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DOWNSTREAM PROCESSING

DEPOSITING AN OXIDE LAYER HAVING ATOP
SURFACE ATOP A LOW-K DIELECTRIC LAYER,
WHEREIN THE OXIDE LAYER AND LOW-K
DIELECTRIC LAYER ARE DISPOSED UPON A
SUBSTRATE AND WITHIN A FILM 8TACK

-~ 103

CONTACTING THE OXIDE LAYER WITH ARGON
PLASMA IN AN AMOUNT SUFFICIENT TO CLEAN
THE OXIDE LAYER

FIG. 1

(57) Abstract: Methods and apparatus for reducing arcing of a silicon oxide layer in a film stack are provided. In some embodiments
a method for reducing arcing of a silicon oxide layer in a film stack includes: depositing a silicon oxide layer having a top surface
atop a low-k dielectric layer, wherein the silicon oxide layer and low-k dielectric layer are disposed upon a substrate and within a film
stack; contacting the silicon oxide layer with argon plasma in an amount sufficient to clean the silicon oxide layer; and depositing a
nitride layer atop the silicon oxide layer.
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METHODS OF CLEANING AN OXIDE LAYER IN A FILM STACK TO ELIMINATE
ARCING DURING DOWNSTREAM PROCESSING

FIELD
[0001] Embodiments of the present disclosure generally relate to electronic device

processing, and more particularly, reducing arcing of one or more layers within a film

stack such as a film stack subjected to high-pressure downstream processing.

BACKGROUND

[0002] Microelectronic devices are generally fabricated on a semiconductor

substrate as integrated circuits wherein various conductive layers are interconnected
to one another to facilitate propagation of electronic signals within the device. Such
devices may include, for example, transistors such as complementary matal-oxide-
semiconducior (CMOE) field effect transistors or storage elements in memories such
as magneto-resistive random access memories (MRAM) that facilitate storage of

digital information.

[0003] Integrated circuits in the 10/7 nm nodes and beyond typically include layers
of material deposited as overlying blanket films to form film stacks, and patterned to
form a desired semiconductor device. Patterning of a semiconductor device may
include use of a hard mask in which one or more layers are added to a film stack
during fabrication. The inventors have observed that layers in a semiconductor film
stack such as thin oxide films are not stable during downstream processing such as
patterning under high pressure conditions and may be easily warped or damaged
during device fabrication or use thereof. For example, arcing of a layer within a film
stack problematically decreases productivity and increases the cost of fabricating
the semiconductor devices. Moreover, the inventors have observed contamination
on a substrate prior to hard mask application thereto and contamination within a
process chamber problematically promotes arcing of layers within the semiconductor

device.

[0004] Therefore, the inventors believe that there is a need in the art for improved

methods of fabricating film stacks such as those used in integrated circuits in the
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10/7 nm nodes and beyond and for oxide layers in semiconductor film stacks with a
durability sufficient to withstand typical integrated circuit or MRAM processing such

as hard mask deposition under high pressure conditions.

[0005] Accordingly, the inventors have provided improved methods and apparatus

for depositing materials via physical vapor deposition.

SUMMARY

[0006] Methods and apparatus for forming a semiconductor structure are provided
herein. In some embodiments, a method for forming a semiconductor structure,
includes: depositing an oxide layer having a top surface atop a low-k dielectric layer,
wherein the oxide layer and low-k dielectric layer are disposed upon a substrate and
within a film stack; and contacting the oxide layer with argon plasma in an amount

sufficient to clean the oxide layer.

[0007] In some embodiments, a method of cleaning an oxide layer in a film stack,
includes: contacting an oxide layer disposed atop a low-k dielectric layer with argon
plasma under conditions sufficient to clean the oxide layer, wherein the oxide layer

and low-k dielectric layer are disposed upon a substrate and within a film stack.

[0008] In some embodiments, a method of reducing arcing of an oxide layer in a
film stack, includes: contacting an oxide layer disposed atop a low-k dielectric layer
with argon plasma under conditions sufficient to clean the oxide layer, wherein the
oxide layer and low-k dielectric layer are disposed upon a substrate and within a film

stack.

[0009] In some embodiments, a method of reducing arcing of a silicon oxide layer in
a film stack, includes: depositing a silicon oxide layer having a top surface atop a
low-k dielectric layer, wherein the silicon oxide layer and low-k dielectric layer are
disposed upon a substrate and within a film stack; contacting the silicon oxide layer
with argon plasma in an amount sufficient to clean the silicon oxide layer; and

depositing a nitride layer atop the silicon oxide layer.

[0010] In some embodiments, a method of cleaning an oxide layer in a film stack,
includes: contacting a silicon oxide layer disposed atop a silicon oxycarbide low-k

dielectric layer with argon plasma under conditions sufficient to clean the silicon

2
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oxide layer, wherein the silicon oxide layer and silicon oxycarbide low-k dielectric

layer are disposed upon a substrate and within a film stack.

[0011] In some embodiments, a method of forming a semiconductor film stack,
includes: contacting a silicon oxide layer disposed atop a silicon oxycarbide low-k
dielectric layer with argon plasma under conditions sufficient to clean the silicon
oxide layer, wherein the silicon oxide layer and silicon oxycarbide low-k dielectric

layer are disposed upon a substrate and within a film stack.

[0012] In some embodiments, the present disclosure relates to a non-transitory
computer readable medium having instructions stored thereon that, when executed,
cause a method of reducing arcing of a silicon oxide layer in a film stack, including:
depositing a silicon oxide layer having a top surface atop a low-k dielectric layer,
wherein the silicon oxide layer and low-k dielectric layer are disposed upon a
substrate and within a film stack; contacting the silicon oxide layer with argon
plasma in an amount sufficient to clean the silicon oxide layer; and depositing a

nitride layer atop the silicon oxide layer.

[0013] In some embodiments, the present disclosure relates to a non-transitory
computer readable medium having instructions stored thereon that, when executed,
cause a method of cleaning a silicon oxide layer in a film stack, including: contacting
a silicon oxide layer disposed atop a silicon oxycarbide low-k dielectric layer with
argon plasma under conditions sufficient to clean the silicon oxide layer, wherein the
silicon oxide layer and silicon oxycarbide low-k dielectric layer are disposed upon a
substrate and within a film stack.

[0014] In some embodiments, the present disclosure relates to a non-transitory
computer readable medium having instructions stored thereon that, when executed,
cause a method of forming a semiconductor film stack, including: contacting a silicon
oxide layer disposed atop a silicon oxycarbide low-k dielectric layer with argon
plasma under conditions sufficient to clean the silicon oxide layer, wherein the
silicon oxide layer and silicon oxycarbide low-k dielectric layer are disposed upon a

substrate and within a film stack.

[0015] Other and further embodiments of the present disclosure are described

below.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Embodiments of the present disclosure, briefly summarized above and

discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the disclosure depicted in the appended drawings. However, the
appended drawings illustrate only typical embodiments of the disclosure and are
therefore not to be considered limiting of scope, for the disclosure may admit to

other equally effective embodiments.

[0017] Figure 1 is a flow diagram of a method of making a semiconductor film

stack in accordance with one embodiment of the present disclosure;

[0018] Figures 2A-2B depict a series of schematic, cross-sectional views of a

substrate having a film stack being formed in accordance with the method of FIG. 1;

[0019] Figure 3 depicts a process chamber suitable for argon treatment in

accordance with the present disclosure;

[0020] Figure 4 is a flow diagram of a method of cleaning an oxide layer in a film

stack of the present disclosure;

[0021] Figure 5 is a flow diagram of a method of reducing arcing of an oxide layer

in a film stack in accordance with the present disclosure;

[0022] Figure 6 is a flow diagram of a method of reducing arcing of a silicon oxide

layer in a film stack in accordance with the present disclosure;

[0023] Figure 7 is a flow diagram of a method of cleaning a silicon oxide layer in a

film stack in accordance with the present disclosure; and

[0024] Figure 8 is a flow diagram of a method of forming a semiconductor film

stack in accordance with the present disclosure.

[0025] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. Elements and
features of one embodiment may be beneficially incorporated in other embodiments

without further recitation.
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DETAILED DESCRIPTION

[0026] Embodiments for forming a semiconductor structure are provided herein. In
some embodiments, a method for forming a semiconductor structure, includes:
depositing an oxide layer having a top surface atop a low-k dielectric layer, wherein
the oxide layer and low-k dielectric layer are disposed upon a substrate and within a
film stack; and contacting the oxide layer with argon plasma in an amount sufficient
to clean the oxide layer. The methods of the present disclosure treat and stabilize
oxide films sufficient to withstand stressful downstream processing under high
pressure conditions thus desensitize films to high pressure deposition of one or
more hard mask layers. The treatments of the present disclosure protect films in a
film stack from being easily warped or damaged during device fabrication or use
thereof. For example, treatment in accordance with the present disclosure suppress
or eliminate arcing within a film stack increasing productivity and decreasing the cost
of fabricating the semiconductor devices. Moreover, the inventors have observed
cleaning of a film stack component and removing contamination such as arching
source on a substrate prior to hard mask application reduces or eliminates
problematic arcing of an oxide layer during production while maintaining desirable

film properties.

[0027] Figure 1 is a flow diagram of one embodiment of a method for forming a
semiconductor structure in accordance with one embodiment of the present
disclosure as sequence 100. The sequence 100 includes the processes that are
performed upon film stack during fabrication of such semiconductor device. FIGS.
2A-2B depict a series of schematic, cross-sectional views of a substrate including a
semiconductor device being formed using the sequence 100. The images in FIGS.
2A-2B are not depicted to scale and are simplified for illustrative purposes. The
methods of the present disclosure may be performed in process chambers
configured for physical vapor deposition (PVD) such as the process chamber

discussed below with respect to Figure 3.

[0028] In some embodiments, the sequence 100 for forming a film stack 202
(Figure 2A) on substrate 200 may start at 103 by depositing an oxide layer having a

top surface atop a low-k dielectric layer, wherein the oxide layer and low-k dielectric
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layer are disposed upon a substrate and within a film stack. In embodiments, the
substrate 200 may comprise a material such as crystalline silicon (e.g., Si<100> or
Si<111>), silicon germanium, doped or undoped polysilicon, doped or undoped
silicon wafers, patterned or non-patterned wafers, silicon on insulator (SOI), carbon
doped silicon oxides, silicon nitride, doped silicon, germanium, gallium arsenide,
glass, sapphire, and combinations thereof. In embodiments, the substrate 200 may
have various dimensions, such as 200 mm, 300 mm, 450 mm or other diameters for
round substrates. The substrate 200 may also be any polygonal, square,
rectangular, curved or otherwise non-circular workpiece, such as a polygonal glass
substrate used in the fabrication of flat panel displays. Unless otherwise noted,
implementations and examples described herein are conducted on substrates such
as substrate 200 with a 200 mm diameter, a 300 mm diameter, or a 450 mm
diameter substrate. In embodiments, the substrates may be planar, or substantially
planar. For example, in embodiments, a substrate may include a planar or
substantially planar lower surface of the substrate in parallel orientation with an

upper surface of the substrate.

[0029] In embodiments, low-k dielectric layer 210 is deposited atop substrate 200
via any suitable atomic layer deposition process or a chemical layer deposition
process to a thickness sufficient to insulate film stack 202. In embodiments, the low-
k dielectric layer 210 may be planar, or substantially planar. For example, in
embodiments, a low-k dielectric layer 210 may include a planar or substantially
planar lower surface of the low-k dielectric layer 210 in parallel orientation or
substantially parallel orientation with an upper surface of the low-k dielectric layer
210. In embodiments, the low-k dielectric layer 210 is generally formed from a
material having a low-k value suitable for insulating material and sufficient to
separate interconnects. In embodiments, low-k dielectric layer 210 is made of a
material and provided at a thickness sufficient to reduce charge build-up in film stack
202. In embodiments, the low-k dielectric layer 210 comprises material including
one or more of polyimides, polytetrafluoroethylenes, parylenes, polysilsesquioxanes,
fluorinated poly(aryl ethers), fluorinated amorphous carbon, silicon oxycarbides, and
silicon carbides. In embodiments, low-k dielectric layer 210 may be deposited on a

substrate by reacting a processing gas in a plasma to form a dielectric layer having

6
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a dielectric constant less than about 4. In embodiments, a dopant-containing gas
may also be present during the reaction or deposition of the low-k dielectric layer
210. The processing gas may also include nitrogen (N2) or an inert gas, such as

argon (Ar) or helium (He), or combinations thereof.

[0030] In embodiments, the low-k dielectric layer 210 comprises silicon
oxycarbides, the silicon oxycarbides may comprise various silicon, carbon, oxygen,
and hydrogen containing materials. For example, the silicon oxycarbides may
comprise silicon oxycarbides, such as BLACK DIAMOND™ brand film, available
from Applied Materials, Inc., Santa Clara, CA. A method for depositing silicon
oxycarbides is described in U.S. Pat. No. 6,287,990, entitled, “CVD Plasma Assisted

Low Dielectric Constant Films,” assigned to Applied Materials, Inc.

[0031] In embodiments, film stack 202 comprises an oxide layer such as oxide
layer 220 having a top surface 230 shown in Figure 2A. In embodiments, oxide layer
220 is deposited atop low-k dielectric layer 210 via any suitable atomic layer
deposition process or a chemical layer deposition process to a thickness sufficient to
cover the low-k dielectric layer 210 in film stack 202. In embodiments, oxide layer
220 may be formed to any suitable thickness using any suitable technique that may
depend, for instance, on the material or materials used. In embodiments, the oxide
layer 220 may be planar, or substantially planar. For example, in embodiments, an
oxide layer 220 may include a planar or substantially planar lower surface of the
oxide layer 220 in parallel orientation or substantially parallel orientation with an
upper surface of the oxide layer 220. In embodiments, the oxide layer 220 may be
flat or substantially flat. In embodiments, oxide layer 220 comprises one or more
organic polymers, organic materials, or metal materials. In embodiments, oxide
layer 220 is an organic film, or a polymer with silicon disposed therein. In
embodiments, the oxide layer 220 comprises an oxide layer made from
organosilicon compounds such as tetraethyl orthosilicate or TEOS deposited as a
planar film by a chemical vapor deposition (CVD) techniques, such as high density
plasma chemical vapor deposition (HDP-CVD), low pressure chemical vapor
deposition (LPCVD) or plasma enhanced chemical vapor deposition (PECVD). In

embodiments, oxide layer 220 has a thickness suitable for functioning as a hard
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mask for etching one or more underlying layers. In one embodiment, the oxide layer
220 has a thickness from about 2,000 angstroms to about 5,000 angstroms. In
embodiments, the oxide layer is silicon oxide, silicon dioxide, or combinations

thereof.

[0032] Returning to Figure 1, at 104, the process sequence includes contacting the
oxide layer 220 with argon plasma (shown as arrow 225 in Figure 2A) in an amount
sufficient to clean the oxide layer 220 and top surface 230 of the oxide layer 220. In
embodiments, contacting the oxide layer 220 with argon plasma in an amount
sufficient to clean the oxide layer 220 includes contacting the oxide layer 220 with
argon plasma wherein argon is supplied to the substrate (in a process chamber such
as chamber enclosure 102) at a flow rale belween 30 and 150 scom. in
smbodiments, contacting the oxide layer 220 with argon plasma is performed with
argon supplied to the substrate at & fiow rate between &0 and 150 scom. in
embodiments, contacting the oxide layer with argon plasma is performed with a bias
power of 75 {0 150 watls applied to the substrate. In embodiments, contacting the
oxide layer with argon plasma is performed with at a pressure of about 30 o about
50 milliTorr.  In embodiments, contacting the oxide layer with argon plasma is
performed for a duration of $ seconds io about 1 minute. Referring o Figure 3,
chamber enclosurs 102 may ba provided to faciliiate, promote, or maintain process
conditions as deseribed herein.  in embodiments, the process sequence includes
contacting the oxide layer 220 with argon plasma (shown as arrow 225 in Figure 2A)
in an amount sufficient to clean, such as removing all or substantially all arcing
source contaminant from, the oxide layer 220 and/or top surface 230 of the oxide
layer 220.

[0033] in embodiments, the methods of the present disclosure are suitable whersin
oxide layer 220 contacted with argon plasma in accordance with the present
disclosure s subjaciad o further processing such as hard mask layer deposition
ypon oxide layer 220 and eiching of the film stack 202 under high pressure
conditions.  Accordingly, embodimants, of the present disclosure, slthough not
shown in Figure 1, include subsequently depositing a nitride layer 240 such as

titanium nitride, silicon nitride, and the like atop oxide layer 220. In embodiments,
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the methods of the present disclosure are useful where a nitride layer 240 (Figure
2B) is deposited atop the oxide layer 220 under stressful conditions to the oxide
layer 220 such as a pressure of about 150 o about 400 miliiTorr or about 200 o
about 400 milliTorr, under a power of about 18 to about 30 kilowatts; and/or at a

temperature greater than 350 degrees Celsius.

[0034] In embodiments, nitride layer 240 may be formed directly atop oxide layer
220. The nitride layer 240 can be formed using any suitable PVD technique known
in the art.

me38]  In embodiments, after application of nitride layer 240, the film stack incudes
a hard mask sufficient for further processing such as etching. in embodirments, the
nitride laver 240 has a thickness suitable for functioning as & hard mask for efching
the underlving oxide layer 220, In embodiments, the nilride iaver 240 has a
thickness from about 500 angstroms 1o about 5,000 angstroms, from aboud 1,000
angstroms 1o about 4,000 angstroms, or a thickness from about 1,500 angstroms 1o

about 2,000 angstroms.

[0036] Referring now to Figure 3, & achematlic cross-sactional view of a PVD
chamber suitable for performing the processes of the present disclosurs is shown.
For example, the methods of the present disclosure may be performed using a PVD
chamber commercially available from Applied Materials, Inc., of Santa Clara, CA.
The features of a suitable PVD chamber are generally dascribed below. Howsver,
while the below described PVD chamber is suitable for use in acoordance with the
methods of the present disclosure, other chambers may also be used or modified to
he used, {0 advaniage to accomplish the mathods of the present disclosure. For
example, a vacuum preclean chamber, such as a Siconi Preclean chamber, or
Applied Materials type PC XT or PC XTe pre-clean chambers available from Appilied
Materials Inc. of Santa Clara, CA may be used. In alternative embodiments, other

chamber types can ba used.

we37]  Referring to Figure 3, a PVD chamber 38 generally includes a chamber
enclosure 102, a target 104, 3 subsirate support 108, 2 gas inlet 108 and a8 gas
axhaust 110, The chamber enciosure 102 inciudes a chamber bottom 112 and 28

chamber sidewall 114, A slit vabve 115 is disposed on a chamber sidewsall 114

9
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faciitate transfer of a substrate 118 info and ot of the PVD chamber 386, The
subsirate support 108 is disposed on a substrate support i assembly 118 through
the chamber bottom 112, Typically, & temperature control element (not shown), such
as a heater, is incorporated within the subsirate support 108 o control the
temperature of the subsirate 116 during processing. In some embodiments, the
substrate support 108 is made of siainiess steel, and the temperalure controd
glement comprises 3 platinumirhodium heater coil. The subsirate support lift
assembly 118 moves the subsirate support 108 varlically betwesn a subsirais
transfer position and a subslrale processing position. A It pin assembly 120 lifts the
substrate 118 off the substrate support 1068 {0 fadiiitate transfer of the subsirate 116
between the chamber and & robot biade (not shown) used to transfer the substrale

o and out of the chamber,

we28]  In embodimends, targst 104 is disposed in the top portion of the chamber
enclosure 102, In embodiments, the target 104 is positioned directly above the
substrate support 108, The targel 104 generally comprises 3 backing plate 122
supporting a plate of sputierable material 124, In embodiments, a typical target
material for nitride films may include titanium for use with 3 reactive spullering
procass. The backing plate 122 includes a flange portion 128 that is secured 0 the
chamber enclosure 102, In embodiments, a seal 128, such as an O-ring. is provided
between the flange porlion 125 of the backing plate 122 and the chamber enclosure
102 1o establish and maintain g8 vacuum environment in the chamber during
processing. A magnet assembily 120 i3 disposed above the backing plate 122 o
provide magnatic figld enhancement that incresses the plasma density adiacent the
targe! sputiering surface (by rapping electrons) to enhance sputtering of ihe target

material.

[8039]  in embodiments, 3 lower shield 132 is disposed in the chamber (0 shigld the
interior surfaces of the chamber enciosure 102 from deposition. The lower shigld
132 exiends from the upper portion of the chamber sidewall 114 10 & peripheral
edge of the substrate support 108 In the processing position. A clamp ring 134 may
be used and is removeably disposed on an inner erminus 138 of the lower shisid

132, When the substrate support 108 moves into the processing position, the inner

10
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terminus 138 surrounds the subsirate support 106, and a peripheral portion 138 of
the substrate 115 engages an inner terminus 133 of the clamp ring 134 and lifls the
clamp ring 134 off the inner terminus 138 of the lower shield 132, The clamp ring
134 serves o clamp or hold the subsirale 116 as well as shield the peripheral
porton 138 of the subsirate 116 during the deposition process. Allernatively, instead
of a damp ring 134, a shisld cover ring (not shown) is disposed above an inner
terminus of the lower shisld, When the substrate support moves inio the processing
position, the inngr terminus of the shisld cover ring is positioned immediatsly above
the peripheral portion of the substrate to shield the peripheral portion of the

subsirate support 108 from deposition.

048] in some embodiments, an upper shisld 140 is disposed within an upper
portion of the lower shigld 132 and extends from the upper portion of the chamber
sidewall 114 10 a peripheral edge 142 of the clamp ring 134, In embodiments, the
upper shield 140 comprises a matenal that is similar (o the materials that comprise
thae target, such as titanium and other metals. It some embodiments, the upper
shiskd 140 is a flogting-ground upper shisld that provides an inoreased onization of
the plasma comparad (o g grounded upper shield, The increased onization provides
more ions {o impact the target 104 lsading to a8 greater deposition rate because of
the increased sputtering from the target 104, Aliernatively, the upper shisid 140 can

be grounded during the deposition process.

me41] A gas inlet 108 disposad in the chamber sidewsalt 114 of the chamber
enclosure 102 introduces 3 processing gas inlo the chamber enclosure 102 and
enters a process cavity 148 by flowing between the upper shield 140 and the lower
shield 132, The process cavity 146 i defingd by the target 104, the substrate 116
disposed on the substrate support 108 in the processing position and the upper
shiaid 140, In embodiments, argon is infroduced through the gas inlet 108 as the
DroCsEss gas source for the plasma. A gas exhaust 110 s disposed on the chamber
sidewall 114 o evacuats the chamber pricr to the deposition process, 48 weill as
controb the chamber pressure during the deposition process. In embodiments, ths

gas exhaust 110 includes an exhaust vabve 158 and an exhaust pump 158 The

11
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exhaust valve 158 conirels the conductance bshtween the interior of the PVD

chamber 36 and the exhaust pump 158

e42]  To supply a bias o the target 104, a power sourne 152 i3 elechrically
conneciad 1o the targst 104, The power source 152 may include & DO generator and
a DO maiching network ooupled 10 the larget 104, The power source 152 supplies
the ensrgy 1 the process cavity 1o strike and mainiain a plasma of the processing
gas in the process cavily during a cleaning process as described herein or 8

deposition process,

me43] A gas exbhaust 110 is disposed on the chamber sidewall 114 10 avacuats
the chamber prior © the deposifion proecess, as well as control the chamber
pressure during the deposition process. In embodiments, the gas exhaust 110G
includes an exhaust valve 158 and an exhaust pump 158, The exhausi valve 158
controls the conductance betwesn the interior of the PVD chamber 36 and the
sxhaust pump 158 The exdhaust pump 158 may comprise a wrbomolecular pump in
conjunction with a orvopump o minimize the pump down time of the chamber
Altlgmatively, the exhaust pumg 158 comprises & low pressure, 3 high pressure

pump or @ combination of low oressure and high pressurs pumps.

8044]  in embodiments, the cleaning process is performed it a processing zone or
procgss cavily 148 locsted between the spullering target 104, in embodiments,
composad of tilanium, and the subsirate 118 including a carbon containing layer
such as tetraethyl orthosilicate or TEOS. In embodiments, the target 104 may be
slactrically isolated from the PVD chamber 36 and serves as a process electrode for
gensrating a sputlering plasma. During a deaning process, a plasma, typically
sourced from a noble gas such as argon, is introduced into the process cavity 146 of
the PVD chamber 36 af g flow rale between 50 and 150 scom, such as 100 scom.
in embodiments, 75 to 150 walls bias, such as 100 watlts hias is applied 0 the
subrstrate at about 30 o 50 milliTor for 3 duration of 5 seconds to about 1 mnute,
in some smbodiments, such as a TiN deposition, power is supplied 1o the spuitering
target 104, with the farget at a negative voitage, to form an electric fisld within the
VD chamber 38, with the chamber walls, and i desired, the substrate support 108

disposed in the PYD chamber 386 being slectrically grounded. The resubliant slectric

12
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figld i the PVD chamber 38 jonizes the sputiering gas such as argon o form &
sputtering plasma that sputiers the target 104 causing deposition of material on the
substrate. in the sputtenng processes, the plasma is typically generated by applving
a DC or RF voltage at a power level 1o the sputlering target of from about 100 (o
about 20,000 watls, and mors ypically from about 100 1o 10,000 walls, and in somse

embodiments between about 4000 and about 7000 walls.

me48]  In some embodiments, the a PVD chamber 36 generslly includes a central
processing unit (CPU) 190, support circuitry 192, and memories containing
associated control software 191. In some embodiments, the control unit is
responsible for automated control of the numerous steps required for semiconductor
substrate processing such as wafer transport, gas flow control, temperature control,
chamber evacuation, and so on. Bi-directional communications between the control
unit and the various components such as the chamber anciesure 102, 2 target 104,
a substrate support 106, a gas inlel 108 and a gas exhaust 110 are handled through
numerous signal cables collectively referred to as signal buses. In some
embodiments, the PVD chamber 36 includes a non-transitory computer readable
medium, such as memory, having instructions stored thereon that, when executed,
cause a method of the present disclosure or cause the PVD chamber 36 to perform

a method of the present disclosure.

ime48]  Figure 4 is a flow diagram of a method of cleaning an oxide layer 220 in a
film stack 202 of the present disclosure. In embodiments, at process sequence 402,
a method of cleaning an oxide layer 220 in a film stack 202, includes: contacting an
oxide layer disposed atop a low-k dielectric layer with argon plasma under
conditions sufficient to clean the oxide layer, wherein the oxide layer and low-k
dielectric layer are disposed upon a substrate and within a film stack. In
embodiments, cleaning the oxide layer refers to removing arcing sources or
substantially all arcing sources from the oxide layer, and/or top surface of the oxide
layer. In embodiments, the oxide layer 220 comprises a planar film of tetraethyl
orthosilicate or silicon oxide formed therefrom. In embodiments, contacting the
oxide layer with argon plasma is performed with a bias power of 75 to 150 walls

applisd o the subslate.  In embodiments, contacting the oxide layer with argon
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plasma is performed with at a pressure of about 30 o about 50 milliTorr, for a
duration of 5 seconds to about 1 minute, wherein argon is supplied to the substrate
at a flow rate hetween 50 and 150 scoem. In some embodiments, contacting the top
surface 230 of the oxide layer 220 with argon plasma includes an amount of argon
plasma sufficient to clean the oxide layer 220 including an amount sufficient to clean
the oxide layer 220 to suppress or eliminate arcing of one or more layers such as
oxide layer 220 within a film stack such as film stack 202 when a film stack is
subjected to high-pressure downstream processing e.g., deposition of a nitride layer
hard mask. In embodiments, the oxide layer is silicon oxide or silicon dioxide. In
some embodiments, contacting the top surface 230 of the oxide layer 220 with argon
plasma includes an amount of argon plasma sufficient to remove a portion of oxide
layer 220 such as about 5-15 angstroms of material across the top surface of oxide
layer 220. In some embodiments, contacting the top surface 230 of the oxide layer
220 with argon plasma includes an amount of argon plasma sufficient to remove a
portion of oxide layer 220 such as about 5-15 angstroms of material across the top
surface of oxide layer 220 by contacting with argon plasma in an amount sufficient to
remove a top portion of the oxide layer 220 to suppress or eliminate arcing of one or
more layers such as oxide layer 220 within a film stack 202 when a film stack is
subjected to high-pressure downstream processing e.g., deposition of a nitride layer

hard mask. In embodiments, the oxide layer is silicon oxide or silicon dioxide.

[0047] Figure 5 is a flow diagram of a method of reducing arcing of an oxide layer in
a film stack. In embodiments, at process sequence 502 a method of reducing arcing
of an oxide layer in a film stack 202, includes: contacting an oxide layer 220
disposed atop a low-k dielectric layer 210 with argon plasma (e.g., arrow 225) under
conditions sufficient to clean the oxide layer, wherein the oxide layer and low-k
dielectric layer are disposed upon a substrate 200 and within a film stack 202. In
embodiments, the oxide layer 220 comprises a planar film or substantially planar film
of tetraethyl orthosilicate or silicon oxide formed from tetraethyl orthosilicate, and the
like. In embodiments, contacting the oxide layer 220 with argon plasma is
performed with a bias power of 75 i 150 watls applied 1o the subsirate.  in
embodiments, contacting the oxide layer 220 with argon plasma is performed with at

a pressure of about 20 o asbout 50 milliTorr, for a duration of 5 seconds to about 1
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minute, wherein argon is supplied to the substrate at 3 flow rate betwaen 58 and 150
seem. In some embodiments, contacting the oxide layer 220 with argon plasma
includes an amount of argon plasma sufficient to clean the oxide layer 220. In some
embodiments, an amount sufficient to clean the oxide layer 220 includes amounts to
suppress or eliminate arcing of one or more layers such as oxide layer 220. For
example, arching of oxide layer 220 is reduced or eliminated within a film stack 202
when a film stack is subjected to high-pressure downstream processing, e.g.,
deposition of a nitride layer hard mask. Referring to Figures 2A and 2B, oxide layer
220 is shown as flat or substantially flat within the film stack such as a film stack
including nitride layer 240 deposited atop or directly atop the oxide layer 220. In
embodiments, reducing arcing may refer to maintaining a flat layer or film such as a
flat or substantially flat oxide layer such as oxide layer 220 with nitride layer 240
deposited atop or directly atop oxide layer 220 in accordance with the present
disclosure. In embodiments, reducing arcing of an oxide layer may refer to
maintaining the oxide layer in a planar, or substantially planar shape. For example,
in embodiments, the oxide layer is maintained in a planar or substantially planar
shape where the lower surface of the oxide layer is in parallel orientation or
substantially parallel orientation with an upper surface of the oxide layer when a
nitride layer 240 is deposited atop or directly atop oxide layer 220 in accordance with
the present disclosure. In embodiments, reducing arcing of an oxide layer may refer
to maintaining the oxide layer in a planar, or substantially planar shape, for example
the oxide layer is maintained in a planar or substantially planar shape where the
entire lower surface of the oxide layer is in parallel orientation or substantially
parallel orientation with the entire upper surface of the oxide layer, and the lower
and upper surface are in parallel orientation or substantially parallel orientation to a

substrate plane.

[0048] Figure 6 is a flow diagram of a method 600 of reducing arcing of a silicon
oxide layer in a film stack in accordance with the present disclosure. In
embodiments, method 600 includes at process sequence 602 depositing a silicon
oxide layer having a top surface atop a low-k dielectric layer, wherein the silicon
oxide layer and low-k dielectric layer are disposed upon a substrate and within a film

stack. In some embodiments, the silicon oxide layer includes silicon oxide or silicon
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dioxide formed from an organosilicon compound such as tetraethyl orthosilicate or
TEOS. In some embodiments, the silicon oxide layer is a planar film or a
substantially planar film within a semiconductor film stack. In embodiments, the

silicon oxide layer is essentially planar on at least one surface, or is entirely planar.

[0049] In embodiments, method 600 includes at process sequence 604 contacting
the silicon oxide layer with argon plasma in an amount sufficient to clean the silicon
oxide layer. In some embodiments, contacting the silicon oxide layer with argon
plasma is performed with a bias power of 75 t¢ 150 watts applied 1o the substrate. In
some embodiments, contacting the silicon oxide layer with argon plasma is
performed with at a pressure of about 30 to abeoul 50 miliTorr. In some
embodiments, contacting the silicon oxide layer with argon plasma is performed for
a duration of 5 seconds to sbout 1 minute. In some embodiments, contacting the
silicon oxide layer with argon plasma is performed with argon supplied to the

substrate at a fiow rate bebween 50 and 150 scom.

[0050] In embodiments, method 600 includes at process sequence 606 depositing a
nitride layer atop the silicon oxide layer. In embodiments, subsequent to depositing
the nitride layer atop the silicon oxide layer, the silicon oxide layer is a planar or
substantially planar film. For example, in embodiments, the silicon oxide layer is
maintained in a planar or substantially planar shape where the lower surface of the
silicon oxide layer is in parallel orientation or substantially parallel orientation with an
upper surface of the silicon oxide layer. In another example, referring to Figures 2A
and 2B, oxide layer 220 (shown in cross-section) includes the top surface 230 as
substantially planar as shown and described, without warping or dishing, or
substantial changes in thickness. In embodiments, substantially planar may refer to
a substantially flat layer such as e.g., oxide layer 220 in Figure 2B. In some
embodiments, the nitride layer is titanium nitride. In embodiments, the nitride layer
is deposited atop the silicon oxide layer at a pressure of aboud 300 w0 about 400
milliTorr. In embodiments, the nitride layer is deposited atop the silicon oxide layer at
a pressure of abxout 150 to about 400 milliTorr or about 300 o about 400 milliTom
it embodiments, the nitride layer is deposited atop the silicon oxide layer under a

power of about 18 to about 30 kilowatts. In embodiments, the nitride layer is
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deposited atop the silicon oxide layer at a temperature greater than 350 degrees

Celsius.

18¢81] Figure 7 is a flow diagram of a method 700 of cleaning a silicon oxide layer in
a film stack in accordance with the present disclosure. In embodiments, method 700
includes at process sequence 702 contacting a silicon oxide layer disposed atop a
silicon oxycarbide low-k dielectric layer with argon plasma under conditions sufficient
to clean the silicon oxide layer, wherein the silicon oxide layer and silicon oxycarbide
low-k dielectric layer are disposed upon a substrate and within a film stack. In
embodiments, the silicon oxide layer comprises a planar film formed from tetraethyl
orthosilicate. In some embodiments, contacting the silicon oxide layer with argon
plasma is performed with a bias power of 75 o 150 watis applied 0 the subsirste.
in some embodiments, contacting the silicon oxide layer with argon plasma is
performed with at a pressure of aboul 30 i about 50 milliTorr,  in some
embodiments, contacting the silicon oxide layer with argon plasma is performed for
a duration of 5 seconds 1o about 1 minute. In embodiments, contacting the silicon
oxide layer with argon plasma is performed with argon supplied to the substrate at &

flow rate batwesn 50 and 150 socom,

18¢52] Figure 8 is a flow diagram of a method 800 of forming a semiconductor film
stack in accordance with the present disclosure. In embodiments, a method of
forming a semiconductor film stack, includes at 802 contacting a silicon oxide layer
disposed atop a silicon oxycarbide low-k dielectric layer with argon plasma under
conditions sufficient to clean the silicon oxide layer, wherein the silicon oxide layer
and silicon oxycarbide low-k dielectric layer are disposed upon a substrate and
within a film stack. In embodiments, the silicon oxide layer comprises a planar film
formed from tetraethyl orthosilicate. In some embodiments, contacting the silicon
oxide layer with argon plasma is performed with a bias power of 75 to 150 watls
apphad 1o the substrale. In some embodiments, contacting the silicon oxide layer
with argon plasma is performed with at a pressure of abcut 30 o about 58 miliTorr
in some embodimentis, contacting the silicon oxide layer with argon plasma is

performed for a duralion of 5 seconds o abouwl 1 minuie.  In embodiments,
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contacting the silicon oxide layer with argon plasma is performed with argon

supplied to the substrate at a flow rate betwesen 50 and 150 scom.

80831 In embodiments, the semiconductor film stack such as film stack shown in
Figure 2B includes a plurality of layers such as {nitride layer 240, oxide layer 220,
fow-k dielectric layer 210 and substrate 200}, wharsin each layer of the plurality of
favers has a planar or substantially planar shaps. For example, each layer of the
plurality of layers is configured such that the surface of ong igver is in a parallel or
substantially parailel configuration o the adjacent surface of the adjacent layer. For
example, in embodiments, the top layer of oxide layer 220 is configured to be in &
paraliel or substantially paralis! configuration o the botlom surface of nitride layer
240,

[0054] In some embodiments, the present disclosure relates to a non-transitory
computer readable medium having instructions stored thereon that, when executed,
cause a method of reducing arcing of a silicon oxide layer in a film stack, including:
depositing a silicon oxide layer having a top surface atop a low-k dielectric layer,
wherein the silicon oxide layer and low-k dielectric layer are disposed upon a
substrate and within a film stack; contacting the silicon oxide layer with argon
plasma in an amount sufficient to clean the silicon oxide layer; and depositing a

nitride layer atop the silicon oxide layer.

[0055] In some embodiments, the present disclosure relates to a non-transitory
computer readable medium having instructions stored thereon that, when executed,
cause a method of cleaning a silicon oxide layer in a film stack, including: contacting
a silicon oxide layer disposed atop a silicon oxycarbide low-k dielectric layer with
argon plasma under conditions sufficient to clean the silicon oxide layer, wherein the
silicon oxide layer and silicon oxycarbide low-k dielectric layer are disposed upon a

substrate and within a film stack.

[0056] In some embodiments, the present disclosure relates to a non-transitory
computer readable medium having instructions stored thereon that, when executed,
cause a method of forming a semiconductor film stack, including: contacting a silicon
oxide layer disposed atop a silicon oxycarbide low-k dielectric layer with argon

plasma under conditions sufficient to clean the silicon oxide layer, wherein the
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silicon oxide layer and silicon oxycarbide low-k dielectric layer are disposed upon a

substrate and within a film stack.

18657] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing

from the basic scope thereof.
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Claims:

1. A method of reducing arcing of a silicon oxide layer in a film stack,
comprising:

depositing a silicon oxide layer having a top surface atop a low-k dielectric
layer, wherein the silicon oxide layer and low-k dielectric layer are disposed upon a
substrate and within a film stack;

contacting the silicon oxide layer with argon plasma in an amount sufficient to
clean the silicon oxide layer; and

depositing a nitride layer atop the silicon oxide layer.

2. The method of claim 1, wherein the silicon oxide layer comprises silicon oxide

or silicon dioxide formed from an organosilicon compound.

3. The method of claims 1 or 2, wherein contacting the silicon oxide layer with
argon plasma is performed with a bias power of 75 o 150 waits applied o the

substrate.

4. The method of claims 1, 2, or 3, wherein contacting the silicon oxide layer

with argon plasma is performed with at a pressure of about 3G {0 about 50 miiTom

8. The method of any of claims 1 10 4, wherein contacting the silicon oxide layer

with argon plasma is performed for a duration of 5 sgconds to about 1 minute,
. The method of any of ¢lgims 1 {¢ 5, wherein contacting the silicon oxide layer
with argon plasma is performed with argon supplied to the substrate at & fiow rate

hetween 50 and 150 scom.

7. The method of any of claims 1 to 6, wherein the silicon oxide layer is a planar
film.
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8. The method of any of claims 1 to 7, wherein subsequent to depositing the
nitride layer atop the silicon oxide layer, the silicon oxide layer is a substantially

planar film.

9. The method of claim 8, wherein the nitride layer is titanium nitride.

10. The method of claim 8, wherein the nitride layer is deposited atop the silicon

oxide layer at a pressure of about 153 10 ahout 400 miliTormr,

11.  The method of claim 8, wherein the nitride layer is deposited atop the silicon

oxide layer at a pressure of about 200 to about 400 miliTorr,

12. The method of claim 8, wherein the nitride layer is deposited atop the silicon

oxide layer under a power of about 18 to about 30 kilowatts.

13. A method of cleaning a silicon oxide layer in a film stack, comprising:
contacting a silicon oxide layer disposed atop a silicon oxycarbide low-k

dielectric layer with argon plasma under conditions sufficient to clean the silicon

oxide layer, wherein the silicon oxide layer and silicon oxycarbide low-k dielectric

layer are disposed upon a substrate and within a film stack.

14. The method of claim 13, wherein the silicon oxide layer comprises a planar
film formed from tetraethyl orthosilicate, wherein contacting the silicon oxide layer
with argon plasma is performed with a bias power of 75 to 150 watls appliad (0 the
subssiraie, wherein contacting the silicon oxide layer with argon plasma is performed
with at a pressure of about 30 {0 about 50 miiliTorr, and wherein contacting the
silicon oxide layer with argon plasma is performed for a duration of 5 seconds o

about 1 minute,

15. A method of forming a semiconductor film stack, comprising:
contacting a silicon oxide layer disposed atop a silicon oxycarbide low-k

dielectric layer with argon plasma under conditions sufficient to clean the silicon
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oxide layer, wherein the silicon oxide layer and silicon oxycarbide low-k dielectric

layer are disposed upon a substrate and within a film stack.
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