20 cycles to deposit a film with a thickness about 10 A.

[0042] During the pretreatment process and the deposition process, the
processing chamber and the substrate may be maintained approximately below a
thermal decomposition temperature of the selected chemical precursor, such as
PDMAT. An exemplary temperature of the processing chamber, the substrate,
and/or the substrate pedestal during the pretreatment process and the deposition
process may be within a range from about 100°C to about 500°C, preferably, from
about 200°C to about 400°C, and more preferably, from about 250°C to about
300°C. The processing chamber may contain a chamber body and a chamber lid,

which each may independently be heated to a temperature within a range from
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about 25°C to about 300°C, preferably, from about 30°C to about 100°C, and more
preferably, from about 40°C to about 80°C. The processing chamber may have an
internal pressure within a range from about 1 mTorr to about 100 Torr, preferably,
from about 1 Torr to about 50 Torr, and more preferably, from about 5 Torr to about

20 Torr, such as about 10 Torr.

[0043] The tantalum precursor gas may be formed by flowing the argon carrier
gas through the ampoule of preheated PDMAT as described above. The substrate
may be exposed to the tantalum precursor gas containing PDMAT for a period of
time within a range from about 0.1 seconds to about 3.0 seconds, preferably, from
about 0.5 seconds to about 1.5 seconds, and more preferably about 1 second. After
the pulse of the tantalum precursor gas, a pulse of purge gas may be injected into
the processing chamber and the vacuum system removes the various gases from
the interior of the processing chamber for a time period within a range from about
0.2 seconds to about 5.0 seconds, preferably, from about 0.25 seconds to about 1.5
seconds, and more preferably, about 0.5 seconds. Subsequently, the substrate is
exposed to a pulse of a nitrogen precursor gas or a nitrogen-containing process gas
containing ammonia. The nitrogen precursor gas may include the nitrogen
precursor in a carrier gas or may be solely the nitrogen precursor. The nitrogen
precursor gas containing ammonia may be delivered at a rate from about 1,000
sccm to about 3,000 sccm, preferably about 1,500 sccm and exposed to the
substrate for a period of time within a range from about 0.1 seconds to about 3.0
seconds, preferably, from about 0.5 seconds to about 1.5 seconds, and more
preferably about 1 second. After the pulse of the nitrogen precursor gas, another
pulse of purge gas may be injected into the processing chamber and the vacuum
system removes the various gases from the interior of the processing chamber for a
time period within a range from about 0.2 seconds to about 5.0 seconds, preferably,
from about 0.25 seconds to about 1.5 seconds, and more preferably, about 0.5
seconds. The ALD cycle is repeated until a predetermined thickness of the
tantalum-containing layer, such as tantalum nitride, is achieved, such as within a
range from about 5 A to about 200 A, preferably, from about 10 A to about 30 A,
such as about 20 A.
16
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[0044] The time duration for each pulse of tantalum-containing gas, pulse of the
nitrogen-containing gas, and pulse of purge gas between pulses of the reactants are
variable and depend on the volume capacity of a deposition chamber employed as
well as a vacuum system coupled thereto. For example, (1) a lower chamber
pressure of a gas will require a longer pulse time; (2) a lower gas flow rate will
require a longer time for chamber pressure to rise and stabilize requiring a longer
pulse time; and (3) a large-volume chamber will take longer to fill, longer for
chamber pressure to stabilize thus requiring a longer pulse time. Similarly, time
between each pulse is also variable and depends on volume capacity of the
processing chamber as well as the vacuum system coupled thereto. In general, the
time duration of a pulse of the tantalum-containing gas or the nitrogen-containing
gas should be long enough for adsorption or reaction of a monolayer of the
compound. In one aspect, a pulse of a tantalum-containing gas may still be in the
chamber when a pulse of a nitrogen-containing gas enters. In general, the duration
of the purge gas and/or pump evacuation should be long enough to prevent the
pulses of the tantalum-containing gas and the nitrogen-containing gas from mixing

together in the reaction zone.

[0045] In another embodiment, the processing chamber may be exposed to a
treatment gas during a pretreatment process prior to forming other materials on the
substrate thereon. In one example, the hydrogenated ligand compound may be an
alkylamine compound, such as methylamine or dimethylamine, while PDMAT may
be used as a tantalum precursor to form other tantalum-containing material, such as
tantalum oxide, tantalum silicon nitride, tantalum boron nitride, tantalum
phosphorous nitride, tantalum oxynitride, or tantalum silicate. A more detailed
description of a process to form ternary or quaternary elemental tantalum-containing
materials is described in commonly assigned U.S. Pat. No. 7,081,271, which is

herein incorporated by reference in its entirety.

[0046] Processes 100 and 200 may be modified in order to obtain ternary
tantalum-containing materials. For example, a tantalum silicon nitride material may
be formed if the substrate is exposed to a pulse of a silicon precursor as an

additional step of the ALD cycle containing the pulses of the tantalum precursor gas
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and a nitrogen precursor. Similar, a tantalum oxynitride material may be formed if
the substrate is exposed to a pulse of an oxygen precursor as an additional step of
the ALD cycie containing the pulses of the tantalum precursor gas and a nitrogen
precursor. In another example, a tantalum silicate material may be formed if the
substrate is exposed to a pulse of the tantalum precursor gas, a pulse of a silicon
precursor, and a pulse of an oxygen precursor during the ALD cycle. In another
example, a tantalum oxide material may be formed if the substrate is exposed to a
pulse of the tantalum precursor gas and a pulse of an oxygen precursor during the
ALD cycle. In another example, a tantalum phosphorous nitride material may be
formed if the substrate is exposed to a puise of the tantalum precursor gas, a pulse
of a nitrogen precursor and a pulse of a phosphorous precursor (e.g., phosphine)
during the ALD cycle. In another example, a tantalum boron nitride material may be
formed if the substrate is exposed to a pulse of the tantalum precursor gas, a pulse
of a nitrogen precursor and a pulse of a boron precursor (e.g., diborane) during the

ALD cycle.

[0047] In one embodiment, tantalum nitride material may be formed or deposited
with the chemical formula TaNy, where x is within a range from about 0.4 to about
2.0. In some examples, the tantalum nitride materials may be formed with empirical
formulas of TaN, TaszNs, TasN, or TagNos;. The tantalum nitride materials may be
deposited as amorphous or crystalline materials. The ALD process provides
stoichiometric control during the deposition of the tantalum nitride materials. The
stoichiometry may be altered by various procedures following the deposition
process, such as when TazNs is thermally annealed to form TaN. The ratio of the
precursors may be altered during deposition to control the stoichiometry of the

tantalum nitride materials.

[0048] In the examples above, the various tantalum materials, such as tantalum
nitride, may be formed by ALD processes which utilize the tantalum precursor
PDMAT and the hydrogenated ligand compound dimethylamine. However, other
chemical precursors and hydrogenated ligand compounds are within the scope of

embodiments of the invention.
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[0049] An important characteristic for a chemical precursor used in a vapor
deposition process is to have a favorable vapor pressure. The chemical precursor
may have a gaseous state, a liquid state, or a solid state at ambient temperature
and/or pressure. However, within the vapor deposition system, precursors are
volatilized to a gas and delivered to the ALD or CVD processing chamber. The
chemical precursors are usually heated prior to being delivered into the processing

chamber.

[0050] Tantalum precursors may contain ligands such as alkylamino, alkylimino,
cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, alkyl, alkene, alkyne, alkoxyl,
isomers thereof, derivatives thereof, or combinations thereof. Alkylamino tantalum
compounds used as tantalum precursors include (RR'N)sTa, where each of R or R’
is independently hydrogen, methyl, ethyl, propyl, or butyl. Alkylimino tantalum
compounds used as tantalum precursors include (RN)(R’R”N)s;Ta, where each of R,

R’, or R” is independently hydrogen, methyl, ethyl, propyl, butyl, or pentyl (amyl).

[0051] Exemplary tantalum precursors include pentakis(dimethylamino) tantalum
(PDMAT, (MegN)sTa), pentakis(diethylamino) tantalum (PDEAT, (Et:N)sTa),
pentakis(ethylmethylamino) tantalum (PEMAT, (EtMeN)sTa), tent-butylimino
tris(dimethylamino)  tantalum  (TBTDMT, ('‘BuN)Ta(NMey)s), tert-butylimino
tris(diethylamino) tantalum (TBTDET, (‘BuN)Ta(NEty)s), tert-butylimino
tris(ethylmethylamino) tantalum (TBTEMT, ('BuN)Ta(NMeEt)s), tert-amylimino-
tris(dimethylamino) tantalum (TAIMATA, (‘AmyiN)Ta(NMey)s), tert-amylimino-
tris(diethylamino) tantalum ((‘AmyIN)Ta(NEty)a), tert-amylimino-
tris(ethylmethylamino)  tantalum  ((‘AmyIN)Ta(NEtMe)s),  bis(cyclopentadienyl)
tantalum trihydride (Cp.TaHs3), bis(methylcyclopentadienyl) tantalum trihydride
((MeCp).TaHs3), bis(pentamethylcyclopentadienyl) tantalum trihydride
((MesCp).,TaH3), tantalum methoxide ((MeO)sTa), tantalum ethoxide ((EtO)sTa),
tantalum propoxide ((PrO)sTa), tantalum butoxide ((BuO)sTa), isomers thereof, or

derivatives thereof.

[0052] “TAIMATA” is used herein to describe tertiaryamylimino-

tris(dimethylamino) tantalum with the chemical formula (‘AmyIN)Ta(NMe,)s, wherein

19



WO 2010/027669 PCT/US2009/054321

'Amyl is the tertiaryamyl (tert-amyl) group (CsHii— or CH3CH,C(CHs)—). In one
embodiment, a tantalum-containing gas may be formed by heating a liquid TAIMATA
precursor in a vaporizer, a bubbler or an ampoule to a temperature of at least 30°C,
preferably to a temperature within a range from about 50°C to about 80°C. A carrier
gas may be flown across or bubbled through the heated TAIMATA to form a

tantalum-containing gas.

[0053] Besides tantalum precursors, other chemical precursors may also be used
in vapor deposition processes, as described by embodiments herein. Exemplary
chemical precursors that may also be used in vapor deposition (e.g., ALD or CVD)
processes include titanium precursors, tungsten precursors, hafnium precursors,
zirconium precursors, aluminum precursors, cobalt precursors, ruthenium
precursors, copper precursors, silicon precursors, nitrogen precursors, oxygen
precursors, as well as other chemical precursors. Materials that may be formed or
deposited include a variety of metals, nitrides, oxides, silicides, including metallic
tantalum, tantalum nitride, tantalum oxide, tantalum oxynitride, tantalum silicide,
tantalum silicide nitride, metallic titanium, titanium nitride, titanium oxide, titanium
oxynitride, titanium silicide, titanium silicide nitride, metallic tungsten, tungsten
nitride, tungsten oxide, tungsten boronitride, tungsten silicide, tungsten silicide
nitride, tungsten boride, metallic hafnium, hafnium nitride, hafnium oxide, hafnium
oxynitride, hafnium silicide, hafnium silicon nitride, hafnium silicate, hafnium silicon
oxynitride, metallic zirconium, zirconium nitride, zirconium oxide, zirconium
oxynitride, zirconium silicide, zirconium silicon nitride, zirconium silicate, zirconium
silicon oxynitride, metallic aluminum, aluminum nitride, aluminum oxide, aluminum
oxynitride, aluminum silicide, aluminum silicon nitride, aluminum silicate, aluminum
silicon oxynitride, metallic cobalt, cobalt silicide, metallic ruthenium, metallic copper,

copper alloys, derivatives thereof, alloys thereof, or combinations thereof.

[0054] In another embodiment, the treatment gas contains a hydrogenated ligand
compound having the chemical formula of HL, where L is a ligand such as
alkylamino, alkylimino, alkoxy, alkyl, alkene, alkyne, cyclopentadienyl,
alkylcyclopentadienyl, pentadienyl, pyrrolyl, or derivatives thereof. In some

examples, such as when the metal precursor is an alkylamino metal precursor, the
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treatment gas contains a hydrogenated ligand compound which may be an
alkylamine compound having the chemical formula of H,NR or HNR'R", where each
R, R, and R" is independently methyl, ethyl, propyl, butyl, amyl, phenyl, aryl,
isomers thereof, derivatives thereof, or combinations thereof. The alkylamine
compound may be methylamine, dimethylamine, ethylamine, diethylamine,
methylethylamine, propylamine, dipropylamine, butylamine, dibutylamine, isomers
thereof, derivatives thereof, or combinations thereof. In some examples, the
treatment gas further contains at least one carrier gas such as ammonia, hydrogen,
nitrogen, argon, helium, or combinations thereof. In one example, the treatment gas

contains dimethylamine, ammonia, and another carrier gas, such as argon.

[0055] In other examples, the treatment gas contains a hydrogenated ligand
compound which may be an alcohol compound having the chemical formula of
ROH, where R is methyl, ethyl, propyl, butyl, amyl, isomers thereof, or derivatives
thereof. The alcohol compound may be methanol, ethanol, propanol, butanol,
pentanol, isomers thereof, derivatives thereof, or combinations thereof. In other
examples, the chemical precursor contains an alkoxy ligand such as OCHz, OC;Hs,

OC3H7, OC4Hg, isomers thereof, or derivatives thereof.

[0056] In other embodiments, the precursor gas contains a chemical precursor
having the chemical formula of ML';, where x is 1, 2, 3, 4, 5, 6, or greater, M is an
element such as Ti, Zr, Hf, Nb, Ta, Mo, W, Ru, Co, Ni, Pd, Pt, Cu, Al, Ga, In, Si, Ge,
Sn, P, As, or Sb, and each L' is independently a ligand such as alkylamino,
alkylimino, alkoxy, alkyl, alkene, alkyne, cyclopentadienyl, alkylcyclopentadienyl,
pentadienyl, pyrrolyl, hydrogen, halogen, derivatives thereof, or combinations

thereof.

[0057] In one embodiment, the ligand L of the hydrogenated ligand compound
may be cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl, isomers
thereof, or derivatives thereof and the ligand L' of the chemical precursor may be
cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl, isomers thereof, or

derivatives thereof.
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[0058] In some examples, the precursor gas contains the alkylamino metal
precursor gas contains an alkylamino metal precursor having the chemical formula
of MLy, where x is 1, 2, 3, 4, 5, 6, or greater, M may be a metal or other element
such as Ti, Zr, Hf, Ta, Mo, W, or Si, and each ligand L’ is independently a ligand,
such as an alkylamino ligand, which include N(CHa;)2, N(CoHs)o, N(CsH7)2, N(CaHo)o,
N(CH3)(C2oHs), isomers thereof, derivatives thereof, or combinations thereof. In
some examples, metal/element M may be Si, Ti, Zr, or Hf while x is usually 4. In
other examples, the alkylamino metal precursor is a tantalum precursor with metal M

being Ta while x is usually 4 or 5.

[0059] In other examples, the hydrogenated ligand compound may be an alcohol
compound having the chemical formula of ROH, where R is methyl, ethyl, propyl,
butyl, amyl, isomers thereof, or derivatives thereof. The alcohol compound may be
methanol, ethanol, propanol, butanol, pentanol, isomers thereof, derivatives thereof,
or combinations thereof. In other examples, the first precursor contains an alkoxy
ligand such as OCHjs;, OCoHs, OC3H;7, OC4Hyg, isomers thereof, or derivatives thereof.
In other examples, the ligand L of the hydrogenated ligand compound may be
cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl, isomers thereof, or
derivatives thereof and the ligand L' of the first precursor may be cyclopentadienyl,

alkylcyclopentadienyl, pentadienyl, pyrrolyl, isomers thereof, or derivatives thereof.

[0060] Titanium precursors useful for depositing materials as described herein
include tetrakis(dimethylamino) titanium (TDMAT), tetrakis(ethylmethylamino)
titanium (TEMAT), tetrakis(diethylamino) titanium (TDEAT), or derivatives thereof.

[0061] Tungsten precursors useful for depositing materials as described herein
include bis(tert-butylimino)-bis(dimethylamino) tungsten (('BuN),W(NMe,),), bis(tert-
butylimino)-bis(diethylamino)  tungsten  (('BuN);W(NEt,),), bis(tert-butylimino)-
bis(ethylmethylamino) tungsten (('BuN),W(NEtMe),), or derivatives thereof.

[0062] Hafnium alkylamino compounds useful as hafnium precursors include
(RR’N)4Hf, where each R and R’ is independently hydrogen, methyl, ethyl, propyl,
butyl, amyl, or isomers thereof. Hafnium precursors useful for depositing materials

as described herein include tetrakis(diethylamino) hafnium ((Et;N),Hf, TDEAH),
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tetrakis(dimethylamino) hafnium ((MexN)4Hf, TDMAH), tetrakis(ethylmethylamino)
hafnium ((EtMeN)sHf, TEMAH), hafnium tetramethoxide ((MeO)4Hf), hafnium
tetraethoxide ((EtO)4Hf), hafnium tetrapropoxide ((PrO)sHf), hafnium tetrabutoxide
((BuO)4Hf), isomers thereof, or derivatives thereof. Other hafnium precursors may
include hafnium chloride (HfCly), hafnium iodide (Hfly), (‘BuCsH4),HfCl,,
(CsHs)oHfCly,  (EtCsH4):HClo,  (MesCs)oHfCl,,  (MesCs)HICls,  (PrCsHa):HfCly,
(PrCsHa4)HICls, ('BuCsHa):HfMe,, (acac)sHf, (hfac),Hf, (tfac)sHf, (thd)sHf, (NOg)Hf,

or derivatives thereof.

[0063] Zirconium alkylamino compounds useful as zirconium precursors include
(RR’N)4Zr, where each R and R’ is independently hydrogen, methyl, ethyl, propyl,
butyl, amyl, or isomers thereof. Zirconium precursors useful for depositing materials
as described herein include tetrakis(diethylamino) zirconium ((EtoN)4Zr),
tetrakis(dimethylamino) zirconium ((MexN)sZr), tetrakis(ethylmethylamino) zirconium
((EtMeN)sZr), zirconium tetramethoxide ((MeQ),Zr), zirconium tetraethoxide
((EtO)4Zr), zirconium tetrapropoxide ((PrO)sZr), zirconium tetrabutoxide ((BuQ)4Zr),
isomers thereof, or derivatives thereof. Other zirconium precursors may include
zirconium chloride (ZrCly), zirconium iodide (Zrls), (‘BuCsH4)>ZrCl,, (CsHs)oZrCls,
(EtCsH4)2ZrCla,  (MesCs)2ZrCly,  (MesCs)ZrCls,  (PrCsHs)»ZrCly,  (PrCsHa)ZrCls,
(‘BuCsHy)2ZrMe,, (acac)sZr, (Zrac)sZr, (tfac)sZr, (thd)sZr, (NOs)aZr, or derivatives

thereof.

[0064] Aluminum precursors useful for depositing materials as described herein
include aluminum methoxide ((MeO)sAl), aluminum ethoxide ((EtO)zAl), aluminum

propoxide ((PrO)sAl), aluminum butoxide ((BuO)3Al), or derivatives thereof.

[0065] Silicon precursors useful for depositing materials as described herein
include silane compounds, alkylamino silane compounds, silanol, or alkoxysilane
compounds, as well as other silicon containing compounds. Alkylamino silane
compounds useful as silicon precursors include (RR'N)4,,SiH,, where R or R’ are
independently hydrogen, methyl, ethyl, propyl, butyl, amyl, isomers thereof, or
derivatives thereof and n is 0, 1, 2, or 3. Alkoxy silane compounds may be

described by the generic chemical formula (RO)4.,SiL,, where R is methyl, ethyl,
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propyl, butyl, amyl, isomers thereof, or derivatives thereof and L is H, OH, F, CI, Br,
I, methyl, ethyl, propyl, butyl, or mixtures thereof, and n is 0, 1, 2, or 3. Silicon
precursors may include tetrakis(dimethylamino) silane ((MeoN)4Si, DMAS),
tris(dimethylamino) silane ((MegN)sSiH, Tris-DMAS), bis(dimethylamino) silane
((Me2N)2SiHp), dimethylamino silane ((MesN)SiH3), tetrakis(diethylamino) silane
((Et2N)4Si)), tris(diethylamino) silane ((EtoN)3SiH), tetrakis(methylethylamino) silane
((MeEtN)4Si), tris(methylethylamino) silane ((MeEtN);SiH), tetramethoxysilane
((MeO)4Si), tetraethoxysilane ((EtO);Si), isomers thereof, derivatives thereof, or
combinations thereof. Other silicon precursors that may be used in vapor deposition
processes described herein include silane (SiH,), disilane (Si:Hg), tetrachlorosilane
(SiCls), hexachlorodisilane (Si,Cls), tetraisocyanate silane (Si(NCO),), trisocyanate

methylsilane (MeSi(NCO);), or derivatives thereof.

[0066] In another embodiment, a family of ruthenium precursors useful to form a
ruthenium material during the deposition process described herein includes pyrrolyl
ruthenium precursors. During a pretreatment process of the processing chamber
and/or the substrate, the hydrogenated ligand compound within the treatment gas
may be a hydrogenated pyrrolyl ligand, pyridine, or derivatives thereof. In one
example, a pyrrolyl ruthenium precursor contains ruthenium and at least one pyrrolyi
ligand or at least one pyrrolyl derivative ligand. A pyrrolyl ruthenium precursor may

have a pyrrolyl ligand, such as, for example:

where Rj, R, Rs, Rs, and Rs is each independently absent, hydrogen, an alkyl group
(e.g., methyl, ethyl, propyl, butyl, amyl, or higher), an amine group, an alkoxy group,
an alcohol group, an aryl group, another pyrrolyl group (e.g., 2,2-bipyrrolyl), a

pyrazole group, derivatives thereof, or combinations thereof. The pyrrolyl ligand
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may have any two or more of Ry, Rz, Rs, R4, and Rs connected together by a
chemical group. For example, R, and R; may be a portion of a ring structure such
as an indolyl group or derivative thereof. A pyrrolyl ruthenium precursor as used
herein refers to any chemical compound containing ruthenium and at least one
pyrrolyl ligand or at least one derivative of a pyrrolyl ligand. In some examples, a
pyrrolyl ruthenium precursor may include bis(tetramethylpyrrolyl) ruthenium, bis(2,5-
dimethylpyrrolyl) ruthenium, bis(2,5-diethylpyrrolyl) ruthenium, bis(tetraethylpyrrolyl)
ruthenium,  pentadienyl tetramethylpyrrolyl  ruthenium, pentadienyl 2,5-
dimethylpyrrolyl ruthenium, pentadienyl tetraethylpyrroly! ruthenium, pentadienyl 2,5-
diethylpyrrolyl  ruthenium, 1,3-dimethylpentadienyl pyrrolyl  ruthenium, 13-
diethylpentadienyl pyrrolyl ruthenium, methylcyclopentadienyl pyrrolyl ruthenium,
ethylcyclopentadienyl pyrrolyl ruthenium, 2-methylpyrrolyl pyrrolyl ruthenium, 2-

ethylpyrrolyl pyrrolyl ruthenium, or derivatives thereof.

[0067] A pyrrolyl ligand, as used herein, may be abbreviated by “py” and a
pyrrolyl derivative ligand may be abbreviated by “R-py.” Exemplary pyrrolyl
ruthenium precursors useful to form a ruthenium material during the deposition
process described herein include alkyl pyrrolyl ruthenium precursors (e.g., (Rx-
py)Ru), bis(pyrrolyl) ruthenium precursors (e.g., (py):Ru) and dienyl pyrrolyl
ruthenium precursors (e.g., (Cp)(py)Ru). Examples of alkyl pyrrolyl ruthenium
precursors include methylipyrrolyl ruthenium, ethylpyrrolyl ruthenium, propylpyrrolyl
ruthenium, dimethyipyrrolyl ruthenium, diethylpyrrolyl ruthenium, dipropylpyrrolyl
ruthenium, trimethylpyrrolyl ruthenium, triethylpyrrolyl ruthenium, tetramethylpyrrolyl
ruthenium, tetraethylpyrrolyl ruthenium, or derivatives thereof. Examples of
bis(pyrrolyl) ruthenium precursors include bis(pyrrolyl) ruthenium, bis(methylpyrrolyl)
ruthenium, bis(ethylpyrrolyl) ruthenium, bis(propylpyrrolyl) ruthenium,
bis(dimethylpyrrolyl) ruthenium, bis(diethylpyrrolyl) ruthenium, bis(dipropylpyrrolyl)
ruthenium,  bis(trimethylpyrrolyl)  ruthenium,  bis(triethylpyrrolyl)  ruthenium,
bis(tetramethylpyrrolyl) ruthenium, bis(tetraethylpyrrolyl) ruthenium, methylpyrrolyl
pyrrolyl ruthenium, ethylpyrrolyl pyrrolyl ruthenium, propylpyrrolyl pyrrolyl ruthenium,
dimethylpyrrolyl pyrrolyl ruthenium, diethylpyrrolyl pyrrolyl ruthenium, dipropylpyrrolyl
pyrrolyl ruthenium, trimethylpyrrolyl pyrrolyl ruthenium, triethylpyrrolyl pyrrolyl
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ruthenium, tetramethylpyrrolyl  pyrrolyl ruthenium, tetraethylpyrrolyl pyrrolyl

ruthenium, or derivatives thereof.

[o068] A dienyl pyrrolyl ruthenium precursor contains at least one dienyl ligand
and at least one pyrrolyl ligand. The dienyl ligand may contain a carbon backbone
with as little as four carbon atoms or as many as about ten carbon atoms,
preferably, about five or six. The dienyl ligand may have a ring structure (e.g.,
cyclopentadienyl) or may be an open alkyl chain (e.g., pentadienyl). Also, dienyl

ligand may contain no alkyl groups, one alkyl group, or many alkyl groups.

[0069] In one embodiment, the dienyl pyrrolyl ruthenium precursor contains a
pentadienyl ligand or an alkylpentadienyl ligand. Examples of pentadienyl pyrrolyl
ruthenium precursors include pentadienyl pyrrolyl ruthenium, pentadienyl
methylpyrrolyl  ruthenium, pentadienyl ethylpyrrolyl ruthenium, pentadienyl
propylpyrrolyl ruthenium, pentadienyl dimethylpyrrolyl ruthenium, pentadienyl
diethylpyrrolyl ruthenium, pentadienyl dipropylpyrrolyl ruthenium, pentadienyl
trimethylpyrrolyl ruthenium, pentadienyl triethylpyrrolyl ruthenium, pentadienyl
tetramethylpyrrolyl ruthenium, pentadienyl tetraethylpyrrolyl ruthenium, or derivatives
thereof. = Examples of alkylpentadienyl pyrrolyl ruthenium precursors include
alkylpentadienyl pyrrolyl ruthenium, alkylpentadienyl methylpyrrolyl ruthenium,
alkylpentadienyl ethylpyrrolyl ruthenium, alkylpentadienyl propylpyrrolyl ruthenium,
alkylpentadienyl  dimethylpyrrolyl  ruthenium, alkylpentadienyl diethylpyrrolyl
ruthenium,  alkylpentadienyl  dipropylpyrrolyl ruthenium, alkylpentadienyl
trimethylpyrrolyl ruthenium, alkylpentadienyl triethylpyrrolyl ruthenium,
alkylpentadienyl tetramethylpyrrolyl ruthenium, alkylpentadienyl tetraethylpyrrolyl

ruthenium, or derivatives thereof.

[0070] In another embodiment, the dienyl pyrrolyl ruthenium precursor contains a
cyclopentadienyl ligand or an alkylcyclopentadienyl ligand. Examples of
cyclopentadienyl pyrrolyl ruthenium precursors include cyclopentadienyl pyrrolyl
ruthenium, cyclopentadienyl methylpyrrolyl ruthenium, cyclopentadienyl ethylpyrrolyl
ruthenium, cyclopentadienyl propylpyrrolyl ruthenium, cyclopentadienyl

dimethylpyrrolyl ruthenium, cyclopentadienyl diethylpyrrolyl ruthenium,
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cyclopentadienyl dipropylpyrrolyl ruthenium, cyclopentadienyl trimethylpyrrolyl
ruthenium,  cyclopentadienyl  triethylpyrrolyl  ruthenium,  cyclopentadienyl
tetramethylpyrrolyl ruthenium, cyclopentadienyl tetraethylpyrrolyl ruthenium, or
derivatives thereof. Examples of alkylcyclopentadienyl! pyrrolyl ruthenium precursors
include alkylcyclopentadienyl pyrrolyl ruthenium, alkylcyclopentadienyl
methylpyrrolyl ruthenium, alkyicyclopentadienyl  ethylpyrrolyl ruthenium,
alkylcyclopentadienyl propyipyrrolyl ruthenium, alkylcyclopentadienyl
dimethylpyrrolyl  ruthenium, alkylcyclopentadienyl diethylpyrrolyl  ruthenium,
alkylcyclopentadienyl dipropylpyrrolyl ruthenium, alkylcyclopentadienyl
trimethylpyrrolyl  ruthenium, alkylcyclopentadienyl triethylpyrrolyl  ruthenium,
alkylcyclopentadienyl tetramethylpyrrolyl ruthenium, alkylcyclopentadienyl

tetraethylpyrrolyl ruthenium, or derivatives thereof.

[0071] In another embodiment, a ruthenium precursor may contain no pyrrolyl
figand or pyrrolyl derivative ligand, but instead, contains at least one open chain
dienyl ligand, such as CH,CRCHCRCH,, where R is independently an alkyl group or
hydrogen. A ruthenium precursor may have two open-chain dieny! ligands, such as
pentadienyl or heptadienyl. A bis(pentadienyl) ruthenium compound has a generic
chemical formula (CH,CRCHCRCH,).Ru, where R is independently an alkyl group
or hydrogen. Usually, R IS independently hydrogen, methyl, ethyl, propyl or butyl.
Therefore, ruthenium precursors may include bis(dialkylpentadienyl) ruthenium
compounds, bis(alkylpentadienyl) ruthenium compounds, bis(pentadienyl) ruthenium
compounds, or combinations thereof. Examples of ruthenium precursors include
bis(2,4-dimethylpentadienyl) ruthenium, bis(2,4-diethylpentadienyl) ruthenium,
bis(2,4-diisopropylpentadienyl) ruthenium, bis(2,4-ditertbutylpentadienyl) ruthenium,
bis(methylpentadienyl)ruthenium, bis(ethylpentadienyl) ruthenium,
bis(isopropylpentadienyl) ruthenium, bis(tertbutylpentadienyl) ruthenium, derivatives
thereof, or combinations thereof. In some embodiments, other ruthenium precursors
include tris(2,2,6,6-tetramethyl-3,5-heptanedionato) ruthenium, dicarbonyl
pentadienyl ruthenium, ruthenium acetyl acetonate, 2,4-dimethylpentadienyl
cyclopentadienyl  ruthenium, bis(2,2,6,6-tetramethyl-3,5-heptanedionato)  (1,5-
cyclooctadiene)  ruthenium,  2,4-dimethylpentadienyl  methylcyclopentadienyl
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ruthenium, 1,5-cyclooctadiene cyclopentadieny! ruthenium, 1,5-cyclooctadiene
methylcyclopentadienyl  ruthenium, 1,5-cyclooctadiene  ethylcyclopentadienyl
ruthenium,  2,4-dimethylpentadienyl  ethylcyclopentadienyl  ruthenium, 2,4-
dimethylpentadienyl isopropylcyclopentadienyl ruthenium, bis(N,N-dimethyl 1,3-
tetramethy! diiminato) 1,5-cyclooctadiene ruthenium, bis(N,N-dimethyl 1,3-dimethyl
diiminato) 1,5-cyclooctadiene ruthenium, bis(allyl) 1,5-cyclooctadiene ruthenium, n°-
CsHs 1,3-cyclohexadiene ruthenium, bis(1,1-dimethyl-2-aminoethoxylato) 1,5-
cyclooctadiene ruthenium, bis(1,1-dimethyl-2-aminoethylaminato) 1,5-
cyclooctadiene ruthenium, bis(cyclopentadienyl) ruthenium,
bis(methylcyclopentadienyl) ruthenium, bis(ethylcyclopentadienyl) ruthenium, and

bis(pentamethylcyclopentadienyl) ruthenium, or derivatives thereof.

[0072] Cobalt precursors useful for depositing materials as described herein
include cobalt carbonyl complexes, cobalt amidinates compounds, cobaltocene
compounds, cobalt dienyl complexes, cobalt nitrosyl complexes, derivatives thereof,
complexes thereof, plasma thereof, or combinations thereof. In some embodiments,
cobalt materials may be deposited by CVD and ALD processes further described in
commonly assigned U.S. Pat. Nos. 7,1164,846 and 7,404,985, which are herein

incorporated by reference.

[0073] In some embodiments, cobalt carbonyl compounds or complexes may be
utilized as cobalt precursors. Cobalt carbonyl compounds or complexes have the
general chemical formula (CO),Co,L,, where X may be 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
11,0r12, Ymaybe 1,2, 3,4,or5 and Zmay be 1, 2, 3,4, 5, 6, 7, or 8. The group
L is absent, one ligand or multiple ligands, that may be the same ligand or different
ligands, and include cyclopentadienyl, alkylcyclopentadienyl (e.g.,
methylcyclopentadienyl or pentamethylcyclopentadienyl), pentadienyl,
alkylpentadienyl, cyclobutadienyl, butadienyt, ethylene, allyl (or propylene), alkenes,
dialkenes, alkynes, acetylene, butylacetylene, nitrosyl, ammonia, or derivatives

thereof.

[0074] In one embodiment, dicobalt hexacarbonyl acetyl compounds may be

used to form cobalt materials (e.g., cobalt layer 220) during a deposition process.
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Dicobalt hexacarbony! acetyl compounds may have the chemical formula of
(CO)sCo2(RC=CR’), wherein R and R' are independently hydrogen, methyl, ethyl,
propyl, isopropyl, butyl, tertbutyl, penta, benzyl, aryl, isomers thereof, derivatives
thereof, or combinations thereof. In one example, dicobalt hexacarbonyl
butylacetylene (CCTBA, (CO)sCo,(HC=C'Bu)) is the cobalt precursor. Other

examples of dicobalt hexacarbonyl acetyl compounds include dicobait hexacarbonyl

methylbutylacetylene ((CO)sCo2(MeC=C'Bu)), dicobalt hexacarbonyl
phenylééetylene ((CO)eCox(HC=CPh)), hexacarbonyl methylphenylacetylene
((CO)sCo2(MeC=CPh)), dicobalt hexacarbonyl methylacetylene
((CO)eCoo(HC=CMe)), dicobalt hexacarbonyl dimethylacetylene

((CO)sCo2(MeC=CMe)), derivatives thereof, complexes thereof, plasmas thereof, or
combinations thereof. = Other exemplary cobalt carbonyl complexes include
cyclopentadienyl cobalt bis(carbonyl) (CpCo(CO),), tricarbonyl allyl cobalt
((CO)3Co(CH.CH=CHy,)), or derivatives thereof.

[0075] In another embodiment, cobalt amidinates or cobalt amino complexes
may be utilized as cobalt precursors. Cobalt amino complexes have the general
chemical formula (RR’N),Co, where X may be 1, 2, or 3, and R and R’ are
independently hydrogen, methyl, ethyl, propyl, butyl, alkyl, silyl, alkylsilyl, derivatives

thereof, or combinations thereof. Some exemplary cobalt amino complexes include

bis(di(butyldimethylsilylyamino) cobalt (((BuMe,Si)2N).Co),
bis(di(ethyldimethylsilyl)amino) cobalt (((EtMe2Si)2N)2Co),

bis(di(propyldimethylsilyl)amino) cobalt (((PrMe2Si)2N).Co),
bis(di(trimethylsilyl)amino) cobalt (((Me3Si).N).Co), tris(di(trimethylsilyllamino) cobalt
(((Me3Si)2N)sCo), or derivatives thereof.

[0076] Some exemplary cobalt precursors include methylcyclopentadienyl cobalt
bis(carbonyl)  (MeCpCo(CO),), ethyicyclopentadienyl cobalt bis(carbonyl)
(EtCpCo(CO),), pentamethyicyclopentadienyl cobalt bis(carbonyl) (MesCpCo(CO),),
dicobalt octa(carbonyl) (Cox(CO)g), nitrosyl cobalt tris(carbonyl) ((ON)Co(CO)a),
bis(cyclopentadienyl)  cobalt, (cyclopentadienyl) cobalt (cyclohexadienyl),
cyclopentadienyl cobalt (1,3-hexadienyl), (cyclobutadienyl) cobalt (cyclopentadienyl),

bis(methylcyclopentadienyl) cobalt, (cyclopentadienyl) cobalt (5-
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methylcyclopentadienyl), bis(ethylene) cobalt (pentamethyicyclopentadienyl), cobalt
tetracarbonyl iodide, cobalt tetracarbonyl trichlorosilane, carbonyl chloride
tris(trimethylphosphine) cobalt, cobalt tricarbonyl-hydrotributylphosphine, acetylene
dicobalt hexacarbonyl, acetylene dicobalt pentacarbonyl triethylphosphine,

derivatives thereof, complexes thereof, plasma thereof, or combinations thereof.

[0077] Nitrogen precursors may be used to deposit nitride or nitrogen-containing
materials. Nitrogen precursors useful for depositing materials as described herein
include ammonia (NHs), hydrazine (N2oH4), methyl hydrazine ((CH3)HNoH,), dimethyl
hydrazine ((CHs)oN2Hp), t-butylhydrazine (C4HgN2H3), phenylhydrazine (CeHsNoHs),
other hydrazine derivatives, amines, a nitrogen plasma source (e.g., N2, atomic-N,
No/H,, NHg, or a NyH4 plasma), 2,2’-azotertbutane ((CH3)sC2Ny), organic or alkyl
azides, such as methylazide (CH3N3), ethylazide (C,HsN3), trimethylsilylazide
(Me3SiNg), inorganic azides (e.g., NaNs or Cp,CoN3) and other suitable nitrogen
sources. Radical nitrogen compounds, such as N3, No, N, NH, or NH,, may be
produced by heat, hot-wires, in situ plasma, or remote plasma. In one example, the
nitrogen precursor is ammonia. In another example, the nitrogen precursor contains

a nitrogen plasma formed in situ or by a remote plasma system.

[0078] Other reactive gases that may be used to deposit various materials,
include tantalum nitride, tantalum-containing materials include oxygen sources and
reductants. A tantalum-containing material, such as tantalum silicate, tantalum
oxide, or tantalum oxynitride may be formed with the addition of an oxygen source to
the vapor deposition (e.g., ALD or CVD) process. Oxygen sources or oxygen
precursors include atomic-O, O,, Oz, H.O, H,O,, organic peroxides, derivatives
thereof, or combinations thereof. Reducing compounds may be included in the
vapor deposition process to form a tantalum precursor, such as metallic tantalum,
tantalum boron nitride or tantalum phosphorous nitride. Reducing compounds
include borane (BHj), diborane (B2Hg), alkylboranes (e.g., EtsB), phosphine (PHj3),

hydrogen (H,), derivatives thereof, or combinations thereof.

[0079] A detailed description for a processing chamber, such as an ALD

chamber, is described in commonly assigned U.S. Pat. No. 6,916,398, and U.S. Ser.
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No. 10/281,079, filed October 25, 2002, and published as U.S. Pub. No. 20083-
0121608, which are herein incorporated by reference in their entirety. In one
embodiment, a plasma-enhanced ALD (PE-ALD) process is used to deposit
tantalum materials. A chamber and process to perform PE-ALD is further described
in commonly assigned U.S. Pat. No. 6,998,014, which is herein incorporated by
reference in its entirety. A detailed description for a vaporizer or an ampoule to pre-
heat precursors, such as PDMAT or TAIMATA, is described in commonly assigned
U.S. Pat. Nos. 6,915,592 and 7,186,385, which are herein incorporated by reference
in their entirety. A detailed description for a system to deliver the precursors, such
as PDMAT or TAIMATA, to processing chamber is described in commonly assigned
U.S. Pat. No. 6,955,211, and U.S. Ser. No. 10/700,328, filed November 3, 2003, and
published as U.S. Pub. No. 2005-0095859, which are herein incorporated by

reference in their entirety.
Coverage-Diverge Lid Assembly

[0080] Figures 3A-3C are schematic views of processing chamber 1100 including
gas delivery system 1130 adapted for ALD processes, as described in embodiments
herein. Processing chamber 1100 contains a chamber body 1102 having sidewalls
1104 and bottom 1106. Slit valve 1108 in processing chamber 1100 provides
access for a robot (not shown) to deliver and retrieve substrate 1110, such as a 200
mm or 300 mm semiconductor wafer or a glass substrate, to and from processing
chamber 1100. A detailed disclosure of processing chambers that may be used with
the pretreatment processes and the deposition processes described herein may be
found in commonly assigned U.S. Pat. Nos. 6,916,398 and 7,204,886, and U.S. Ser.
No. 11/923,583, filed October 24, 2007, and published as U.S. Pub. No. 2008-

0102208, which are herein incorporated by reference in their entirety.

[0081] Substrate support 1112 supports substrate 1110 on substrate receiving
surface 1111 in processing chamber 1100. Substrate support 1112 is mounted to lift
motor 1114 for raising and lowering substrate support 1112 and substrate 1110
disposed thereon. Lift plate 1116 connected to lift motor 1118 is mounted in

processing chamber 1100 and raises and lowers lift pins 1120 movably disposed
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through substrate support 1112. Lift pins 1120 raise and lower substrate 1110 over
the surface of substrate support 1112. Substrate support 1112 may include a
vacuum chuck (not shown), an electrostatic chuck (not shown), or a clamp ring (not
shown) for securing substrate 1110 to substrate support 1112 during a deposition

process.

[0082] The temperature of substrate support 1112 may be adjusted to control the
temperature of substrate 1110 disposed thereon. For example, substrate support
1112 may be heated using an embedded heating element, such as a resistive
heater (not shown), or may be heated using radiant heat, such as heating lamps (not
shown) disposed above substrate support 1112. Purge ring 1122 may be disposed
on substrate support 1112 to define purge channel 1124 which provides a purge gas

to a peripheral portion of substrate 1110 to prevent deposition thereon.

[0083] Gas delivery system 1130 is disposed at an upper portion of chamber
body 1102 to provide a gas, such as a process gas and/or a purge gas, to
processing chamber 1100. Figures 3A-3C depict gas delivery system 1130
configured to expose substrate 1110 to at least two gas sources or chemical
precursors. In other examples, gas delivery system 1130 may be reconfigured to
expose substrate 1110 to a single gas source or to three or more gas sources or
chemical precursors. Vacuum system 1178 is in communication with pumping
channel 1179 to evacuate any desired gases from processing chamber 1100 and to
help maintain a desired pressure or a desired pressure range inside pumping zone

1166 of processing chamber 1100.

[0084] In one embodiment, gas delivery system 1130 contains chamber lid
assembly 1132 having gas dispersing channel 1128 extending through a central
portion of chamber lid assembly 1132. Gas dispersing channel 1128 extends
perpendicular to substrate receiving surface 1111 and also extends along central
axis 1133 of gas dispersing channel 1128, through lid plate 1170, and to lower
surface 1160. Converging channel 1134a is a portion of gas dispersing channel
1128 that tapers towards central axis 1133 within upper portion 1137 of gas

dispersing channel 1128. Diverging channel 1134b is a portion of gas dispersing
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channel 1128 that tapers away from central axis 1133 within lower portion 1135 of
gas dispersing channel 1128. Throttle 1131 is a narrow passage separating
converging channel 1134a and diverging channel 1134b. Gas dispersing channel
1128 further extends pass lower surface 1160 and into reaction zone 1164. Lower
surface 1160 extends from diverging channel 1134 to choke 1162. Lower surface
1160 is sized and shaped to substantially cover substrate 1110 disposed on

substrate receiving surface 1111 of substrate support 1112.

[0085] Processes gases, as circular gas flow 1174, are forced to make more
revolutions around central axis 1133 of gas dispersing channel 1128 while passing
through throttle 1131, than in similarly configured processing chamber in the
absence of throttle 1131. Circular gas flow 1174 may contain a flow pattern, such as
a vortex pattern, a helix pattern, a spiral pattern, a twirl pattern, a twist pattern, a coil
pattern, a whirlpool pattern, or derivatives thereof. Circular gas flow 1174 may
extend at least about 1 revolution around central axis 1133 of gas dispersing
channel 1128, preferably, at least about 1.5 revolutions, more preferably, at least
about 2 revolutions, more preferably, at least about 3 revolutions, and more

preferably, about 4 revolutions or more.

[0086] Gas dispersing channel 1128 has gas inlets 1136a, 1136b to provide gas
flows from two similar pairs of valves 1142a/1152a, 1142b/1152b, which may be
provided together and/or separately. In one configuration, valve 1142a and valve
1142b are coupled to separate reactant gas sources but are preferably coupled to
the same purge gas source. For example, valve 1142a is coupled to reactant gas
source 1138 and valve 1142b is coupled to reactant gas source 1139, and both
valves 1142a, 1142b are coupled to purge gas source 1140. Each valve 11423,
1142b includes delivery line 1143a, 1143b having valve seat assembly 1144a,
1144b and each valve 1152a, 1152b includes purge line 1145a, 1145b having valve
seat assembly 1146a, 1146b. Delivery line 1143a, 1143b is in fluid communication
with reactant gas source 1138, 1143 and is in fluid communication with gas inlet
1136a, 1136b of gas dispersing channel 1128. Valve seat assembly 1144a, 1144b
of the delivery line 1143a, 1143b controls the flow of the reactant gas from reactant

gas source 1138, 1143 to gas dispersing channel 1128. Purge line 1145a, 1145b is
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in fluid communication with purge gas source 1140 and intersects delivery line
1143a, 1143b downstream of valve seat assembly 1144a, 1144b of delivery line
1143a, 1143b. Valve seat assembly 1146a, 1146b of purge line 1145a, 1145b
controls the flow of the purge gas from purge gas source 1140 to gas dispersing
channel 1128. If a carrier gas is used to deliver reactant gases from reactant gas
source 1138, 1143, the same gas may be used as the carrier gas and the purge gas

(e.g., argon used as a carrier gas and a purge gas).

[0087] Each valve seat assembly 1144a, 1144b, 1146a, 1146b may contain a
diaphragm (not shown) and a valve seat (not shown). The diaphragm may be
biased open or closed and may be actuated closed or open respectively. The
diaphragms may be pneumatically actuated or may be electrically actuated.
Pneumatically actuated valves include pneumatically actuated valves available from
Fujikin, Inc. and Veriflo Division, Parker Hannifin, Corp. Electrically actuated valves
include electrically actuated valves available from Fuijikin, Inc. For example, an ALD
valve that may be used is the Fujikin Model No. FPR-UDDFAT-21-6.35-PI-ASN or
the Fujikin Model No. FPR-NHDT-21-6.35-PA-AYT. Programmable logic controllers
1148a, 1148b may be coupled to valves 1142a, 1142b to control actuation of the
diaphragms of valve seat assemblies 1144a, 1144b, 1146a, 1146b of valves 1142a,
1142b. Pneumatically actuated valves may provide pulses of gases in time periods
as low as about 0.020 seconds. Electrically actuated valves may provide pulses of
gases in time periods as low as about 0.005 seconds. An electrically actuated valve
typically requires the use of a driver coupled between the valve and the

programmable logic controller.

[0088] Each valve 1142a, 1142b may be a zero dead volume valve to enable
flushing of a reactant gas from delivery line 1143a, 1143b when valve seat assembly
1144a, 1144b is closed. For example, purge line 1145a, 1145b may be positioned
adjacent valve seat assembly 1144a, 1144b of delivery line 1143a, 1143b. When
valve seat assembly 1144a, 1144b is closed, purge line 1145a, 1145b may provide
a purge gas to flush delivery line 1143a, 1143b. In one embodiment, purge line
1145a, 1145b is positioned slightly spaced from valve seat assembly 1144a, 1144b

of delivery line 1143a, 1143b so that a purge gas is not directly delivered into valve
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seat assembly 1144a, 1144b when open. A zero dead volume valve as used herein
is defined as a valve which has negligible dead volume (e.g., not necessary zero

dead volume).

[0089] Each valve pair 1142a/1152a, 1142b/1152b may be adapted to provide a
combined gas flow and/or separate gas flows of the reactant gas and the purge gas.
In reference to valve pair 1142a/1152a, one example of a combined gas flow of the
reactant gas and the purge gas includes a continuous flow of a purge gas from
purge gas source 1140 through purge line 1145a and pulses of a reactant gas from
reactant gas source 1138 through delivery line 1143a. The continuous flow of the
purge gas may be provided by leaving the diaphragm of valve seat assembly 1146a
of purge line 1145a open. The pulses of the reactant gas from reactant gas source
1138 may be provided by opening and closing the diaphragm of valve seat
assembly 1144a of delivery line 1143a. In reference to valve pair 1142a/1152a, one
example of separate gas flows of the reactant gas and the purge gas includes
pulses of a purge gas from purge gas source 1140 through purge line 1145a and
pulses of a reactant gas from reactant gas source 1138 through delivery line 1143a.
The pulses of the purge gas may be provided by opening and closing the diaphragm
of valve seat assembly 1146a of purge line 1145a. The pulses of the reactant gas
from reactant gas source 1138 may be provided by opening and closing the

diaphragm of valve seat assembly 1144a of delivery line 1143a.

[0090] Delivery lines 1143a, 1143b of valves 1142a, 1142b may be coupled to
gas inlets 1136a, 1136b through gas conduits 1150a, 1150b. Gas conduits 1150a,
1150b may be integrated or may be separate from valves 1142a, 1142b. In one
aspect, valves 1142a, 1142b are coupled in close proximity to gas dispersing
channel 1128 to reduce any unnecessary volume of delivery line 1143a, 1143b and
gas conduits 1150a, 1150b between valves 1142a, 1142b and gas inlets 1136a,
1136b.

[0091] Figure 3C depicts each gas conduit 1150a and 1150b and gas inlet 1136a
and 1136b positioned in a variety of angles in relationship to central axis 1133 of gas

dispersing channel 1128. Each gas conduit 1150a, 1150b and gas inlet 1136a,
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1136b are preferably positioned normal (in which +B, — = 90°) to central axis 1133
or positioned at an angle + or an angle — (in which 0° < + < 90° or 0° < —8 < 90°)
from center lines 1176a and 1176b of gas conduit 1150a, 1150b to central axis
1133. Therefore, gas conduit 1150a, 1150b may be positioned horizontally normal
to central axis 1133 and, may be angled downwardly at an angle +8, or may be
angled upwardly at an angle — to provide a gas flow towards the walls of gas
dispersing channel 1128 rather than directly downward towards substrate 1110
which helps reduce the likelihood of blowing off reactants adsorbed on the surface of
substrate 1110. In addition, the diameter of gas conduits 1150a, 1150b may be
increasing from delivery lines 1143a, 1143b of valves 1142a, 1142b to gas inlet
1136a, 1136b to help reduce the velocity of the gas flow prior to its entry into gas
dispersing channel 1128. For example, gas conduits 1150a, 1150b may contain an
inner diameter which is gradually increasing or may contain a plurality of connected

conduits having increasing inner diameters.

[0092] Figure 3C depicts gas dispersing channel 1128 containing an inner
diameter which decreases within converging channel 1134a from upper portion
1137, along central axis 1133, to throttle 1131. Also, gas dispersing channel 1128
contains an inner diameter which increases within diverging channel 1134b from
throttle 1131, along central axis 1133, to lower portion 1135 adjacent lower surface
1160 of chamber lid assembly 1132. In one example, processing chamber 1100
adapted to process 100 mm diameter substrates may have the following diameters.
The diameter at upper portion 1137 of gas dispersing channel 1128 may be within a
range from about 0.5 inches to about 2 inches, preferably, from about 0.75 inches to
about 1.5 inches, and more preferably, from 0.8 inches to about 1.2 inches, for
example, about 1 inch. The diameter at throttle 1131 of gas dispersing channel
1128 may be within a range from about 0.1 inches to about 1.5 inches, preferably,
from about 0.3 inches to about 0.9 inches, and more preferably, from 0.5 inches to
about 0.8 inches, for example, about 0.66 inches. The diameter at lower portion
1135 of gas dispersing channel 1128 may be within a range from about 0.5 inches to
about 2 inches, preferably, from about 0.75 inches to about 1.5 inches, and more

preferably, from 0.8 inches to about 1.2 inches, for example, about 1 inch.
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[0093] In general, the above dimension apply to gas dispersing channel 1128
adapted to provide a total gas flow rate within a range from about 500 sccm to about
20 slm. In other specific embodiments, the dimension may be altered to
accommodate a certain gas flow therethrough. in general, a larger gas flow will

require a larger diameter of gas dispersing channel 1128.

[0094] Not wishing to be bound by theory, it is believed that the diameter of gas
dispersing channel 1128, which is gradually decreasing from upper portion 1137 of
gas dispersing channel 1128 to throttle 1131 and increasing from throttle 1131 to
lower portion 1135 of gas dispersing channel 1128, allows less of an adiabatic
expansion of a gas through gas dispersing channel 1128 which helps to control the
temperature of the process gas contained in circular gas flow 1174. For instance, a
sudden adiabatic expansion of a gas delivered through gas inlet 1136a, 1136b into
gas dispersing channel 1128 may result in a drop in the temperature of the gas
which may cause condensation of the gas and formation of droplets. On the other
hand, gas dispersing channel 1128 that gradually tapers is believed to provide less
of an adiabatic expansion of a gas. Therefore, more heat may be transferred to or
from the gas, and, thus, the temperature of the gas may be more easily controlled by
controlling the surrounding temperature of the gas (e.g., controlling the temperature
of chamber lid assembly 1132). Gas dispersing channel 1128 may gradually taper
and contain one or more tapered inner surfaces, such as a tapered straight surface,
a concave surface, a convex surface, or combinations thereof or may contain
sections of one or more tapered inner surfaces (e.g., a portion tapered and a portion

non-tapered).

[0095] In one embodiment, gas inlets 1136a, 1136b are located adjacent upper
portion 1137 of gas dispersing channel 1128. In other embodiments, one or more
gas inlets 1136a, 1136b may be located along the length of gas dispersing channel

1128 between upper portion 1137 and lower portion 1135.

[0096] Each gas conduit 1150a, 1150b may be positioned at an angle a from the
centerline of the gas conduit 1150a, 1150b and from a radius line of gas dispersing

channel 1128, similarly as depicted in Figure 3C of each gas conduits 1150a and
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1150b that may be positioned at an angie a from center lines 1176a and 1176b of
gas conduits 1150a and 1150b and from radius line from the center of gas
dispersing channel 1128. Entry of a gas through gas conduit 1150a, 1150b
preferably positioned at an angle a (e.g., when a > 0°) causes the gas to flow in a
circular direction as shown by circular gas flow 1174 (Figures 3B-3C). Providing gas
at an angle a as opposed to directly straight-on to the walls of the expanding
channel (e.g., when a = 0°) helps to provide a more laminar flow through gas
dispersing channel 1128 rather than a turbulent flow. It is believed that a laminar
flow through gas dispersing channel 1128 results in an improved purging of the inner
surface of gas dispersing channel 1128 and other surfaces of chamber lid assembly
1132. In comparison, a turbulent flow may not uniformly flow across the inner
surface of gas dispersing channel 1128 and other surfaces and may contain dead
spots or stagnant spots in which there is no gas flow. In one aspect, gas conduits
1150a, 1150b and corresponding gas inlets 1136a, 1136b are spaced out from each
other and direct a flow in the same circular direction (e.g., clockwise or counter-

clockwise).

[0097] Not wishing to be bound by theory, Figure 3C is a cross-sectional view of
gas dispersing channel 1128 of chamber lid assembly 1132 showing simplified
representations of gas flows therethrough. Although the exact flow pattern through
the gas dispersing channel 1128 is not known, it is believed that circular gas flow
1174 (Figures 3B-3C) may travel through gas dispersing channel 1128 with a
circular flow pattern, such as a vortex flow, a helix flow, a spiral flow, a swirl flow, a
twirl flow, a twist flow, a coil flow, a corkscrew flow, a curl flow, a whiripool flow,
derivatives thereof, or combinations thereof. As shown in Figure 3C, the circular
flow may be provided in a “processing region” as opposed to in a compartment
separated from substrate 1110. In one aspect, circular gas flow 1174 may help to
establish a more efficient purge of gas dispersing channel 1128 due to the sweeping
action of the vortex flow pattern across the inner surface of gas dispersing channel

1128.

[0098] In one embodiment, Figure 3C depicts distance 1175 between gas inlets

1136a, 1136b and substrate 1110 long enough that circular gas flow 1174 dissipates
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to a downwardly flow as a spiral flow across the surface of substrate 1110 may not
be desirable. It is believed that circular gas flow 1174 proceeds in a laminar manner
efficiently purging the surface of chamber lid assembly 1132 and substrate 1110. In
one specific embodiment, the length of distance 1175 between upper portion 1137
of gas dispersing channel 1128 and substrate 1110 may be within a range from
about 3 inches to about 8 inches, preferably, from about 3.5 inches to about 7
inches, and more preferably, from about 4 inches to about 6 inches, such as about 5

inches.

[0099] Distance 1177a as the length of converging channel 1134a along central
axis 1133 within lid cap 1172 between upper portion 1137 of gas dispersing channel
1128 and throttle 1131 and distance 1177b as the length of diverging channel 1134b
along central axis 1133 within lid cap 1172 between throttle 1131 and lower surface
1173 of lid cap 1172. In one example, distance 1177a may have a length within a
range from about 1 inch to about 4 inches, preferably, from about 1.25 inches to
about 3 inches, and more preferably, from about 1.5 inches to about 2.5 inches, for
example, about 2 inches and distance 1177b may have a length within a range from
about 0.5 inches to about 4 inches, preferably, from about 1 inch to about 3 inches,
and more preferably, from about 1.25 inches to about 1.75 inches, for example,

about 1.5 inches.

[0100] Figure 3A depicts that at least a portion of lower surface 1160 of chamber
lid assembly 1132 may be tapered from gas dispersing channel 1128 to a peripheral
portion of chamber lid assembly 1132 to help provide an improved velocity profile of
a gas flow from gas dispersing channel 1128 across the surface of substrate 1110
(e.g., from the center of the substrate to the edge of the substrate). Lower surface
1160 may contain one or more tapered surfaces, such as a straight surface, a
concave surface, a convex surface, or combinations thereof. In one embodiment,

lower surface 1160 is tapered in the shape of a funnel.

[0101] In one example, lower surface 1160 is downwardly sloping to help reduce
the variation in the velocity of the process gases traveling between lower surface

1160 of chamber lid assembly 1132 and substrate 1110 while assisting to provide
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uniform exposure of the surface of substrate 1110 to a reactant gas. In one
embodiment, the ratio of the maximum area of the flow section over the minimum
area of the flow section between a downwardly sloping lower surface 1160 of
chamber lid assembly 1132 and the surface of substrate 1110 is less than about 2,
preferably, less than about 1.5, more preferably, less than about 1.3, and more

preferably, about 1.

[0102] Not wishing to be bound by theory, it is believed that a gas flow traveling
at a more uniform velocity across the surface of substrate 1110 helps provide a
more uniform deposition of the gas on substrate 1110. It is believed that the velocity
of the gas is directly proportional to the concentration of the gas which is in turn
directly proportional to the deposition rate of the gas on substrate 1110 surface.
Thus, a higher velocity of a gas at a first area of the surface of substrate 1110
versus a second area of the surface of substrate 1110 is believed to provide a
higher deposition of the gas on the first area. It is believed that chamber lid
assembly 1132 having lower surface 1160, downwardly sloping, provides for more
uniform deposition of the gas across the surface of substrate 1110 because lower
surface 1160 provides a more uniform velocity and, thus, a more uniform

concentration of the gas across the surface of substrate 1110.

[0103] Figure 3A depicts choke 1162 located at a peripheral portion of chamber
lid assembly 1132 adjacent the periphery of substrate 1110. Choke 1162, when
chamber lid assembly 1132 is assembled to form a processing zone around
substrate 1110, contains any member restricting the flow of gas therethrough at an

area adjacent the periphery of substrate 1110.

[0104] In one specific embodiment, the spacing between choke 1162 and
substrate support 1112 may be within a range from about 0.04 inches to about 2.0
inches, and preferably, from about 0.04 inches to about 0.2 inches. The spacing
may vary depending on the gases being delivered and the process conditions during
deposition. Choke 1162 helps provide a more uniform pressure distribution within

the volume or reaction zone 1164 defined between chamber lid assembly 1132 and
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substrate 1110 by isolating reaction zone 1164 from the non-uniform pressure

distribution of pumping zone 1166 (Figure 3A).

[0105] Referring to Figure 3A, in one aspect, since reaction zone 1164 is isolated
from pumping zone 1166, a reactant gas or purge gas needs only adequately fill
reaction zone 1164 to ensure sufficient exposure of substrate 1110 to the reactant
gas or purge gas. In conventional CVD, prior art chambers are required to provide a
combined flow of reactants simultaneously and uniformly to the entire surface of the
substrate in order to ensure that the co-reaction of the reactants occurs uniformly
across the surface of substrate 1110. In ALD, processing chamber 1100
sequentially introduces reactants to the surface of substrate 1110 to provide
absorption of alternating thin layers of the reactants onto the surface of substrate
1110. As a consequence, ALD does not require a flow of a reactant which reaches
the surface of substrate 1110 simultaneously. Instead, a flow of a reactant needs to
be provided in an amount which is sufficient to adsorb a thin layer of the reactant on

the surface of substrate 1110.

[0106] Since reaction zone 1164 may contain a smaller volume when compared
to the inner volume of a conventional CVD chamber, a smaller amount of gas is
required to fill reaction zone 1164 for a particular process in an ALD sequence, as
described in one embodiment herein. For example, the volume of reaction zone
1164 may be about 1,000 cm® or less, preferably, about 500 cm® or less, and more
preferably, about 200 cm?® or less for a chamber adapted to process 200 mm
diameter substrates. In another example, the volume of reaction zone 1164 may be
about 3,000 cm?® or less, preferably, about 1,500 cm?® or less, and more preferably,
about 600 cm® or less for a chamber adapted to process 100 mm diameter
substrates. In another embodiment, substrate support 1112 may be raised or
lowered to adjust the volume of reaction zone 1164 for deposition. Because of the
smaller volume of reaction zone 1164, less gas, whether a deposition gas or a purge
gas, is necessary to be flowed into processing chamber 1100. Therefore, the
throughput of processing chamber 1100 is greater and the waste may be minimized

due to the smaller amount of gas used reducing the cost of operation.
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[0107] Chamber lid assembly 1132 contains lid cap 1172 and lid plate 1170 in
which lid cap 1172 and lid plate 1170 form gas dispersing channel 1128, as depicted
in Figures 3A-3C. An additional plate may be optionally disposed between lid plate
1170 and lid cap 1172. In other embodiments, gas dispersing channel 1128 may be

made integrally from a single piece of material.

[0108]  Chamber lid assembly 1132 may include cooling elements and/or heating
elements depending on the particular gas being delivered therethrough. Controlling
the temperature of chamber lid assembly 1132 may be used to prevent gas
decomposition, deposition, or condensation on chamber lid assembly 1132. For
example, water channels (such as coolant channel 1090 In Figure 10A) may be
formed in chamber lid assembly 1132 to cool chamber lid assembly 1132. In
another example, heating elements (not shown) may be embedded or may surround
components of chamber lid assembly 1132 to heat chamber lid assembly 1132. In
one embodiment, components of chamber lid assembly 1132 may be individually
heated or cooled. For example, referring to Figure 3A, chamber lid assembly 1132
may contain lid plate 1170 and lid cap 1172 in which lid plate 1170 and lid cap 1172
form gas dispersing channel 1128. Lid cap 1172 may be maintained at one
temperature range and lid plate 1170 may be maintained at another temperature
range. For example, lid cap 1172 may be heated by being wrapped in heater tape
or by using another heating device to prevent condensation of reactant gases and lid
plate 1170 may be maintained at ambient temperature. In another example, lid cap
1172 may be heated and lid plate 1170 may be cooled with water channels formed

therethrough to prevent thermal decomposition of reactant gases on lid plate 1170.

[0109] The components and parts of chamber lid assembly 1132 may contain
materials such as stainless steel, aluminum, nickel-plated aluminum, nickel, alloys
thereof, or other suitable materials. In one embodiment, lid cap 1172 and lid plate
1170 may be independently fabricated, machined, forged, or otherwise made from a
metal, such as aluminum, an aluminum alloy, steel, stainless steel, alloys thereof, or

combinations thereof.
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[o110] In one embodiment, the inner surfaces of gas dispersing channel 1128
(including both inner surfaces of lid plate 1170 and lid cap 1172) and lower surface
1160 of chamber lid assembly 1132 may contain a mirror polished surface to help
produce a laminar flow of a gas along gas dispersing channel 1128 and lower
surface 1160 of chamber lid assembly 1132. In another embodiment, the inner
surface of gas conduits 1150a, 1150b may be electropolished to help produce a

laminar flow of a gas therethrough.

[0111] In an alternative embodiment, the inner surfaces of gas dispersing
channel 1128 (including both inner surfaces of lid plate 1170 and lid cap 1172) and
lower surface 1160 of chamber lid assembly 1132 may contain a roughened surface
or machined surfaces to produce more surface area across the surfaces.
Roughened surfaces provide better adhesion of undesired accumulated materials on
the inner surfaces of lid plate 1170 and lid cap 1172 and lower surface 1160. The
undesired films are usually formed as a consequence of conducting a vapor
deposition process and may peel or flake from lower surface 1160 and the inner
surfaces of gas dispersing channel 1128 to contaminate substrate 1110. In one
example, the mean roughness (R,) of lower surface 1160 and/or the inner surfaces
of gas dispersing channel 1128 may be at least about 10 pin, such as within a range
from about 10 pin (about 0.254 um) to about 200 pin (about 5.08 um), preferably,
from about 20 pin (about 0.508 pum) to about 100 pin (about 2.54 um), and more
preferably, from about 30 pin (about 0.762 pm) to about 80 pin (about 2.032 um). In
another example, the mean roughness of lower surface 1160 and/or the inner
surfaces of gas dispersing channel 1128 may be at least about 100 pin (about 2.54
um), preferably, within a range from about 200 pin (about 5.08 um) to about 500 pin
(about 12.7 pm).

[0112] Figure 3A depicts control unit 1180, such as a programmed personal
computer, work station computer, or the like, coupled to processing chamber 1100
to control processing conditions. For example, control unit 1180 may be configured
to control flow of various process gases and purge gases from gas sources 1138,
1143, and 1140 through valves 1142a and 1142b during different stages of a

substrate process sequence. lllustratively, control unit 1180 contains central
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processing unit (CPU) 1182, support circuitry 1184, and memory 1186 containing

associated control software 1183.

[0113] Control unit 1180 may be one of any form of general purpose computer
processor that can be used in an industrial setting for controlling various chambers
and sub-processors. CPU 1182 may use any suitable memory 1186, such as
random access memory, read only memory, floppy disk drive, hard disk, or any
other form of digital storage, local or remote. Various support circuits may be
coupled to CPU 1182 for supporting processing chamber 1100. Control unit 1180
may be coupled to another controller that is located adjacent individual chamber
components, such as programmable logic controllers 1148a, 1148b of valves 1142a,
1142b. Bi-directional communications between the control unit 1180 and various
other components of processing chamber 1100 are handled through numerous
signal cables collectively referred to as signal buses 1188, some of which are
ilustrated in Figure 3A. In addition to control of process gases and purge gases
from gas sources 1138, 1143, 1140 and from programmable logic controllers 1148a,
1148b of valves 1142a, 1142b, control unit 1180 may be configured to be
responsible for automated control of other activities used in wafer processing-such
as wafer transport, temperature control, chamber evacuation, among other activities,

some of which are described elsewhere herein.

[0114] Referring to Figures 3A-3C, in operation, substrate 1110 is delivered to
processing chamber 1100 through slit valve 1108 by a robot (not shown). Substrate
1110 is positioned on substrate support 1112 through cooperation of lift pins 1120
and the robot. Substrate support 1112 raises substrate 1110 into close opposition to
lower surface 1160 of chamber lid assembly 1132. A first gas flow may be injected
into gas dispersing channel 1128 of processing chamber 1100 by valve 1142a
together or separately with a second gas flow injected into processing chamber
1100 by valve 1142b. The first gas flow may contain a continuous flow of a purge
gas from purge gas source 1140 and pulses of a reactant gas from reactant gas
source 1138 or may contain pulses of a reactant gas from reactant gas source 1138
and pulses of a purge gas from purge gas source 1140. The second gas flow may

contain a continuous flow of a purge gas from purge gas source 1140 and pulses of
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a reactant gas from reactant gas source 1139 or may contain pulses of a reactant
gas from reactant gas source 1139 and pulses of a purge gas from purge gas
source 1140. Circular gas flow 1174 travels through gas dispersing channel 1128
as a vortex flow which provides a sweeping action across the inner surface of gas
dispersing channel 1128. Circular gas flow 1174 dissipates to a downwardly flow
towards the surface of substrate 1110. The velocity of the gas flow reduces as it
travels through gas dispersing channel 1128. The gas flow then travels across the
surface of substrate 1110 and across lower surface 1160 of chamber lid assembly
1132. Lower surface 1160 of chamber lid assembly 1132, which is downwardly
sloping, helps reduce the variation of the velocity of the gas flow across the surface
of substrate 1110. The gas flow then travels by choke 1162 and into pumping zone
1166 of processing chamber 1100. Excess gas, by-products, etc. flow into the
pumping channel 1179 and are then exhausted from processing chamber 1100 by
vacuum system 1178. In one aspect, the gas flow proceeds through gas dispersing
channel 1128 and between the surface of substrate 1110 and lower surface 1160 of
chamber lid assembly 1132 in a laminar manner which aids in uniform exposure of a
reactant gas to the surface of substrate 1110 and efficient purging of inner surfaces

of chamber lid assembly 1132.

[0115] Processing chamber 1100, as illustrated in Figures 3A-3C, has been
described herein as having a combination of features. In one aspect, processing
chamber 1100 provides reaction zone 1164 containing a small volume in compared
to a conventional CVD chamber. Processing chamber 1100 requires a smaller
amount of a gas, such as a reactant gas or a purge gas, to fill reaction zone 1164 for
a particular process. In another aspect, processing chamber 1100 provides
chamber lid assembly 1132 havihg a downwardly sloping or funnel shaped lower
surface 1160 to reduce the variation in the velocity profile of a gas flow traveling
between the bottom surface of chamber lid assembly 1132 and substrate 1110. In
still another aspect, processing chamber 1100 provides gas dispersing channel
1128 to reduce the velocity of a gas flow introduced therethrough. In still another
aspect, processing chamber 1100 provides gas conduits at an angle a from the

center of gas dispersing channel 1128. Processing chamber 1100 provides other
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features as described elsewhere herein. Other embodiments of a chamber adapted

for ALD incorporate one or more of these features.

[0116] Embodiments of the invention provide chamber pretreatment and
deposition processes that may be used to deposit materials during a vapor
deposition process, such as an ALD process. The processes may be used within a
variety of vapor deposition processing chambers and gas delivery systems which
contain an expanding channel lid assembly, a converge-diverge lid assembly, a
multiple injection lid assembly, or an extended cap lid assembly.  Other
embodiments provide methods for depositing materials using these gas delivery

systems during ALD processes.

[0117] Processing chamber 1100, as depicted in Figures 3A-3C, may be used
advantageously to implement ALD or CVD processes as described by embodiments
herein. For clarity reasons, deposition of a layer by ALD will be described in more
detail in reference to the ALD of a tantalum nitride layer utilizing processing chamber
1100. In one aspect, ALD of a tantalum nitride barrier layer includes sequentially
providing pulses of a tantalum precursor and pulses of a nitrogen precursor to
processing chamber 1100 in which each pulse is separated by a flow of a purge gas
and/or chamber evacuation to remove any excess reactants to prevent gas phase
reactions of the tantalum precursor with the nitrogen precursor and to remove any
reaction by-products. Sequentially providing a tantalum precursor and a nitrogen
precursor may result in the alternating absorption of monolayers of a tantalum
precursor and of monolayers of a nitrogen precursor to form a monolayer of
tantalum nitride on a substrate structure for each cycle of pulses. The term
substrate structure is used to refer to the substrate as well as other material layers

formed thereover, such as a dielectric layer.

[0118] It is believed that the adsorption processes used to adsorb the monolayer
of the reactants, such as the tantalum precursor and the nitrogen precursor, are self-
imiting in that only one monolayer may be adsorbed onto the surface of the
substrate structure during a given pulse because the surface of the substrate

structure has a finite number of sites for adsorbing the reactants. Once the finite
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number of sites is occupied by the reactants, such as the tantalum precursor or the
nitrogen precursor, further absorption of the reactants will be blocked. The cycle

may be repeated to a desired thickness of the tantalum nitride layer.

[0119] Embodiments of the invention provide a pretreatment process for
exposing the inner surfaces of processing chamber 1100 to a hydrogenated ligand
compound within a treatment gas. In one embodiment, the treatment gas may be
delivered into processing chamber 1100 from any one of gas sources 1138, 1139,
and/or 140. Alternatively, in another embodiment, the treatment gas may be
delivered into processing chamber 1100 from another gas source (not shown). In
another embodiment, treatment gas containing the hydrogenated ligand compound
may enter processing chamber 1100 through an inlet on lid cap 1172 (not shown).
Upon entering the processing chamber 1100, the treatment gas may travel down
gas dispersing channel 1128, from converging channel 1134a, through diverging
channel 1134b, along lower surface 1160, and into reaction zone 1164. The inner
surfaces of processing chamber 1100, including the surfaces of converging channel
1134a, diverging channel 1134b, lower surface 1160, and reaction zone 1164, may
be coated with the hydrogenated ligand compound or other reagent from the

treatment gas.

[0120] In another embodiment, the treatment gas containing the hydrogenated
ligand compound or other reagent, flows in revolutions around central axis 1133 of
gas dispersing channel 1128, as circular gas flow 1174, while coating the inner
surfaces of processing chamber 1100, as depicted in Figure 3C. Circular gas flow
1174 may contain a flow pattern, such as a vortex pattern, a helix pattern, a spiral
pattern, a twirl pattemn, a twist pattern, a coil pattern, a whirlpool pattern, or
derivatives thereof. Circular gas flow 1174 may extend at least about 1 revolution
around central axis 1133 of gas dispersing channel 1128, preferably, at least about
1.5 revolutions, more preferably, at least about 2 revolutions, more preferably, at

least about 3 revolutions, and more preferably, about 4 revolutions or more.

[0121] Pulses of a tantalum precursor, such as PDMAT, may be introduced by

gas source 1138 through valve 1142a. The tantalum precursor may be provided
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with the aid of a carrier gas, which includes, but is not limited to, helium, argon,
nitrogen (N2), hydrogen (H2), or mixtures thereof. Pulses of a nitrogen precursor,
such as ammonia, may be introduced by gas source 1139 through valve 1142a. A
carrier gas may also be used to help deliver the nitrogen precursor. A purge gas,
such as argon, may be introduced by gas source 1140 through valve 1142a and/or
through valve 1142b. In one aspect, the flow of purge gas may be continuously
provided by gas source 1140 through valves 1142a, 1142b to act as a purge gas
between the pulses of the tantalum precursor and of the nitrogen precursor and to
act as a carrier gas during the pulses of the tantalum precursor and the nitrogen
precursor. In one aspect, delivering a purge gas through two gas conduits 1150a,
1150b provides a more complete purge of reaction zone 1164 rather than a purge
gas provided through one of gas conduit 1150a or 1150b. In one aspect, a reactant
gas may be delivered through one of gas conduits 1150a or 1150b since uniformity
of flow of a reactant gas, such as a tantalum precursor or a nitrogen precursor, is not
as critical as uniformity of the purge gas due to the self-limiting absorption process
of the reactants on the surface of substrate structures. In other embodiments, a
purge gas may be provided in pulses. In other embodiments, a purge gas may be
provided in more or less than two gas flows. In other embodiments, a tantalum
precursor gas may be provided in more than a single gas flow (e.g., two or more gas
flows). In other embodiments, a nitrogen precursor gas may be provided in more

than a single gas flow (e.g., two or more gas flows).

[0122] The tantalum nitride layer formation is described as starting with the
absorption of a monolayer of a tantalum precursor on the substrate followed by a
monolayer of a nitrogen precursor. Alternatively, the tantalum nitride ayer formation
may start with the absorption of a monolayer of a nitrogen precursor on the
substrate followed by a monolayer of the tantalum precursor. Furthermore, in other
embodiments, a pump evacuation alone between pulses of reactant gases may be

used to prevent mixing of the reactant gases.

[0123] The time duration for each pulse of the tantalum precursor, the time
duration for each pulse of the nitrogen precursor, and the duration of the purge gas

flow between pulses of the reactants are variable and depend on the volume
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capacity of a deposition chamber employed as well as a vacuum system coupled
thereto. For example, (1) a lower chamber pressure of a gas will require a longer
pulse time; (2) a lower gas flow rate will require a longer time for chamber pressure
to rise and stabilize requiring a longer pulse time; and (3) a large-volume chamber
will take longer to fill, longer for chamber pressure to stabilize thus requiring a longer
pulse time. Similarly, time between each pulse is also variable and depends on
volume capacity of the processing chamber as well as the vacuum system coupled
thereto. In general, the time duration of a pulse of the tantalum precursor or the
nitrogen precursor should be long enough for absorption of a monolayer of the
compound. In one aspect, a pulse of a tantalum precursor may still be in the
chamber when a pulse of a nitrogen precursor enters. In general, the duration of the
purge gas and/or pump evacuation should be long enough to prevent the pulses of
the tantalum precursor and the nitrogen precursor from mixing together in the

reaction zone.

[0124] Generally, a pulse time of about 1.0 second or less for a tantalum
precursor and a pulse time of about 1.0 second or less for a nitrogen precursor are
typically sufficient to adsorb alternating monolayers on a substrate structure. A time
of about 1.0 second or less between pulses of the tantalum precursor and the
nitrogen precursor is typically sufficient for the purge gas, whether a continuous
purge gas or a pulse of a purge gas, to prevent the pulses of the tantalum precursor
and the nitrogen precursor from mixing together in the reaction zone. Of course, a
longer pulse time of the reactants may be used to ensure absorption of the tantalum
precursor and the nitrogen precursor and a longer time between pulses of the

reactants may be used to ensure removal of the reaction by-prbducts.

[0125] In one example, a processing chamber, a substrate, or a substrate
support may be maintained approximately below a thermal decomposition
temperature of a selected tantalum precursor during an ALD process. An exemplary
heater temperature range to be used with tantalum precursors identified herein is
approximately between about 20°C and about 500°C at a chamber pressure less
than about 100 Torr, preferably less than 50 Torr. When the tantalum precursor is

PDMAT, the heater temperature is preferably within a range from about 150°C to
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about 350°C, more preferably, from about 250°C and 300°C, and the internal
pressure of the processing chamber may be within a range from about 5 Torr to
about 20 Torr. In other embodiments, it should be understood that other
temperatures and pressures may be used. For example, a temperature above a
thermal decomposition temperature may be used. However, the temperature should
be selected so that more than 50 percent of the deposition activity is by absorption
processes. In another example, a temperature above a thermal decomposition
temperature may be used in which the amount of decomposition during each
precursor deposition is limited so that the growth mode will be similar to an ALD

growth mode.

[0126] In one example, processing chamber 1100 may be exposed to a
pretreatment process and subsequently, to an ALD process. The process may
provide pulses of the tantalum precursor gas (e.g., PDMAT in argon) from gas
source 1138 at a flow rate within a range from about 100 sccm to about 1,000 sccm,
preferably, from about 300 sccm to about 700 sccm, through valve 1142a having a
pulse time of about 1 seconds or less. The process may further provide pulses of
the nitrogen precursor gas (e.g., ammonia) may be provided from gas source 1139
at a flow rate within a range from about 20 sccm and about 1,000 sccm, preferably,
from about 100 sccm to about 300 sccm, through valve 1142b having a pulse time of
about 1 second or less. An argon purge gas may have a flow rate within a range
from about 1 slm to about 12 slm sccm, preferably, from about 2 slm to about 8 sim,
and may be continuously provided from gas source 1140 through valves 1142a,
1142b, as well as through other inlets on processing chamber 1100. The time
between pulses of the tantalum precursor and the nitrogen precursor may be about

0.5 seconds or less.

[0127] In one embodiment, a tantalum nitride layer may be deposited to a
sidewall of a via or a similar aperture with a thickness of about 50 A or less,
preferably, about 20 A or less, and more preferably, about 10 A or less. A tantalum
nitride layer with a thickness of about 10 A or less is believed to be a sufficient
thickness in the application as a barrier layer to prevent copper diffusion. In other

embodiments, the tantalum nitride layer may have a thickness greater than 50 A. In
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one aspect, a thin barrier layer containing tantalum nitride deposited by the
processes described herein may be used in filling submicron (e.g., less than 0.15

pm) and smaller features having high aspect ratios (e.g., greater than 5 to 1).

[0128] The treatment of the interior surfaces of the processing chamber during
the pretreatment process helps to increase the uniformity (or decrease the non-
uniformity) across the substrate surface of the tantalum nitride layer or other
deposited material — as opposed to not conducting the pretreatment process. The
non-uniformity of the deposited material across the substrate surface may be about
12% or less, preferably, about 10% or less, and more preferably, about 8% or less,

for example, about 6% or less.

[0129] “Atomic layer deposition” (ALD), as used herein, refers to the sequential
introduction of two or more reactive compounds to deposit a layer of material on a
substrate surface. The two, three, or more reactive compounds may alternatively be
introduced into a reaction zone or process region of a processing chamber. The
reactive compounds may be in a state of gas, plasma, vapor, fluid or other state of
matter useful for a vapor deposition process. Usually, each reactive compound is
separated by a time delay to allow each compound to adhere and/or react on the
substrate surface. In one aspect, a first precursor or compound A is pulsed into the
reaction zone followed by a first time delay. Next, a second precursor or compound
B is pulsed into the reaction zone followed by a second delay. Compound A and
compound B react to form a deposited material. During each time delay a purge gas
is introduced into the processing chamber to purge the reaction zone or otherwise
remove any residual reactive compound or by-products from the reaction zone.
Alternatively, the purge gas may flow continuously throughout the deposition
process so that only the purge gas flows during the time delay between pulses of
reactive compounds. The reactive compounds are alternatively puised until a
desired film thickness of the deposited material is formed on the substrate surface.
In either scenario, the ALD process of pulsing compound A, purge gas, pulsing
compound B and purge gas is a cycle. A cycle can start with either compound A or
compound B and continue the respective order of the cycle until achieving a film with

the desired thickness. In an alternative embodiment, a first precursor containing
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compound A, a second precursor containing compound B and a third precursor
containing compound C are each separately pulsed into the processing chamber.
Alternatively, a pulse of a first precursor may overlap in time with a pulse of a
second precursor while a pulse of a third precursor does not overlap in time with
either pulse of the first and second precursors. “Process gas” as used herein refers
to a single gas, multiple gases, a gas containing a plasma, combinations of gas(es)
and/or plasma(s). A process gas may contain at least one reactive compound for a
vapor deposition process. The reactive compounds may be in a state of gas,
plasma, vapor, fluid, or other state of matter useful for a vapor deposition process.
Also, a process gas may contain a purge gas or a carrier gas and not contain a

reactive compound.

[0130] “Substrate” or “substrate surface,” as used herein, refers to any substrate
or material surface formed on a substrate upon which film processing is performed.
For example, a substrate surface on which processing can be performed include
materials such as silicon, silicon oxide, strained silicon, silicon on insulator (SOI),
carbon doped silicon oxides, silicon nitride, doped silicon, germanium, gallium
arsenide, glass, sapphire, quartz, and any other materials such as metals, metal
nitrides, metal alloys, and other conductive materials, depending on the application.
Barrier layers, metals or metal nitrides on a substrate surface may include titanium,
titanium nitride, titanium silicide nitride, tungsten, tungsten nitride, tungsten silicide
nitride, tantalum, tantalum nitride, or tantalum silicide nitride. Substrates may have
various dimensions, such as 200 mm or 300 mm diameter wafers, as well as,
rectangular or square panes. Substrates include semiconductor substrates, display
substrates (e.g., LCD), solar panel substrates, and other types of substrates.
Unless otherwise noted, embodiments and examples described herein are
preferably conducted on substrates with a 200 mm diameter or a 300 mm diameter,
more preferably, a 300 mm diameter. Substrates on which embodiments of the
invention may be useful include, but are not limited to semiconductor wafers, such
as crystalline silicon (e.g., Si<100> or Si<111>), silicon oxide, glass, quartz, strained
silicon, silicon germanium, doped or undoped polysilicon, doped or undoped silicon
wafers and patterned or non-patterned wafers. Substrates may be exposed to a
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pretreatment process to polish, etch, reduce, oxidize, hydroxylate, anneal, and/or

heat the substrate surface.

[0131] Although the invention has been described in terms of specific
embodiments, one skilled in the art will recognize that various changes to the
reaction conditions, e.g., temperature, pressure, film thickness and the like can be
substituted and are meant to be included herein and sequence of gases being
deposited. For example, sequential deposition process may have different initial
sequence. The initial sequence may include exposing the substrate to the nitrogen-
containing gas before the tantalum-containing gas is introduced into the processing
chamber. In addition, the tantalum nitride layer may be employed for other features
of circuits in addition to functioning as a diffusion barrier for contacts. Therefore, the
scope of the invention should not be based upon the foregoing description. Rather,
the scope of the invention should be determined based upon the claims recited

herein, including the full scope of equivalents thereof.

[0132] While the foregoing is directed to embodiments of the invention, other and
further embodiments of the invention may be devised without departing from the

basic scope thereof, and the scope thereof is determined by the claims that follow.
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Claims:
1. A method for treating a chamber and depositing a material on a substrate
surface, comprising:

exposing inner surfaces of a processing chamber and a substrate within the
processing chamber to a treatment gas comprising an alkylamine compound during
a pretreatment process; and

exposing the substrate sequentially to an alkylamino metal precursor gas and
at least a second precursor gas while depositing a material on the substrate during

an atomic layer deposition process.

2. The method of claim 1, wherein the alkylamine compound has the chemical
formula of HoNR or HNR'R", where each R, R', and R" is independently selected
from the group consisting of methyl, ethyl, propyl, butyl, amyl, phenyl, aryl, isomers

thereof, derivatives thereof, and combinations thereof.

3. The method of claim 1, wherein the inner surfaces of the processing chamber
include lid assembly inner surfaces and chamber body inner surfaces which are
heated to a temperature within a range from about 30°C to about 100°C and
exposed to the treatment gas for a time period within a range from about 5 seconds

to about 60 seconds during the pretreatment process.

4. A method for treating a chamber and depositing a material on a substrate
surface, comprising:

exposing inner surfaces of a processing chamber and a substrate disposed
within the processing chamber to a treatment gas comprising a hydrogenated ligand
compound during a pretreatment process, wherein the hydrogenated ligand
compound has the chemical formula of HL, where L is a ligand selected from the
group consisting of alkylamino, alkylimino, alkoxy, alkyl, alkene, alkyne,
cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl, and derivatives

thereof; and
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exposing the substrate to a first precursor gas to deposit a material on the
substrate during a vapor deposition process, wherein the first precursor gas
comprises a first precursor having the chemical formula of ML'y, where x is 1, 2, 3, 4,
5, 6, or greater, M is an element selected from the group consisting of Ti, Zr, Hf, Nb,
Ta, Mo, W, Ru, Co, Ni, Pd, Pt, Cu, Al, Ga, In, Si, Ge, Sn, P, As, and Sb, and each L'
is independently a ligand selected from the group consisting of alkylamino,
alkylimino, alkoxy, alkyl, alkene, alkyne, cyclopentadienyl, alkylcyclopentadienyl,
pentadienyl, pyrrolyl, hydrogen, halogen, derivatives thereof, and combinations

thereof.

5. The method of claim 4, wherein the hydrogenated ligand compound is an
alkylamine compound having the chemical formula of HoNR or HNR'R", where each
R, R', and R" is independently selected from the group consisting of methyl, ethyl,
propyl, butyl, amyl, phenyl, aryl, isomers thereof, derivatives thereof, and

combinations thereof.

6. The method of claim 5, wherein the alkylamine compound is selected from
the group consisting of methylamine, dimethylamine, ethylamine, diethylamine,
methylethylamine, propylamine, dipropylamine, butylamine, dibutylamine, isomers

thereof, derivatives thereof, and combinations thereof.

7. The method of claim 4, wherein the first precursor comprises an alkylamino
ligand selected from the group consisting of N(CH3),, N(C2Hs)2, N(C3H7)2, N(C4Hs)o,
N(CHs)(C2Hs), isomers thereof, derivatives thereof, and combinations thereof.

8. The method of claim 7, wherein the element M is Ta and x is 4 or 5.

9. The method of claim 8, wherein the first precursor is pentakis(dimethylamino)
tantalum and the alkylamine compound gas comprises methylamine or

dimethylamine.

55



WO 2010/027669 PCT/US2009/054321

10.  The method of claim 7, wherein the element M is Si, Ti, Zr, or Hf and x is 4.

11.  The method of claim 4, wherein the hydrogenated ligand compound is an
alcohol compound having the chemical formula of ROH, where R is selected from
the group consisting of methyl, ethyl, propyl, butyl, amyl, isomers thereof, derivatives

thereof, and combinations thereof.

12.  The method of claim 11, wherein the alcohol compound is selected from the
group consisting of methanol, ethanol, propanol, butanol, pentanol, isomers thereof,

derivatives thereof, and combinations thereof.

13. The method of claim 11, wherein the first precursor comprises an alkoxy
ligand selected from the group consisting of OCHz, OC,Hs, OCzH;, OC4Hg, isomers

thereof, derivatives thereof, and combinations thereof.

14.  The method of claim 4, wherein the ligand L of the hydrogenated ligand
compound is selected from the group consisting of cyclopentadienyl,
alkylcyclopentadienyl, pentadienyl, pyrrolyl, isomers thereof, derivatives thereof, and
combinations thereof, and the ligand L' of the first precursor is selected from the
group consisting of cyclopentadienyl, alkylcyclopentadienyl, pentadienyl, pyrrolyl,

isomers thereof, derivatives thereof, and combinations thereof.

15. A method for treating a chamber and depositing a material on a substrate
surface, comprising:

exposing inner surfaces of a processing chamber and a substrate disposed
within the processing chamber to a carrier gas having a continuous flow;

introducing a treatment gas comprising dimethylamine to the carrier gas to
expose the inner surfaces of the processing chamber and the substrate to the
treatment gas during a pretreatment process; and

exposing the substrate sequentially to a tantalum precursor gas and a

nitrogen precursor gas while depositing a tantalum nitride material on the substrate
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during an atomic layer deposition process, wherein the tantalum precursor gas
comprises pentakis(dimethylamino) tantalum, and the atomic layer deposition
process comprises sequentially pulsing the tantalum precursor gas and the nitrogen
precursor gas into the carrier gas with the continuous flow to deposit the tantalum

nitride material.
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