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TUNGSTEN DEPOSITION WITHOUT BARRIER LAYER

FiELD

{00811  The present disciosure generally relates {0 methods of depositing thin films.
5 In particular, the disclosure relates to methods of depositing tungsten or tungsten-

containing films.
BACKGROUND

{00021 The semiconductor processing indusitry continues to strive for larger
production yields while increasing the uniformily of layers deposited on substrates
16 having larger surface areas. These same factors in combination with new materials
also provide higher integration of circuits per unit area of the substrate. As circuit
integration increases, the need for greater uniformity and process confrol regarding
layer thickness rises. As a result, various technologies have been developed to
deposit layers on substrates in a cost-effective manner, while maintaining control over

15 the characteristics of the layer.

[0083] Chemical vapor deposition (CVD) is one of the most common deposition
processes employed for depositing layers on a substrate. VD is a flux-dependent
deposition technigue that requires precise conitrol of the substrate temperature and
the precursors introduced into the processing chamber in order to produce a desired
20 layer of uniform thickness. These requirements become more critical as subsirate size
increases, crealing a need for more complexity in chamber design and gas flow

techniques to maintain adequate uniformity.

{00041 A variant of CVD that demonstrales excellent step coverage is cyclical
deposition or atornic layer deposition {ALD). Cyclical deposition is based upon atomic
25  layer epitaxy {(ALE) and employs chemisorplion technigues io deliver precursor
molecules on a substrate surface in sequential cycles. The cycle exposes the
substrate surface 10 a first precursor, a purge gas, a second precursor and the purge
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gas. The first and second precursors react to form a product compound as a film on
the substrate surface. The cycle is repeated to form the layer to a desired thickness.

[0005] Amorphous silicon is widely used in semiconductor devices, flai-panel
displays, and sclar cells. There remains a key technical challengs for the

5 develppment of amorphous silicon deposition process with conformality (i.e., good
step coverage) or gap-fill performance in high aspect-ratio features. Conventional
LPCVD process is limited o high temperature (550 °C) and low pressure, and,
therefore, exhibils poor step coverage and/or gap-fili performance; PECVD process
also does not give good step coverage and/or gap-full performance.

10 [0006] Due to the increasing integration of semiconductor circuitry, tungsten has
been used based upon superior step coverage. As a result, deposition of tungsten
employing CVD techniques enjoys wide application in semiconductor processing due
to the high throughput of the process. Deposiling tungsten by conventional CVD
methods, however, is altendant with several disadvaniages.

15 (0007} For example, ALD processes deposit tungsten films info vias containing
high aspect ratios (e.q., 20}, whereas conventional CVD processes will usually cause
similar vias fo "pinch-off" and not completely fill. Additionally, tungsten does not readily
adhers o some surfaces (e.g., dielectric spacers or oxides). To increase the
adhesion of tungsten to dielectric spacers, conventional processes include a TiN

20 layer. The deposition of the TiN film as a seed layer can be time consuming and adds
additional complexity to the overall process.

[0008] The atomic layer deposition (ALD) of tungsten thin films exhibils very long
incubation delay’s on silicon, silicon dioxide and titanium nitride services due 1o poor
nucleation performance. A nucleation layer is usually used to mitigate this issue.

25 Conventionally, ALD WS, or WB, is deposited by WF/SibHs and WFy/BoH;,
respectively. However, WF; is directly exposed to the substrate surface (e.g., Si,
5i0.) and damages the substrate.

o
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{0009} Additionally, ALD tungsten films do not stick well directly on silicon or
silicon oxide substrate surfaces. A fitanium nitride glue tayer is used o improve the
adhesion. However, both the titanium nitride glue layer and WSL/WBE, nucleation
layer do not conduct well, resulting in a very high resistivity for the stack (W/WSI/TIN).

5 (0010 Therefore, there is a need in the art for improved techniques to deposit
tungsten layers with decreased resistivity and no barrier/glue layer.

SUMMARY

[0011] One or more embodiments of the disclosure are direcled to a processing
method. The method comprises exposing a substrate surface 1o a boron precursor io
10 form an amorphous boron layer. The substrate surface is substantially free of a
barrier layer. The amorphous boron layer is exposed to a first metal precursor to
convert the amorphous boron layer to g first metal layer. A second metal layer is
formed on the first metal layer by exposing the first metal layer to a second metal

Orecursor.

[,
s

[0012] Additional embodiments of the disclosure are direcled to a processing
method. The method comprises exposing a substrate surface to a silicon precursor 1o
form an amorphous silicon layer. The substrate surface is substantially free of a
barrier layer. The amorphous silicon layer is exposed to a first metal precursor 1o
convert the amorphous silicon layer o a first metal layer. A second metal layer is
23 formed on the first metal layer by exposing the first metal layer to a second metal

precursor.

[0013] Further embodiments of the disclosure are directed to a processing mesthod.
The method comprises exposing a substrate surface to a silicon precursor and a
boron precursor to form an amorphous layer comprising silicon and boron.  The
25 substrate surface is substantially free of a barrier layer. The amorphous layer is
exposed o a first metal precursor to convert the amorphous layer to a first metal layer,
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A second metal layer is formed on the first metal layer by exposing the first metal layer
to a second metal precursor.

BRIEF DESCRIPTION OF THE DRAWINGS

{0014] So that the manner in which the above recited features of the disclosure can
be understood in detail, a more particular description of the disclosure, briefly
summarized above, may be had by reference o embodiments, some of which are
iHlustrated in the appended drawings. i is {0 be noied, however, that the appended
drawings illustrate only typical embodiments of the disclosure and are therefore not o
be considered limiting of its scope, for the disclosure may admit to other equally
effective embodiments.

{00151 FIG. 1 shows schematic of a film stack in accordance with one or more

embodiment of the disclosure;

{00161 FIG. 2A shows a process scheme in accordance with one or more
embodiment of the disclosure;

[0017] FIG. 2B shows a schematic of a film stack in accordance with the process
scheme of FIG. 2A;

[0018] FIG. 3 shows a process scheme in accordance with one or more
embodiment of the disclosure;

[0019] FIG. 4A shows a process scheme in accordance with one or more
embodiment of the disclosure;

{00207 FiG. 4B shows a schematic of a film stack in accordance with the process
scheme of FIG. 44A,;

{00211 FIG. 5 shows schematic of a film stack in accordance with one or more
embodiment of the disclosure;
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[0022] FiG. 6A shows a process scheme in accordance with one or more
smbodiment of the disclosure;

[0023] FIG. 6B shows a schematic of a film stack in accordance with the process
scheme of FiG. 6A;

[0024] FIG. 7 shows a process scheme in accordance with one or more

embodiment of the disclosure;

{00257 FiG. 8A shows a process scheme in accordance with one or more

embodiment of the disclosure; and

[00268] FIG. 8B shows a schematic of a film stack in accordance with the process
scheme of FIG. BA.

{00277 FIG. 2A shows a process scheme in accordance with one or more
smbodiment of the disclosure; and

[0028] FIG. 9B shows a schematic of a film stack in accordance with the process
scheme of FiG. SA.

DETAILED DESCRIPTION

[0029] Before describing several exemplary embodiments of the disclosure, it is to
be understood thal the disclosure is not limited to the details of construction or
process steps set forth in the following description. The disclosure is capable of other
embodiments and of being practiced or being carried out in various ways.

{00307 A "substrate surface”, as used herein, refers to any portion of a substrate or
portion of a material surface formed on a substrale upon which film processing is
performed. For example, a substrate surface on which processing can be performed
include materials such as silicon, silicon oxide, silicon nilride, doped silicon,
germanium, gallium arsenide, glass, sapphire, and any other materials such as

metals, metal nifrides, metal alloys, and other conductive materials, depending on the
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application. Barrier layers, metals or metal nitrides on a substrate surface include
titanium, titanium nitride, tungsten nitride, tantalum and tantalum nitride. A substrate
surface may also include dielectric materials such as silicon dioxide and carbon doped
silicon oxides. Substrates may have various dimensions, such as 200 mm or 300 mm
3 diameter wafers, as well as, rectangular or square panes. In some embodiments, the

substrate comprises a rigid discrete material.

{00311 "Atomic layer deposition” or "cyclical deposition” as used herein refers {o the
sequential exposure of two or more reactive compounds to deposit a layer of material
on a subsirate surface. As used in this specification and the appended claims, the

nou 3 s

10 terms “reactive compound”, ‘reactive gas”, “reactive species”, “precursor”, “process
gas” and the like are used interchangeably {0 mean a substance with a species
capable of reacting with the substrate surface or material on the substrate surface in a
surface reaction (e.g., chemisorption, oxidation, reduction). The substrate or portion of
the substrale is exposed sequentially {o the two or more reactive compounds which

15  are introduced into a reaction zone of a processing chamber. In a time-domain ALD
process, exposure {0 each reaclive compound is separated by a time delay o allow
each compound to adhere and/or react on the substrate surface. In a spatial ALD
process, different portions of the substrate surface, or material on the subsirate
surface, are exposed simultaneously to the two or more reaciive compounds so that

20 any given point on the subsirate is substantially not exposed o more than one
reactive compound simultansously. As used in this specification and the appended
claims, the term “substantially” used in this respect means, as will be understcod by
those skilled in the art, that there is the possibility that a small portion of the substraie
may be exposed to multiple reaclive gases simultaneously due to diffusion, and that

25  the simultaneous exposure is unintended.

[0032] In one aspect of a time-domain ALD process, a first reactive gas (i.e., a first
precursor or compound A) is pulsed into the reaction zone foliowed by a first time
defay. Next, a second precursor or compound B is pulsed into the reaction zone
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followed by a second delay. During each time delay a purge gas, such as argon, is
introduced into the processing chamber {o 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 puises of reactive
compounds. The reactive compounds are alternatively pulsed until a desired film or
film thickness is formed on the substrate surface. In sither scenario, the ALD process
of puising compound A, purge gas, 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 achisving a film with the desired thickness.

[0033] In an aspect of a spatial ALD process, a first reactive gas and second
reactive gas (2.g., hydrogen radicals) are delivered simultaneously o the reaction
zone but are separated by an inert gas curtain and/or a vacuum curtain. The
substraie is moved relative to the gas delivery apparatus so that any given point on
the substrate is exposed {o the first reactive gas and the second reactive gas.

[0034] One or more embodiments of the disclosure are directed to methods of
depositing a conformal amorphous silicon thin film as one or more of a glue layer, a
fluorine diffusion barrier and/or a nucleation layer for metal ALD {e.g., tungsten
deposition). While tungsten deposition is referred o in many embodiments, those
skilled inn the art will understand thatl other metals (e.g., Mo) could be deposited by the
disclosed process. The disclosure is not imited to ALD tungsten deposition.

[0035] Certain embodiments of the disclosure include process integration schemes
for metal ALD processes. For example, ungsten deposited by atomic layer deposition
on a silicon substrate. With reference to FIG. 1, a stack 10 may include a subsirate
12 {e.g., Si0Cy with a glue layer 14 (e.g., TiN), a nucleation layer 16 (e.g., WSi, and
WB,) and a metal 18 (e.g., W). in one or more embodiment of a process scheme, a
nucleation layer is replaced with an amorphous silicon layer. In some embodiments,

the nucleation layer is replaced with an amorphous silicon layer and the TiN glue layer



WO 2019/209381 PCT/US2018/065151

is made thinner. In one or more embodiments, both the nucleation layer and giue
layer are replaced with an amorphous silicon layer.

[0036] With reference to FIGS. 2A and 2B, one or more embodimenis of the
disclosure are directed processing methods 300 and film stacks 200. A substrate 220

53 having a substrate surface 222 is provided in step 310. In step 320, the substrate 220
exposed to a silicon precursor to form an amorphous silicon layer 240 on the
substrate surface 222.

{0037} In some embodiments, the amorphous silicon (a-Si) formation can be
achieved by maximizing the partial pressure of the silicon precursor while minimizing
10 the wafer temperature. Suitable silicon precursors include, but are not limited {o, poly-
silanes {SikH,). For example, poly-silanes include disilane {SizHs), trisilane (SigHs),
tetrasilane {SigHqg), isctetrasilane, neopentasilane (SisHyz), cyclopentasilane (SisHqe),
hexastlane {CsHi4), cyclohexasilane (SigHip) or, in general, SiH, with x = 2 or more,
and combinations thereof. For example, disilane, which has a moderate processing
15 temperature and high vapor pressure, may be used as the silicon precursor alone or

i combination with other species.

[0038] In some embodiments, the silicon precursor comprises substantially only

disilane. As used in this specification and the appended claims, the phrase

"substantially only disilane” means that at least 95% of the active species is disilane.
20 Other gases, such as carrier gases and inert gases, can be included in any amount.

{0039} The thickness of the amorphous silicon layer 240 can vary depending on,
for exampie, the substrate surface and subsequent films and processes. In some
embodiments, the amorphous silicon layer 240 has a thickness in the range of about 1
A to about 100 A. In one or more embodiments, the amorphous silicon layer 240 has

25 athickness in the range of about 1 A to about 50 A, or in the range of about 10 A to
about 40 A, or in the range of about 30 A to about 40 A In some embodiments, the
thickness of the amorphous silicon layer 240 is greater than O A and less than or
equal to about 50 A, 45 A or 40 A.
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{00407 A metal layer 280 is formed on the amorphous silicon fayer 240 in siep 330.

The metal layer 280 can be formed by any suitable technique including, but not limited

to, atomic layer deposition (ALD), plasma-enhanced atomic layer deposition (PE-

ALD), chemical vapor deposition (CVD), plasma-enhanced chemical vapor deposition
3 (PE-CVD) and physical vapor deposition (PVD}.

{00411 The metal layer 280 can comprise any suitable metal. In some
embodiments, the metal layer 280 comprises one or more of tungsien or
molybdenum. In some embediments, the metal layer 280 consists essentially of
tungsten.  iIn some embodiments, the metal layer 280 consists essentially of
10 molybdenum. As used in this regard, "consists essentially of" means that the metal
layer 280 is greafer than or equal to about 80, 85, 30 or 95 atomic % of the specified
compoenent. For example, a metal layer 280 consisting essentially of tungsten has a
composition that is greater than or equal fo about, for example, 90 atomic % tungsten.

{0042] In some embodiments, the metal layer 280 is deposited by CVD. A metal

15 precursor and a reactant may be coflowed into a processing chamber to deposit a
layer on the substrate. The precursor and reactant are allowed to react in the gas
phase.

[0043] In some embodiments, the metal layer 280 is deposited by ALD. In some
embodiments, the metal layer 280 is deposited by seguentially exposing the
20 amorphous silicon layer 240 to a metal precursor and a reactant.

{0044] The metal precursor can be any suilable precursor that can be used o
deposit a metal film. In some embodiments, the metal precursor comprises a metal
selected from tungsten, molybdenum and combinations thereof. In one or more
embodiments, the metal precursor comprises one or more of Wi and MoFs. in some
25 embodiments, the metal precursor is a fluorine containing precursor. It is known that
fluorine may etch silicon surface. Some embodiments of the disclosurs

advantageously allow the use of fluorine precursors because the amorphous silicon
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layer 240 can be formed 1o a thickness sufficient {o ensure that the precursor does not
remove all of the a-Si film.

[0045] The reaciant can be any suitable reactant that is able to react with a species
formed on the surface. For example, if Wk is used as the precursor, there will be -
WF, species on the surface. The reactant is able fo react with the -WF, species io
produce a W film.

[0046] FI3. 3 shows a process flow for another embodiment of the disclosure in
which a degas process 325 is included after formation of the amorphous silicon fayer
240. The amorphous silicon layer 240 in some embodiments is exposed to a degas
environment to remove outgassed species prior to forming the metal layer 280.

{00471 The deposited amorphous silicon layer 240 may evolve or oulgas a species,
for example, hydrogen. The degas environment provides an opporiunity for the
gaseous species o evolve, minimizing bubbling of the final film. The degas
environment can include any condition with allows or encourages degassing of the
film. For example, the degas environment may consists essentially of an inert gas.
As used in this regard, "consisis essentially of" means that there i3 no gaseous
specias that interfere with the cutgassing of the deposited film. Cther reactive species
may be present without inhibiting degassing of the film while still consisting essentially
of an inert gas.

[0048] Suitable inert gases include, but are not limited o, one or more of argon,

helium, nitrogen, and/or mixiures thereof.

{00481 In one or more embodiments, the ouigassed species comprises hydrogen,
SiHy, Siks, SiHy, and/or other low-order silanes.

[0050] The pressure in the processing chamber, or region of the processing
chamber can be independently conirolled for the precursor exposure and degas
environment. 0 some embodiments, exposure 1o each of the silicon precursor and

the degas environment occurs at a pressure in the range of about 10 mTorr 1o about

10
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100 Torr. In some embodiments, the silicon precursor is exposed 1o the substraie at a

pressure greater than or equal to about 500 mTorr, or greater than or equal {0 about 1

Torr, or greater than or equal to about 5 Torr, or greater than or equal to about 10

Torr, or greater than or equal to about 20 Torr, or greater than or equal to about 30
5 Torr.

[0051] The temperature at which the subsirate surface is exposed to the precursor
or degas environment can be varied depending on, for example, the thermal budget of
the device being formed and the precursor. In some embodiments, exposure 10 each
of the precursor and the degas environment occurs at a temperature in the range of

10 about 100 °C to about 700 °C. In one or more embodiments, the silicon halide
precursor is exposed {o the subsirate at a temperature in the range of about 250 °C o
about 600 °C, or in the range of about 400 °C to about 550 °C.

[0052] The thickness of the a-Si film formed with the silicon precursor before
exposure o the degas environment can be medified. In some embodiments, each

15 exposure to the silicon precursor and the degas environment grows a film with a
thickness in the range of about 5A to about 20A.

{00331 The precursor and degas environmenis can be repeatedly seguentially

exposed 1o the substrate surface to form a film with a predetermined thickness. In

some embodiments, the amorphous silicon film has a total thickness in the range of
20 about 100A to about 1um.

[0054] In some embodiments, a-Si is deposited by disilane at a wafer temperature

less than about 450 °C, and disilane partial pressure is greater than or equal to about

20 Torr. In an exemplary embodiment, the substrate is exposed io the silicon

precursor at a pressure greater than or equal to about 20 Torr at a temperature in the
25 range of about 400 °C {o about 550 °C.

[0055] Referring to FIGS. 4A and 4B, some embodiments of the disclosure further
comprise step 360 in which a glue layer 260 is deposited on the substrate before

11
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forming the amorphous silicon layer 240. The glue layer 260 is a layer that the

amorphous silicon can stick to with less likelihood of peeling than if the amorphous

silicon layer was deposited directly onto the substrate 220. In some embodiments, the

glue layer comprises TiN. In one or more embodiments, the substrate 220 has a
3 silicon oxide surface and the glue layer comprises TilN.

[0056] The thickness of the glue layer 260 can vary depending on the substraie
and the thickness of amorphous silicon to be deposiled. In some embodiments, the
glue layer 260 has a thickness in the range of about 1 A to about 30 A, or in the range
of about 5 A to about 30 A, In some embodiments, the glue layer 280 has a thickness

10 less than or equal to about 20 A, or less than or equal to about 15 A or less than or
equal to about 10 A or less than or equal to about 5 A

[0057] Referring to FIG. 4B, one or more embodiments of the disclosure are
directed 1o stacks 200 comprising a substraie 220 having an oxide surface 222. A
glue layer 260 is on the oxide surface 222. The glue layer of some embodiments
15 comprises TiN with a thickness in the range of about 5 A to about 30A. An
amorphous silicon layer 240 is on the glue layer 260 and has a thickness in the range
of about 5 A to about 50 A. A metal layer 280 is on the amorphous silicon layer 240

and comprises one or more of tungsten and molybdenum.

[0058] One or more embodiments of the disclosure are direcied to methods of
20 depositing a conformal doped amorphous silicon thin film as one or more of a glue

layer, a fluorine diffusion barrier and/or a nucleation layer for metal deposition (e.g.,

ALD tungsten deposition). While lungsten deposition is referred {0 in many

smbodiments, those skilled in the art will understand that other metals {e.g., Mo) could

be deposited by the disclosed process. The disclosure is not limited to ALD tungsten
25 deposition, ALD deposition or fungsten depaosition.

[0059] Embodiments of the disclosure include process integration schemes for
metal ALD processes. For example, tungsten deposited by atomic layer deposition on
a silicon substrate. With reference to FIG. 5, a stack 10 may include a substrate 12

iz
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{e.g., SiOz) with 3 glue layer 14 (e.g., TiN), a nucleation layer 16 {e.g., WSi; and WB,)
and a metal 18 {e.g., W}. In one or more embodiment of a process scheme, a
nucleation layer is replaced with a doped amorphous silicon layer. In some
embodiments, the nucleation layer is replaced with a doped amorphous silicon layer
and the TiN glue layer is made thinner. in one or more embodiments, both the
nucleation layer and glue layer are replaced with a doped amorphous silicon layer.

{00601 With reference to FIGS. 6A and 6B, one or more embodiments of the
disclosure are directed processing methods 500 and film stacks 400. A substrate 420
having a substrate surface 422 is provided in step 510. In step 520, the substrate 420
exposed to a silicon precursor and a dopant to form a doped amorphous silicon layer
440 on the substraie surface 422.

[0081] Some embodiments of this disclosure advantageously provide methods of
lowering deposition temperature of a nucleation layer by incorporating a dopant. In
some embodiments, the morphology of a nucleation layer is modified by adding
dopant during the conformal amorphous silicon layer deposition. In some
embodiments, the deposition temperature of amorphous silicon can be reduced from
greater than or equal to about 400 °C fo less than or equal to about 100 °C or below.
in some embodiments, tungsten film properties can be advantageously modified by
changing dopant concentrations due {o the different film properties/morphology of

doped silicon films as compared (o non-doped amorphous silicon films.

{00621 In some embodiments, the doped amorphous silicon (doped a-5i} formation
can be achieved by maximizing the partial pressure of the silicon precursor while
minimizing the waler temperature. In some embodiments, the doped amorphous
silicon is deposited using a CVD deposition process where the silicon precursor and
the dopant are exposed to the substrate simultansously.

[0063] Suitable silicon precursors include, but are not limited to, polysilanes (Si;H,)
and halosilanes (Si;H.X,). For example, polysilanes include silane, disitane {SizHs),
trisifane (SizHs), tetrasilane (SijHyg), isotetrasilane, neopentasilane (SisHyg),
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cyclopentasilane (SisHqg), hexasilane (CeHig), cyclohexasilane (SisHiz) or, in general,
Si;H, where z = 1 or more, and combinations thereof. For example, disilane, which
has a moderate processing temperature and high vapor pressure, may be used as the

silicon precursor alone or in combination with other species.

5 [0084] For example, halosilanes include dihalosilane ({SiHXo), trihalosilane
(SiHX3), tetrahalosilane (8iX4), or hexahalodisilane (SigXg) or, in general, Si;HX,
where z = 1 or more X is a halogen and b = 1 or more, and combinations thereof. In
some embodiments, the halogen present in the halosilane is independently selected
from fluorine, chiorine, bromine or iodine. In some embodiments, the halogen

10 consisis essentially of chiorine.

[0065] In some embodiments, the silicon precursor comprises substantially only
disilane. In some embodiments, the silicon precursor comprises substantially only
dichiorosilane. As used in this specification and the appended claims, the phrase
"substantially only” means that at least 95% of the active species is the stated
15 species. Other gases, such as carrier gases and inert gases, can be included in any

amount.

{00667 The dopant may be any material suitable for doping the depgosited
amorphous silicon layer. In some embodiments, the doped amorphous silicon layer
comprises oneg or more of boron, phosphorous, arsenic or germanium. In some
20 embodimenis, the dopant comprises one or more of borane, diborane, phosphing,
diphosphine, arsine, diarsine, germane or digermane. In some embodiments, the
dopant comprises substantially only diborane. In some embodiments, the dopant
comprises substantially only diphosphine. In some embodiments, the dopant
comprises substantially only diarsine. In some embodiments, the dopant comprises

25 substantially only digermane.

{00677 The thickness of the doped amorphous silicon layer 440 can vary
depending on, for example, the substrale surface and subsequent films and
processes. In some embodiments, the doped amorphous silicon layer 440 has a

14
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thickness greater than or equal to about 20 A. In one or more embodiments, the
doped amorphous silicon layer 440 has a thickness in the range of about 1 A to about
200 A, or in the range of about 10 A to about 150 A, or in the range of about 20 A to
about 100 A, or in the range of about 40 A to about 100 A. In some embodiments, the
doped amorphous silicon layer 440 has a thickness in the range of about 10 Ato
about 50 A. In some embodiments, the thickness of the doped amorphous silicon
layer 440 is greater than 0 A and less than or equal to about 100 A, 75 A, 50 A, 45 A
or 40 A. In some embodiments, the doped amorphous silicon layer 440 has a
minimum thickness sufficient to form a continuous layer. As used herein, the term
“continuous” refers to a layer that covers an entire exposed surface without gaps or
bare spois thal reveal materigl underlying the deposited layer. A conlinucus layer
may have gaps or bare spols with a surface area less than about 1% of the fotal

surface area of the film.

[00688] in some embodimenis, the doped amorphous silicon layer 440 forms
conformally on the subsirate 420. As used herein, the term “conformal”, or
“conformally”, refers 1o a layer that adheres 1o and uniformly covers exposed surfaces
with a thickness having a variation of less than 1% relative to the average thickness of
the film. For example, a 100 A thick film would have less than 1 A variations in
thickness. This thickness and variation includes edges, corners, sides, and the bottom
of recesses. For example, a conformal layer deposited in various embodiments of the
disclosure would provide coverage over the deposited region of essentially uniform
thickness on complex surfaces.

{0069} A metal layer 480 is formed on the doped amorphous silicon layer 440 in
step 530. The metal layer 480 can be formed by any suitable technigue including, but
not limited to, atomic layer deposition (ALD), plasma-enhanced atomic layer
deposition (PE-ALD), chemical vapor deposition (CVD), plasma-enhanced chemical
vapor deposition (PE-CVD) and physical vapor deposition (PVD).

[
(41
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{00701 The metal layer 480 can comprise any suitable metal. In some
embodiments, the metal layer 480 comprises one or more of tungsten or
molybdenum.  In some embodimenis, the metal layer 480 consists essentially of
tungsten. In some embodiments, the metal layer 480 consists essentially of
3 molvbdenum. As used in this regard, "consists essentially of" means that the metal
layer 480 is greater than or equal to about 80, 85, 80 or 95 atomic % of the specified
component. For example, a metal layer 480 consisting essentially of tungsten has a
composition that is greater than or equal (o about, for example, 80 atomic % tungsten.

[0071]  In some embodiments, the metal layer 480 is deposited by CVD. A metal

10 precursor and a reactant may be cofiowed into a processing chamber fo deposit a
layer on the substrate. The precursor and reactant are allowed to reaci in the gas
phase.

[0072] In some embodiments, the metal layer 480 is deposited by ALD. In some
embodiments, the metal layer 480 is deposited by sequentially exposing the doped

15 amorphous silicon layer 440 to a metal precursor and a reactant.

[0073] The metal precursor can be any suitable precursor that can be used o
deposit a metal film. In some embodiments, the metal precursor comprises a metal
selected from tungsten, molybdenum and combinations thereof. In one or more
embodiments, the metal precursor comprises one or more of WFg and MoFg. In some

20 embodimenis, the metal precursor is a flucrine containing precursor. It is known that
fluorine may efch silicon surface. Some embodiments of the disclosure
advantageously allow the use of fluorine precursors because the doped amorphous
silicon layer 240 can be formed to a thickness sufficient to ensure that the precursor
does not remove all of the doped amorphous silicon film.

25  [0074] The reactant can be any suitable reactant that is able 1o react with a species
formed on the surface. For example, in an ALD process, if WF; is used as the
precursor, there will be -WF, species on the surface. The reactant is able o react with
the -WF, species o produce a W film.

16
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[0075] FiG. 7 shows a process flow for another embodiment of the disclosure in
which a degas process 125 is included after formation of the doped amorphous silicon
layer 440. The doped amorphous silicon layer 440 in some embodiments is exposed
to a degas environment to remove oulgassed species prior to forming the metal layer
480.

[0076] The deposited doped amorphous silicon layer 440 may evolve or outgas a
species, for example, hydrogen. The degas environment provides an opportunity for
the gaseous species o evoive, minimizing bubbling of the final film. The degas
environment can include any condition with allows or encourages degassing of the
film. For example, the degas environment may consists essentially of an inert gas.
As used in this regard, "consisis essentially of" means that there is no gaseous
species that interfere with the outgassing of the deposited film. Other reactive species
may be present without inhibiting degassing of the film while still consisting essentially
of an ineri gas.

[0077] Suitable inert gases include, but are not limited o, one or more of argon,

helium, nitrogen, and/or mixtures thereof.

[0078] in one or more embodiments, the oculgassed species comprises hydrogen,
SiHz, SiH;, SiHy, and/or other low-order silanes.

{00791 The pressure in the processing chamber, or region of the processing
chamber can be independently controlled for the precursor exposure and degas
environment.  In some embodiments, exposure to each of the silicon precursor,
dopant and the degas environment occurs at a pressure in the range of about
100 mTorr 1o about 600 Torr. In some embodiments, the silicon precursor and/or the
dopant is exposed to the substrate at a pressure greater than or equal to about 500
mTorr, or greater than or equal to about 1 Torr, or greater than or equal o about 5
Torr, or greater than or equal to about 10 Torr, or greater than or egual io about 20
Torr, or greater than or equal to about 30 Torr.
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{0080] The temperature at which the substrate surface is exposed to the silicon
precursor, dopant and/or degas environment can be varied depending on, for
example, the thermal budget of the device being formed and the silicon precursor
and/or dopant. In some embodiments, exposure io sach of the silicon precursor, the
dopant and/or the degas environment occurs at a temperature in the range of about
25 °C to about 700 °C. In one or more embodiments, the doped amorphous silicon
layer 440 is formed at a temperature in the range of about 25 °C to about 700 °C, orin
the range of about 50 °C to about 600 °C, or in the range of about 100 °C to about
550 °C. in some embodiments, the doped amorphous silicon layer 440 is formed at a
temperature greater than or equal fo about 25 °C and less than or equal 1o about 550
°C, less than or equal to about 400 °C, less than or equal fo about 250 °C, less than
or equal fo about 200 °C, or less than or equal to about 100 °C.

[0081] The thickness of the doped amorphous silicon layer 440 formed with the
silicon precursor and the dopant before exposure o the degas environment can be
modified. In some embodiments, each exposure o the silicon precursor, the dopant
and the degas environment grows a film with a thickness in the range of about 5 A to
about 20 A, or about 20 A to about 100 A, or about 40 A to about 100 A.

[0082] The precursor, dopant and degas environments can be repeatedly
sequentially exposed to the substrate surface to form a film with a predetermined
thickness. In seme embodiments, the amorphous silicon film has a total thickness in

the range of about 20 A to about 1 um.

[0083] Referring to FIGS. 8A and 8B, some embodiments of the disclosure further
comprise step 560 in which a glue layer 460 is deposited on the subsirate before
forming the doped amorphous silicon layer 440. The glue layer 480 is a layer that the
doped amorphous silicon can stick to with less likelihood of peeling than if the doped
amorphous silicon layer was deposited directly onto the substrate 420. In some
embodiments, the glue layer comprises TIN. In one or more embodiments, the
substraie 420 has a silicon oxide surface and the glue layer comprises TiN.
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[0084] The thickness of the glue layer 460 can vary depending on the substraie
and the thickness of doped amorphous silicon to be deposited. In some
embodiments, the glue layer 460 has a thickness in the range of about 1 A to about 30
A, orin the range of about 5 A to about 30 A. In some embodiments, the glue laver
4860 has a thickness less than or equal to about 20 A, or less than or equal to about 15
A or less than or equal to about 10 A or less than or equal to about 5 A.

[0085] Referring to FiG. 8B, one or more embodiments of the disciosure are
directed 1o stacks 400 comprising a substrate 420 having an oxide surface 422. A
glue layer 460 is on the oxide surface 422. The giue layer of some embodiments
comprises TIN with a thickness in the range of about 5 A to about 30 A. A doped
amaorphous silicon layer 440 is on the glue layer 460 and has a thickness in the range
of about 5 A to about 50 A. A metal layer 480 is on the doped amorphous silicon layer

440 and comprises one or more of tungsten and molybdenum.

{00861 COne or more embodiments of the disclosure are directed 1o methods of
depositing a metal layer on a thin film comprising one or more of boron or silicon as
one or more of a glue layer, a fluorine diffusion barrier and/or a nucleation layer
without the use of a barrier layer. While the deposition of fungsten metal is referred to
in many embodiments, those skilled in the art will understand that other metals (e.q.,
Mo} can be deposited by the disclosed processes. Additionally, the disclosure is not
limited to metal deposition by ALD deposition or deposition of tungsten.

{00871 Some embodiments of this disclosure advantageously provide methods of
depositing a metal layer on a substrate surface which is substantially free of a barrier
layer. The relative absence of the batlier fayer allows for the formation of metal lines
or structures which have relatively lower resistance than similar structures which
contain a barrier layer. Without being bound by theory, it is believed that the absence
of the bamier layer allows for a greater volume of metal deposition in the same volume
and thereby a lower resistance of the metal bulk. In some embodiments, the metal

layer is deposited as part of a metal stack. In some embodiments, a nucleation layer
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is formed directly on the substrate surface without a batlier layer. In some
smbodiments, the nucleation layer comprises one or more of silicon or boron.

[0088] A skilled artisan will recognize that fluorine-containing compounds may etch
certain surfaces (e.q., silicon surfaces). Some embodiments of the disclosure
advantageously allow for the use of fluorine-containing metal precursors without a
barrier layer. Without being bound by theory, it is believed that the nucleation layer
830 can be formed 1o a thickness sufficient to ensure that the metal precursor doss
not remove the entire nucleation layer and etch, or otherwise damage, the substrate

surface.

{00891 In some embodimenis, the metal precursor exposed to the nucleation layer
comprises substantially no fluorine. Without being bound by theory, it is believed that
by using metal precursors without fluorine, the effects of fluorine attack on the

substrate surface can be minimized or eliminated.

{00807 With reference to FIGS. 2A and 9B, one or more embodiments of the
disclosure are directed processing methods 700 for forming film stacks 800. At 710, a
substrate 820 having a substrate surface 822 is exposed to a nucleation precursor 1o
form a nucleation layer 830. I[n some embodiments, the nucleation layer 830 is
formed by thermal decomposition of the nucleation precursor.

{00811  in some embodiments, the subsirate 820 comprises a dielectric. In some
embodiments, the substrate 820 comprises one or more of silicon dioxide or aluminum
oxide. In some embodiments, the substrate 820 consists essentially of silicon oxide or
aluminum oxide. As used in this regard, “consists essentially of” means that the
substrate comprises greater than 85%, 98%, 99% or 99.5% of the stated material on
an atomic basis. A skilled artisan will recognize that the terms “silicon oxide” and
“aluminum oxide” do not convey any specific atomic ratio. These materials may be

gither stoichiometric or non-stoichiometric.
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{00821 In some embodiments, the substrate surface 822 is substantially free of a
barrier layer. As used in this regard, “substantially free of 3 barrier layer” means that
less than 5%, 2%, 1% or 0.5% of the substrate surface comprises a barrier layer. In
some embodiments, the substrate surface 822 is substantially free of a barrier layer
comprising one or more of TiN, TaN, SiN, TiSIN or SiCN.

[0083] In some embodiments, the nucleation precursor comprises a boron
precursor and the nucleation layer is a boron layer. In some embodimenis, the
nucleation precursor consists essentially of a boron precursor. In some embodiments,

the boron layer is an amorphous baron layer.

[0084] Suitable boron precursors include, but are not limited to, boranes,
alkylboranes and haloboranes. In some embodimenis, the boron precursor comprises
one or more species with a general formula of BJHOGR:, where each X is a halogen
independently selected from F, Cl, Br and |, each R is an independently selected Ct-
C4 alkyl group, ¢ is any infeger greater than or equal 1o 2, each of d, e and 1 are less
than or equal to ¢+2 and d+e+f is equal {0 c+2.

[0085] In some embodiments, the nucleation precursor comprises a silicon
precursor and the nucleation layer is a silicon layer. In some embodiments, the
nucleation precursor consists essentially of a silicon precursor. in some

embodiments, the silicon layer is an amorphous silicon layer.

[0086] Suitable silicon precursors include, but are not limited to, polysilanes and
halosilanes. In some embodiments, the silicon precursor comprises one of more
species with a general formula of SigHnX, where each X is a halogen independently
selected from F, Cl, Brand |, g is any integer greater than or egual to 1, h and i are
each less than or squal to 2g+2 and h+i is equal 10 2¢+2.

{00977 In some embodiments, the nucleation precursor comprises a silicon
precursor and & boron precursor and the nucleation layer comprises silicon and boron.
in some embodiments, the nucleation layer is amorphous. In some embodiments, the
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amorphous layer comprises no meore than 5 alomic percent silicon. in some
embodiments, the amorphous layer comprises no more than 5 atomic percent boron.

[0098] The thickness of the nucleation layer 830 can vary depending on, for
example, the substrate surface 822 and subsequent films and processes. In some
5  embodiments, the nucleation layer 830 has a thickness greater than or equal o about
20 A. In one or more embodiments, the nucleation layer 830 has a thickness in the
range of about 1 A to about 200 A, or in the range of about 10 A to about 150 A, or in
the range of about 20 A to about 100 A, or in the range of about 40 A to about 100 A.
in some embodiments, the nucleation layer 830 has a thickness in the range of about
10 10 A to about 50 A. In some embodiments, the thickness of the nucleation layer 830
is greater than 0 A and less than or equal to about 100 A, 75 A, 50 A, 45 A or 40 A.

{01007 In some embodiments, the nucleation layer 830 has a minimum thickness
sufficient to form a continuous layer. As used herein, the term "continuous” refers to a
layer that covers an entire exposed surface without gaps or bare spots that reveal

15 material underlying the deposited layer. A continuous layer may have gaps or bare
spots with a surface area less than about 1% of the tolal surface area of the film.

[0181] In some embodiments, the nucleation layer 830 forms conformally on the
substrate surface 822. As used herein, the term "conformal”, or "conformally”, refers to
a layer that adheres to and uniformly covers exposed surfaces with a thickness having
20 avaviation of less than 1% relative o the average thickness of the film. For example, a
100 A thick film would have less than 1 A variations in thickness. This thickness and
variation includes edges, corners, sides, and the boltorn of recesses. For example, a
conformal layer deposited in various embodiments of the disclosure would provide
coverage over the deposited region of essentially uniform thickness on complex

25 surfaces.

[0102] At 720 the nucleation layer 830 is exposed to a first metal precursor to form
a first metal layer 840. The first metal precursor comprises a first metal. In some

embodiments, forming a first metal layer is performed by converting the nucleation
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layer fo a first melal layer. in some embodiments, the conversion process involves
substituting atoms of the nucleation layer with first metal atoms. In some

embodiments, M, is added to as a co-reactant with the first metal precursor.

{01031 The first metal may be any suitable metal. in some embodiments, the first
5 metal comprises tungsten or molybdenum.  In some embodiments, the first metal
precursor comprises one or more ligand selected from halides, carbonvis or
cyclopentadienes.  In some embodiments, the first metal precursor comprises or
consists essentially of one or more of Wkg, WCls, WCls, W{CO)5, MoFs, MoCls, or
Mo{CO)s. In some embodiments, the first metal precursor consists essentially of
10 W(CO). As used in this regard, “consists essentially of” means that the first metal
precursor comprises greater than 95%, 98%, 99% or 99.5% of the stated species,

[0184] In some embodiments, the first metal precursor comprises subsiantially no
fluorine. As used in this regard, "comprises substantially no fluoring” means that the
first metal precursor comprises less than 2%, 1%, 0.5% or 0.1% fluorine aioms on an

15  atomic basis.

[0105] At 730, a second melal layer 850 is formed on the first metal layer 840 by
exposing the substrate 820 to a second metal precursor. The second metal precursor
comprises a second metal. The second metal may be any suitable metal. In some
embodiments, the second metal comprises tungsten or molybdenum. In some
20 embodiments, the second metal layer 850 consists essentially of tungsien. In some
embodiments, the second metal layer 850 consists essentially of molybdenum. As
used in this regard, "consists essentially of” means that the second metal layer 850
comprises greaier than 95%, 98%, 99% or 99.5% of the specified element on an
atomic basis. In some embodiments, the first metal precursor and second metal
25 precursor comprise the same metal. In some embodiments, the first metal precursor

and second metal precursor comprise different metals.

[0106] In some embodiments, the second metal precursor comprises one or more
ligand selected from halides, carbonyls or cyclopentadienes. In some embodiments,
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the second metal precursor comprises or consists essentially of one or more of Wk,
WClg, WCls, W{CO}s5, MaFs, MoCls, or Mo{COls. In some embodiments, the second
metal precursor consists essentially of W{CQ}s. As used in this regard, “consisis
essentially of” means that the first metal precursor comprises greater than 95%, 98%,
99% or 99.5% of the stated species.

{01077 The second metal layer 850 can be formed by any suitable technigue
including, but not limited to, atomic layer deposition {ALD), plasma-enhanced atomic
layer deposition (PE-ALD), chemical vapor deposition (CVD), plasma-enhanced
chemical vapor deposition (PE-CVD} and physical vapor deposition (PVD).

[0108] In some embodiments, the second metal layer 850 is formed by CVD. A
second metal precursor and a reactant may be coflowed into a processing chamber to
deposit a second metal layer 850 on the subsirate 820. The second metal precursor
and reactant are allowed to react in the gas phase.

{01881  In some embodiments, the second metal layer 850 is deposited by ALD. In
some embodiments, the second melal layer is formed by separaiely exposing the

substrate surface {0 a second tungsten precursor and a reactant.

{0110}  The reactant can be any suitable reactant that is able 1o react with a species
formed on the surface. For example, in an ALD process, if WF; is used as the
precursor, there will be -WF, species on the surface. The reactant is able o react with
the -WF, species to produce a W film. In some embodiments, the reaciant comprises
hydrogen gas (Hy) or nitrogen gas (Naz).

{01111  In some embodiments, an inert gas may be added io the processing
chamber during processing. In some embodiments, an inert gas is added during
formation of the first metal film 840. In some embodiments, an inert gas is added
during formation of the second metal film 850. Inert gases may be flowed into the
processing chamber with the first or second metal precursor or may be flowed
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separately. In some embodiments, an inert gas comprises one or more of Ar, He, or
nitrogen gas (Np).

[0112] The temperature at which the substrate surface is exposed to the nucleation
precursor, first metal precursor and/or second metal precurser can be varied
depending on, for example, the thermal budget of the device being formed and the
precursors selected. In some embodiments, exposure fo each of the precursors
occurs at a temperature in the range of about 25 °C 1o about 700 °C. In one or more
embodiments, the substrate is exposed at a temperature in the range of about 25 °C
to about 700 °C, or in the range of about 50 °C fo about 800 °C, or in the range of
about 100 °C io about 550 °C. In some embodiments, the substraie is exposed at a
temperature greater than or equal o about 25 °C and less than or equal to about 550
°C, less than or equal to about 400 °C, less than or equal to about 250 °C, less than
or equal to about 200 °C, or less than or equal to about 100 *C. In some
embodiments, the nucleation layer 830 and the first metal film 840 are formed at a
temperature in a range of about 300 °C to about 550 °C, while the second metal film is
formed at a temperature in a range of about 200 °C o about 550 °C.

[0113] The pressure at which the subsirate surface is exposed to the nucleation
precursor, first metal precursor and/or second metal precurser can be varied
depending on, for example, the precursors selected and other process conditions. In
some embodiments, exposure 10 each of the precursors occurs at a pressure in the
range of about 0.01 Torr to about 100 Torr. In one or more embodiments, the
substrate is exposed at a pressure in the range of about 0.01 Torr to about 100 Torr,
or in the range of about 0.1 Torr to about 80 Torr, or in the range of about 1 Torr to
about 80 Torr. In some embodimenis, the substrate is exposed at a pressure greater
than or equal to about 1 Torr and less than or egual to about 100 Tor, less than or
equal to about 80 Torr, less than or equal 1o about 60 Torr, less than or egual to about
40 Torr, or less than or equal fo about 25 Torr. In some embodiments, the substrate
is exposed at a pressure in a range of about 4 Torr to about 100 Torr.

N2
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{0114] One or more embodiment of the disclosure is directed to methods of
depositing a high quality a-Si layer with lower hydrogen contert.  In some
embodiments, the a-Si layer is deposited at a relatively high pressure and relatively
high temperature. In some embodiments, deposition occurs at a pressure greater
than or equal to about 200 Torr, greater than or equal to about 225 Taorr, greater than
or equal to about 250 Torr, greater than or equal o about 275 Towmr, greater than or
equal to about 300 Torr, greater than or equal 1o gbout 325 Torr, or greater than or
equal to about 350 Torr. In some embodiments, the substrate surface is maintained
at a temperature greater than or equal to about 450 °C, greater than or equal io about
475 °C, greater than or equal to about 500 °C, greater than or equal to about 525 °C,
or greater than or equal to about 550 °C.

[0115] The quality of the amorphous silicon film is determined based on the
hydrogen content of the film, as measured by Rutherford Backscatiering Spectrometry
(BBS). In some embodiments, the hydrogen content of the a-Si layer is less than or
equal {o 6 atomic percent, less than or equal 1o 5 atomic percent, less than or equal to
4 atomic percent, less than or equal to 3 atomic percent, less than or equal to 2
atomic percent, less than or equal to 1 atomic percent, or less than or equal 1o 0.5

atomic percent.

{0116}  According to some embodiments, the nucleation layer (i.e., the high guality
amorphous silicon film) is converted to a metal (e.g., tungsten) film at low temperature
to provide a film with less fluorine penetration (i.e., fluorine content) to reduce film
peeling and decrease film resistivily. In some embodiments, the nucleation fayer is
exposed to the first metal precursor at a temperature of less than or equal o about
450 °C, less than or egual o about 425 °C, less than or equal to about 400 °C, less
than or equal to about 375 °C, or less than or egual to about 350 °C. In some
embodiments, the nucleation layer is exposed fo the first metal precursor at a
temperature of greater than or equal to about 250 °C, greater than or equal to about
275 °C, greater than or equal fo about 300 °C, greater than or equal to about 325 °C,
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or greater than or egual to about 350 °C. In some embodiments, the nucleation layer
is exposed to the first metal precursor at a temperature in the range of about 250 °C to
about 450 °C, or in the range of albout 275 °C {o about 425°C, or in the range of about
300 °C to about 400 °C.

[0117]  Without being bound by theory, it is believed that the relatively low fluorine
peneiration of some embodiments provides better film adhesion {(e.g., less film
peeling) and a lower resistivity for the resulting first metal film. In some embodiments,
the fluarine concentration of the resulting first metal film is less than or equal to about
1x10%" atoms/cm? less than or equal to about 7.5x10% atoms/cm® or less than or
equal to about 5x10% atoms/cm®, or less than or equal to about 2.5x10%° atoms/cm?,
or less than or equal to about 1x10%° atoms/cm®. In some embodiments, the resistivity
of & resulting first metal film with a thickness of about 26 nm is less than or equal
about 20 uQ-cm, less than or equal to about 19 uQ-cm, less than or equal 1o about 18
uld-cm, less than or egual to about 17 uli-cm, less than or sgual to about 16 u-cm,
or less than or egual to about 15 uQ-cm.

[0118] One or more embodiment of the disclosure is directed o methods of
depositing a low-fluorine tungsten bulk film by atomic layer deposition with relatively
larger tungsten grain size, as measured by x-ray diffraction (XRD). In some
embodiments, the deposition of the low-fluorine bulk tungsten is performed by atomic
layer deposition while the substrate is maintained at a temperature of grealer than or
equal to about 450 °C, greater than or equal to about 475 °C, greater than or equal o
about 500 °C, or greater than or equal to about 525 °C.

{01191 The inventors have found that the grain size of the low-fluoring bulk
tungsten film is directly proportional to the temperature at which the film is deposited.
For example, higher deposition temperatures will form films with higher grain sizes.
Without being bound by theory, it is believed that smaller tungsten grains cause
glectron scatlering. In some embodiments, the average grain size of the low-fluorine

bulk tungsten is greater than or equal to about 110 A greater than or equal to about
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115 A, greater than or equal to about 120 A, greater than or equal to about 122 A,
greater than or equal to about 124 A, greater than or equal to about 126 A, or greater
than or equal to about 128 A, or greater than or egual io about 130 A. The grain size
of a low-fluorine bulk fungsten film formed at low temperature (i.e., 300-400 °C) is less
than 110 A

{01201 The inveniors have found that the resistivity of the low-fluorine bulk fungsten
film is increased by greater than or equal {0 about 0.5 uQ-cm, greater than or equal io
about 0.75 u-cm, or greater than or equal to about 1.0 utk-cm for every 10 °C below
500 °C that the deposition of the low-fluorine bulk tungsten is performed. For
example, if a low-fluorine bulk tungsten film deposited at 500 °C has a resistivity of 15
ul-cm. a similar film deposited at 480 °C may have a resistivily of greater than or
equal to 17 uQ-cm.

{01211  According to one or more embodiments, the substrate is subjected o
processing prior fo and/or after processing according to the disclosure.  This
processing can be performed in the same chamber or in one or more separate
processing chambers. In some embodiments, the substrate is moved from the first
chamber t0 a separate, second chamber for further processing. The subsirate can be
moved directly from the first chamber o the separate processing chamber, or it can be
moved from the first chamber to one or more transfer chambers, and then moved o
the separate processing chamber.  Accordingly, the processing apparatus may
comprise multiple chambers in communication with a transfer station. An apparatus of

this sort may be referred to as a "cluster tool” or "clustered system,” and the like.

{01221 Generally, a cluster tool is a modular system comprising mulliple chambers
which perform various functions including substrate center-finding and orientation,
degassing, annealing, deposition and/or eiching. According o one or more
embodiments, a cluster ool includes at least a first chamber and a central transfer
chamber. The ceniral fransfer chamber may house a robot that can shuttle substrates
between and among processing chambers and load lock chambers. The transfer
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chamber is typically maintained at a vacuum condition and provides an intermediate
stage for shutlling substrates from one chamber to another and/or to a load lock
chamber positioned at a front end of the cluster tool. Two well-known cluster tools
which may be adapted for the present disclosure are the Centura® and the Endura®,
3 both available from Applied Materials, inc., of Santa Clara, Calif. However, the exact
arrangement and combination of chambers may be altered for purposes of performing
specific steps of a process as described herein.  Other processing chambers which
may be used include, but are not limited to, cyclical layer deposition (CLD), atomic
layer deposition (ALD), chemical vapor deposition {CVD), physical vapor deposition
10 (PVD)
nitridation, degas, orientation, hydroxylation and other subsirate processes. By

, etch, pre-clean, chemical clean, thermal treatment such as RTP, plasma
carrying out processes in a chamber on a cluster iool, surface contamination of the
substrate with atmospheric impurities can be avoided without oxidation prior 1o
depositing a subsequent film.

15 j01231  According to one or more embodiments, the substrate is continuously under
vacuum or "load lock” conditions, and is not exposed to ambient air when being
moved from one chamber o the next. The transfer chambers are thus under vacuum
and are "pumped down" under vacuum pressure. Inert gases may be present in the
processing chambers or the transfer chambers. In some embodiments, an inert gas is

20 used as a purge gas to remove some or all of the reactants. According to one or more
embodimenis, a purge gas is injected at the exit of the deposition chamber 1o prevent
reactants from moving from the deposition chamber to the transfer chamber and/or
additional processing chamber. Thus, the flow of inert gas forms a curtain at the exit
of the chamber.

25 [(M24] The substrate can be processed in single substrale deposition chambers,
where a single substrate is Ipaded, processed and unloaded before angther substrate
is processed. The subsirate can also be processed in a continuous manner, similar o

a conveyer system, in which multiple subsirate are individually loaded info a first part
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of the chamber, move through the chamber and are unloaded from a second part of
the chamber. The shape of the chamber and associated conveyer system can form a
straight path or curved path. Additionally, the processing chamiber may be a carouse!
in which multiple substrates are moved about a ceniral axis and are exposed to

deposition, eich, annealing, cleaning, etc. processes throughout the carousel path.

[0128] During processing, the substrate can be heated or cooled. Such heating or
cooling can be accomplished by any suilable means including, but not limited to,
changing the temperature of the substrate support and flowing heated or cooled gases
to the substrate surface. In some embodimenis, the substrate support includes a
heater/cooler which can be controlled to change the subsirale temperature
conductively. In one or more embodiments, the gases (either reactive gases or inert
gases) being employed are healed or cooled to locally change the substrale
temperature. In some embodiments, a heater/cooler is positioned within the chamber

adiacent the subsirate surface to convectively change the substrate temperature.

{0126] The substrate can also be stationary or rotated during processing. A
rotating substrate can be rotated continuously or in discrete steps. For example, a
substrate may be rotated throughout the entire process, or the substrate can be
rotated by a small amount between exposures {o different reactive or purge gases.
Rotating the substrate during processing (either continuously or in steps) may help
produce & more uniform deposition or eich by minimizing the effect of, for example,
local variability in gas flow geometries.

[0127] Reference throughout this specification to "one embodiment,” "certain
embodiments,” "one or more embodiments” or "an embodiment® means thal a
particular feature, structurs, material, or characteristic described in connection with the
embodiment is included in al least one embodiment of the disclosure. Thus, the
appearances of the phrases such as "in one or more embodiments,” "in certain

LU H

embodiments,” "in one embodiment” or "in an embodiment” in varicus places

throughout this specification are not necessarily referring to the same embodiment of
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the disclosure. Furthermore, the particular fealures, structures, mailerials, or
characteristics may be combined in any suitable manner in one or more embodiments.

{01287 Although the disclosure herein has been described with reference {o
particular embodiments, it is 0 be understood that these embodiments are merely
iHustrative of the principles and applications of the present disclosure. it will be
apparent 1o those skilied in the art that various modifications and variations can be
made to the method and apparatus of the present disclosure without departing from
the spirit and scope of the disclosure. Thus, it is intended that the present disclosure
include modifications and variations that are within the scope of the appended claims
and their equivalenis.
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