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TREATMENTS FOR CONTROLLING DEPOSITION DEFECTS

CROSS REFERENCE TO RELATED APPLICATIONS
G001} This application claims the benefit of U5, Patent Application No. 17/412,721 filed
Aungust 26, 2021, which the entire disclosure of which is incorporated by reference herein for

all purposes.

TECHNICAL FIELD
{3002}  The present technology relates to senuconductor processing methods. More
specifically, the present technology relates to methods of treating substrates and deposited

materials to reduce detect formation.

BACKGROUND
{0003} Integrated circuits are made possible by processes which produce intricately
patterned material lavers on substrate surfaces. Producing patterned material on a substrate
requires controlied methods for forming and removing material. As device sizes continug to
reduce, defects along deposited films may have a more detrimental effect. To limit defect
formation and deposition, improved control of deposition parameters and chamber cleanings
may be performed. However, these processes may be incapable or limiting defects at

sufficiently small dimensions, which can still tmpact device performance.

{3004}  Thus, there is a need for improved systems and methods that can be used to produce
high quality devices and structures. These and other needs are addressed by the present

technology.

SUMMARY
{00805}  Exemplary methods of semiconductor processing may nclude forming a plasma of
a carbon-containing precursor in a processing region of a semiconductor processing chamber.
The methods may include depositing a carbon-contaming material on a substrate housed in
the processing region of the semiconductor processing chamber. The methods may include
halting a flow of the carbon-contaning precursor into the processing region of the

semiconductor processing chamber. The methods may include contacting the carbon-
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containing matenal with plasma effluents of an oxidizing matenial. The methods may include

forming volatile matenials from a surface of the carbon-containing material.

[6806] In some embodiments, the oxidizing material may be or include an oxygen-
containing precursor or a fhuorine-containing precursor. The plasma effluents of the
oxidizing raterial may be formed in the processing region of the semiconductor processing
chamber. The plasma offluents mayv be generated at a plasma power of less than or about 200
W. The plasma effluents of the oxidizing material may be formed in a remote plasma unit
fluidly coupled with the processing region of the semiconductor processing chamber. A
temperature of the semiconductor processing chamber may be maintained at greater than or
about 400 °C during the method. Contacting the carbon-contaimng material with plasma
effluents of the oxidizing material may canse a surface of the carbon-containing material to
become negatively charged. Contacting the carbon-containing material with plasma effluents
of the oxidizing material may be performed for less than or about 3¢ seconds. Contacting the
carbon-containing material with plasma effluents of the oxidizing matenial may be performe
in the semiconductor processing chamber divectly subsequent to the carbon-containing
material being deposited on the substrate. A carrier gas may be flowed with the carbon-
containing precursor. A flow of the carrier gas may be maintamed while contacting the
carbon-containing material with plasma effluents of the oxidizing material. A plasma may be
sustained between depositing the carbon-containing material and contacting the carbon-

containing material with plasma eftiuents of the oxidizing material.

{8007} Some embodiments of the present technology may encompass methods of
semiconductor processing. The methods may include forming a plasma of one or more
deposition precursors in a processing region of a semiconductor processing chamber. The
methods may inclade depositing a material on a substrate boused in the processing region of
the semiconductor processing chamber. The methods may include halting a flow of at least
one of the one or more deposition precursors into the processing region of the semiconductor
processing chamber. The methods may include contacting the material deposited on the
substrate with plasma offfuents of an oxidizing material. The methods may include forming
volatile materials from a surface of the matenal deposited on the substrate.

[3608] In some embodiments, the material deposited on the substrate may include one or

more of amorphous carbon, doped carbon, or a silicon-containing material. The oxidizing

material may be or include an oxygen-contaming precursor or a fluorine-containing
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precursor. The plasma effluents of the oxidizing material may be formed in the processing
region of the semiconductor processing chamber. The plasma effluents may be generated at a
plasma power of less than or about 500 W, Contacting the material deposited on the

substrate with plasma effluents of the oxidizing material may cause a surface of the material
deposited on the substrate to become negatively charged. Contacting the material deposited
on the substrate with plasma effluents of the oxidizing material may be performed for fess
than or about 30 scconds. A carrier gas may be included as one of the one or more deposition
precursors. A flow of the carrier gas may be maintained while contacting the material
deposited on the substrate with plasma effluents of the oxadizing material. A plasma may be
sustained between depositing the material on the substrate and contacting the materal with

plasma effluents of the oxidizing matedal,

13009}  Some embodiments of the present technology may encompass methods of
semiconductor processing. The mothods may include forming a plasma of g carbon-
containing precursor i a processing region of a senuconductor processing chamber. The
methods may mchude depositing a carbon-containing material on a substrate housed in the
processing region of the semiconductor processing chamber. The methods may include
halting a flow of the carbon-contaming precursor into the processing region of the
semiconductor processing chamber. The methods may include contacting the carbon-
containing material with an oxidizing material in the semiconducior processing chamber.

The methods may include treating a surface of the carbon-containing material.

[B013]  In some cmbodiments, treating the surface of the carbon-cordaining material may
include formung a plasma of the oxidizing material 1o the processing region of the
semiconductor processing chamber. Treating the surface of the carbon-containing material
may include contacting the carbon-confaining material with plasma effluents of the oxidizing
material. Treating the surtace of the carbon-containing material may include forming volatile

materials from a surface of the carbon-containing material.

{6011} Such techuology may provide numerous benefits over conventional systems and
techniques. For cxample, the processes may reduce defect formation on processed substrates,
which can otherwise lead to mline defects. Additionally, the operations of embodiments of
the present technology may improve adhesion of subsequently deposited materials, by

controlling the surface hydrophobicity or hydrophilicity of deposited matenials. These and
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other embodiments, along with many of their advantages and features, are deseribed in more

detail in conjunction with the below description and attached figares.

BRIEF DESCRIPTION OF THE DRAWINGS
6012} A further understanding of the nature and advantages of the disclosed technology

may be realized by reference to the remaining portions of the specification and the drawings.

[06813] FIG. 1 shows a schematic cross~-sectional view of an exemplary processing chamber

according to some embodiments of the present technology.

6814} FIG. 2 shows exemplary operations in a deposition method according to some

embodiments of the present technology.

[B015] Scveral of the figures are included as schematics. It is to be understond that the
figures are for llustrative purposes, and are not to be considered of scale unless specifically
stated to be of scale. Additionally, as schematics, the figures are provided to awd
comprehension and may not include all aspects or nformation compared to realistic

representations, and may include exaggerated matenal for illustrative purposes.

[8016] Inthe appended figures, similar components and/or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a letter that distinguishes among the sinular components. If
only the first reference label is used in the specification, the description s applicable to any

one of the similar cornponents having the same first reference label irrespective of the letter.

DETAILED DESCRIPTION
16817} Deposttion operations in semiconductor processing may be incladed to form any
number of materials on a substrate. For example, materials may be deposited on a substrate
to produce semiconductor structures, as well as to facilitate patterning or removal of materials
on a substrate. As one non-imiting example, hardmasks may be deposited on substrates to
facilitate removal or patteming of matenials on a substrate. The hardmask deposition may be
performed in any nwmber of ways, including by thermally-activated deposition as well as
plasma-enhanced deposition. Regardless of the mechanism, many deposition operations

deposit materials not only on the substrate being processed, but on chamber components as
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well. For example, in a processing region, deposition may occur on a substrate as well asa
pedestal or support on which the sabstrate 1s seated, faceplates or diffusers that may distribute
materials into the processing region, chamber walls defining the processing region, and
components defining exhaust pathways for materials and byproducts subseguent to

deposition.

[6818]  Onee the deposition process is completed, the substrate may be removed from the
processing region, and the chamber may be cleaned for the next wafer to be processed.
However, aspects of the deposition process and/or the cleaning process may impact formation
of defects on the substrate. For example, during deposition, materials may deposit not only
on the substrate, but on a variety of chamber surfaces within the processing region. Once
deposition has been completed, some deposttion materials may fall back onto the substrate
causing defocts on the film formed. Sinularly, after a cleaning process has been completed
and a new substrate is delivered o the processing chamber, residual materials may still
remain on surfaces of the processing region, which may fall to the substrate, and impact the

deposition operation to be performed.

[6818]  Although large defects can be relatively well controlled with subsequent metrology
operations that can identify and address defect formation, many defects may be too small to
be identified using a variety of current metrology methods, For example, defocts that are less
than or about 20 nm, may remain on the deposited film. These defects may have less impact
on historically larger features, but on features with reduced critical dimensions, these defects
may cause challenges, such as misalignment of subsequent feature formation in reduced
scaling. For example, during subscquent processing, such as with a lithography operation
performed on a mask, the defects may alter the pattern formation, which can produce inline

defects impacting subsequent processing, and leading to device damage or scrapping.

[6028] The present technology may overcome these hmitations by performing a treatment
before and/or after the deposition, which may remove defects deposited on the substrate. By
contacting the materials with an oxidizing material, many defect particles may be volatized
and exhausted from the chamber. After describing general aspects of a chamber according to
embodiments of the present technology m which plasma processing operations discussed
below may be performed, specific processes and operations according to embodiments of the
present techuology will be described. It is to be understood that the present technology is not

intended to be lumtted to the specific chambers or processing discussed, as the technigues
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described may be used to improve a number of processes, and may be applicable to a varicty

of processing chambers and operations.

3821} FIG. T shows a cross-sectional view of an exemplary processing chamber 100
according to some embodiments of the present technology. The figure may illustrate an
overview of a system incorporating one or more aspects of the present technology, and/or
which may be specifically configured to perform one or more operations according to
embodiments of the present technology. Additional details of chamber 100 or methods
performed may be described further below. Chamber 100 may be utilized to form film lavers
according to some emboduments of the present technology, although i is to be understood
that the methods may similarly be performed in any chamber within which filmn formation
may occur. The processing chamber 100 may include a chamber body 102, a substrate
support 104 disposed inside the chamber body 102, and a lid assembly 106 coupled with the
chamber body 102 and enclosing the substrate support 104 in a processing volume 120, A
substrate 103 may be provided to the processing volume 120 through an opeming 126, which
may be conventionally sealed for processing using a slit valve or door. The substrate 163
mav be seated on a surface 105 of the substrate support during processing. The substrate
support 104 may be rotatable, as indicated by the arrow 145, along an axis 147, where a shaft
144 of the substrate sapport 104 may be located. Alternatively, the sabstrate support 104

may be lifted up to rotate as necessary during a deposition process.

[6022] A plasma profile modulator 111 may be disposed in the processing chamber 100 to
control plasma distribution across the substrate 103 disposed on the substrate support 104,
The plasia profile modulator 111 may include a fust clectrode 108 that may be disposed
adjacent o the chamber body 102, and may separate the chamber body 102 from other
components of the lid assembly 106. The first clectrode 108 may be part of the lid assembly
106, or may be a separate sidewall electrode. The first electrode 108 may be an annular or
ring-hike member, and may be a ring clectrode. The first electrode 108 may be a contiuous
loop around a circumference of the processing chamber 100 surrounding the processing
volume 120, or may be discontinuous at selected locations if desired. The first electrode 108
mayv also be a perforated electrode, such as a perforated ring or a mesh electrode, or may be a

plate clectrode, such as, for example, a secondary gas distnbutor.

13023}  Onc or more isolators 110a, 110b, which may be a diclectric material such as a

ceramic or metal oxide, for example alumunum oxide and/or aluminum pnitnide, may contact
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the first electrode 108 and separate the first electrode 108 electrically and thermally from a
gas distributor 112 and from the chamber body 102, The gas distributor 112 may define
apertures 118 for distributing process precursors o the processing volume 120, The gas
distributor 112 may be coupled with a first source of electric power 142, such as an RF
generator, RF power source, DC power source, pulsed BT power source, pulsed RF power
source, or any other power source that mayv be coupled with the processing chamber. In some

embodiments, the first source of electric power 142 may be an RF power source.

{0024} The gas distributor 112 may be a conductive gas distributor or a non-conductive gas
distributor. The gas distributor 112 may also be formed of conductive and non-conductive
components. For example, a body of the gas distnibutor 112 may be conductive while a face
plate of the gas distributor 112 may be non-conductive. The gas distributor 112 may be
powered, such as by the first source of electric power 142 as shown i FIG. 1, or the gas

distributor 112 may be coupled with ground in some crabodiments.

[6825] The first clectrode 108 may be coupled with a first tuning circuit 128 that may
control a ground pathway of the processing chamber 100, The first tuning circuit 128 may
include a first electronic sensor 130 and a first electronic controller 134, The first electronic
controller 134 may be or inclade a vartable capacitor or other cirenit elements. The first
tuning circutt 128 mayv be or include one or wore inductors 132, The furst tuning circuit 128
may be any circuit that enables vanable or controllable impedance under the plasma
conditions present in the processing volume 120 during processing. In some embodiments as
ifustrated, the first tuning circuit 128 may nchude a first circuit leg and a second circuit leg
coupled in parallel between ground and the first eloctronie sensor 130, The first circust log
may mnclude a first inductor 132A. The second circuit leg may include a second inductor
132B coupled in series with the first electronic controller 134, The sceond inductor 132B
may be disposed between the first electronic controlier 134 and a node connecting both the
first and second circuit legs 1o the first electronic sensor 130, The first electronic sensor 130
may be a voltage or current sensor and may be coupled with the first electronic controller
134, which may atford a degrec of closed-loop control of plasma conditions inside the
processing volume 120,

13026] A second electrode 122 may be coupled with the sabstrate support 104, The second
electrode 122 may be embedded within the substrate support 104 or coupled with a surface of

the substrate suppoit 104, The second electrode 122 may be a plate, a perforated plate, a

~d
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mesh, a wire screen, or any other distributed arrangement of conductive elements. The
second electrode 122 may be a tuning clectrode, and may be coupled with a second tuning
ciremit 136 by a conduit 146, for example a cable having a selected resistance, such as 30
ohms, for example, disposed in the shaft 144 of the substrate support 104. The second tuning
circuit 136 may have a second electronic sensor 138 and a second electronic controller 140,
which may be a second vanable capacitor. The second electronic sensor 138 may be a
voltage or current sensor, and may be coupled with the sccond electronic controller 140 to

provide further control over plasma conditions in the processing volume 120

{6027} A third electrode 124, which may be a bias electrode and/or an clectrostatic
chucking electrode, may be coupled with the substrate support 104, The third electrode may
be coupled with a second source of electric power 150 through a filter 148, which may be an
impedance matching circuit. The second source of electric power 150 may be DC power,
pulsed D power, RF bias power, a pulsed R¥ source or bias power, or a combination of
these or other power sources. In some embodiments, the second source of electric power 1350

may be an RF bias power.

[6828] The lid assembly 106 and substrate support 104 of FIG. 1 may be used with any
processing chamber for plasma or thermal processing. In operation, the processing chamber
100 may afford real-time control of plasma conditions in the processing volume 120, The
substrate 103 may be disposed on the substrate support 104, and process gases may be flowed
through the lid assembly 106 using an inlet 114 according to any desired flow plan. Inlet 114
may include delivery from a remote plasma source unit 116, which may be fluidly coupled
with the chamber, as well as a bypass 117 for process gas delivery that may not flow through
the remote plasma source unit 116 in some embodiments. Gases may exut the processing
chamber 100 through an outlet 152, Electric power may be coupled with the gas distribator
112 to establish a plasma in the processing volume 120, The substrate may be subjected to an

clectrical bias using the third electrode 124 1o some embodiments.

[6029] Upon encrgizing a plasma in the processing volume 120, a potential difference may
be established between the plasma and the first electrode 108, A potential difference may
also be cstablished between the plasma and the second electrode 122, The electrome
controllers 134, 140 may then be used to adjust the flow properties of the ground paths
represented by the two tuning circuits 128 and 136, A set point may be delivered to the first

tuning circuit 128 and the second tuming circuit 136 to provide independent control of
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deposition rate and of plasma density uniformity from center to edge. In embodiments where
the electronic controliers may both be variable capacitors, the electronic sensors may adjust
the varable capacitors to maximize deposition rate and minimize thickuess non-uniformity

independently.

16030} Fach of the tuning circuits 128, 136 may have a variable impedance that may be
adjusted using the respective electronic controllers 134, 140, Where the electronic controliers
134, 140 are variable capacitors, the capacitance range of each of the vanable capacitors, and
the inductances of the first inductor 132A and the second mductor 1328, may be chosen to
provide an impedance range. This range may depend on the frequency and voltage
characteristics of the plasma, which may have a mininmtwm in the capacitance range of each
variable capacitor. Hence, when the capacitance of the first electronic controller 134 isat a
mininuug of maximum, impedance of the first tuning circuit 128 may be high, resulting in a
plasma shape that has a mindowm aenal or lateral coverage over the substrate support. When
the capacttance of the first electronic controller 134 approaches a value that minimizes the
impedance of the first tuning circuit 128, the aerial coverage of the plasma may grow to a
maximum, effectively covering the entire working area of the substrate support 104, As the
capacttance of the first clectronic controller 134 deviates from the munimum impedance
setting, the plasma shape may shrink from the chamber walls and acrial coverage of the
substrate support may dechine. The second electronic controller 140 may have a similar
effect, increasing and decreasing aerial coverage of the plasma over the substrate support as

the capacitance of the second electronie controller 140 may be changed.

[0031] The electromc sensors 130, 138 may be used fo tune the respective circutts $28, 136
n a closed loop. A set point for current or voltage, depending on the type of sensor used,
may be nstalled i cach sensor, and the sensor may be provided with control software that
determines an adjustment to cach respective electronic controller 134, 140 to minimize
deviation from the set point. Consequently, a plasroa shape may be sclected and dynamically
controlled during processing. It 1s to be understood that, while the foregoing discussion is
based on electronic controllers 134, 140, which may be variable capacttors, any clectronic
component with adjustable characteristic may be used to provide tuning circutis 128 and 136

with adjustable impedance.

16832} Tuming to FIG. 2 is shown exemplary operations in a processing method 200

according to some erabodiments of the present techuology. The mothod may be performed in
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a variety of processing chambers, including processing chamber 100 described above, as well
as any other chambers in which the operations may be performed. Method 200 may include a
number of optional operations, which may or may vot be specifically associated with some
embodiments of methods according to the present technology. For example, many of the
operations are described in order to provide a broader scope of the structural formation, but
are not critical to the technology, or may be performed by alternative methodology as would
be readily appreciated. Method 200 may include a processing method that reay include a
number of operations for reducing surface defects on substrates or matenals deposited on
substrates. As will be explained further below, by adjusting the surface energy and/or
superficially etching exposed material on a substrate, defects can be limited or prevented,

which can improve downstream processes ncluding lithography.

6833} In some embodiments, method 200 may optionally include a pre-treatment of a
substrate surface at optional operation 205, By pre-treating the surface of the substrate,
adhesion of the film may be improved by producing favorable termination between the
substrate and the film. Additionally, any materials that may have dropped to the substrate
mav be purged or removed prior to film deposition. The pre-treatment may be or include a
thermal process, or may include a plasma-enhanced process. Processing conditions or
materials may be similar to any processing condition or material discussed below, which may
be used during deposition or treatment occurring subsequent to deposition. The treatment
may include delivery of a hydrogen-containing precursor, a nitrogen-containing preCursor, an
oxidizing precursor as will be described below, or some other precursor. Exemplary
precursors may include hvdrogen, ammonia, or other hydrogen-containing or nitrogen-
containing precursors, or any oxidizing precursor that may interact with the substrate or
defect materials as will be described further below. For cxample, in some cmbodiments the
pre-treatment may inchude some or all operations as will be discussed below as cecurring

subsequent to deposition of a film according to embodiments of the present technology.

6034} At operation 210, the method may include formng a plasma of a carbon-contaiming
precursor in the processing region of the semiconductor processing chamber. At operation
215, a carbon-containing material may be deposited on the substrate, which may be seated on
a substrate support within the processing region, such as previously described. Although the
remaining disclosure will discass carbon-containing materials, it is to be understood that
some embodiments of the present technology may be applicable to a number of additional

materials and films, including additional film formations. For example, although a plasma-

10
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cuhanced deposition s discussed, thenmally deposited carbon-containing films may also
beneficially be treated by aspects of the present technology. Stmlarly, other materials that
may be used in erabodiments of the present techuology ruay include silicon-containing
materials, doped matenals, ncluding doped carbon and/or doped silicon, and a number of
additional mask or deposition products, as one of skill would readily appreciate could be

incorporated in some embodiments of the present technology.

{6035} The plasma power at which the processing is performed may impact the film
growth, as well as a variety of properties of the film. For example, carbon incorporation
within the film may allow the dielectric constant to be reduced by incorporating additional
methyi groups within the film. However, during plasma processing, methyl moietics may be
decomposed relatively easily, and carbon may then simply be exhausted from the chamber.
Additionally, as plasma power increases, bombardment of the film may increase, which may
remove pores and density the film, and which may further reduce the film diclectric constant.
Accordingly, i some embodiments, the plasma may be generated at a plasma power of less
than or about 500 W, and may be generated at less than or about 456 W, fess than or about
400 W, less than or about 330 W, less than or about 300 W, less than or about 250 W, less
than or about 200 W, less than or about 150 W, less than or about 100 W, less than or about

50W, or less.

[6036] Smnilarly, the pressure at which the process may be performed may impact aspects
of the process as well. For example, as pressare increases, absorption of atmospheric water
may increase, which may increase the diclectric constant of the film. As pressure is
matntained lower, hydrophobicity of the film may increase. Accordingly, in some
embodiments the pressure may be maintained at less than or about 10 Torr to afford
production of sufficiently low diglectric constant, and the pressure may be maintained at less
than or about 9 Torr, less than or about 8 Torr, less than or about 7 Torr, less than or about 6
Torr, less than or about 5 Torr, less than or about 4 Torr, less than or about 3 Torr, less than
or about 2 Torr, less than or about 1 Torr, less than or about 0.5 Tory, or less. However, to
maintain plasma parameters to facilitate film formation, the pressure may be maintained

above or about 0.5 Torr, and may be mauntained above or about 1 Torr, or higher.

136371 At operation 220, once sufficient deposition has occurred, flow of the carbon-
containing precursor, as well as any mumber of other deposition precursors, may be halted. In

some crubodiments, the plasma may be extinguished, f used, and a purge operation may then

11
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proceed n the same processing chamber in which the deposition has occwrred. Additionally,
in some embodiments, the plasma may be maintained during the transition to the purge, or
subscquentlv reignited, which may allow deposition matenals to be betier purged from the
systern. For example, in some embodiments a plasma may be generated from an oxidizing
precursor at operation 223, The plasma may be generated in a remote plasma unit as
previously described. or may be generated within the processing region, or maintained within
the processing region subsequent the deposition. As one non-limiting example for a carbou-
containing material, the deposition precursors may include one or more carricr gases, such as
argon and/or helium. In some embodiments, when delivery of the carbon-containing
precursor is halted, delivery of the cardier gases may be at least partially maintained in order
to maintain the plasma. Additionally, the oxidizing material may be delivered simultancously
with halting flow of the carbon-containing precursor, which may also facilitate maintaining

the plasma generation.

[6838] The plasma effluents of the oxidizing matenial may contact the carbon-containing
material and form volatile materials frony an exposed surtace of the carbon-containing
material at operation 230, Additionally, any residual carbon-containing matenial that may
have been trapped or held within the plasma envelope, especially small defect materials that
may not be large encugh to deposit from the plasma, may react with the oxidizing material.
in conventional technologies, small particles may fall to the surface of the substrate as soon
as the deposition plasma s extinguished, despite a flow of purge gas. This may be due to the
proxamity of the particles to the substrate, and length of the exhaust path, which may allow
the particles to drop to the wafer, and cause defects in the formed film. Especially smaller
defect particles as discussed above may contribute to sub-20 num particle generation, as these

materials may otherwise be sustained in the plasma during the deposition.

16039} However, the oxidizing materials may react with these particles prior to falling to
the substrate, which may allow volatile materials to be formed. As one non-limiting
example, carbon-containing materials, such as carbon-and-hydrogen radical or ¢ffluent
species, may be contacted by oxygen, fluorine, or hydrogen radicals and produce volatile gas
species, which may be readily exhausted from the systent. The oxidizing materials may himat
the amalgamation of carbon-hvdrogen fragments to larger chains, which can limit smaller gas
phase nucleation defects. This has been shown to dramatically reduce defect generation on
the substrate. Although in some embodiments formation of the oxidizing plasma may occur

in the remote plasma region, by producing or sustaming the plasma n the processing region,
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the particles may be sustained within the plasma and reacted with the oxidizing matenals

prior to contacting the substrate.

[6046] In some embodiments, the oxidizing material may be or include an oxygen-
containing material, a fluorine-containing material, and/or a hydrogen-containing material.
As non-linuting examples, the oxidizing material may be or include oxyeen, ozone, nitrous
oxide, nitric oxide, water, an alcobol, any organo-fluorine matenal, which may include
carbon, hyvdrogen, and flaorine, carbon tetrafluoride, nitrogen trifluoride, fluorine gas, or any
other fluorine-containing precursor, diatomic hvdrogen, ammonia, or any number of other

materials that may include oxygen, fluorine, or hydrogen.

[6041] Carbon-containing precursors that may be used in deposition may be or include any
number of carbon-containing precursors.  For example, the carbon-containing precursor may
be or inchude any hydrocarbon, or any matenal including or consisting of carbon and
hydrogen. In some embodiments, the carbon-containing precursor may be characterized by
ong or morc carbon-carbon double bonds and/or one or more carbon-carbon triple bonds.
Accordingly, in some embodiments the carbon-containing precursor may be or include an
alkane, alkene, or an alkyne, such as acetvlene, ethylene, propene, or any other carbon-
containing material. The precursor may inclade carbon-and-hydrogen-containing precursors,
which may mehude any amount of carbon and hydrogen bonding, along with any other

clement bonding.

[B042] Ascxplained above, some embodiments may include silicon-containing material
formation. Non-hinuting examples of silicon-containing precursors that may be used during
processing accordmg to some embodiments of the present technology may include silane,
disilane, trisilane, stlicon tetrafluoride, silicon tetrachloride. dichlorosilane. as well as any
other silicon-containing procursors that may be used in silicon-containing film formation.
Dopant precursors may also be used with any of the other precursors to produce doped films.
As one dopant that may be mcladed, boron-containing precursors may inclade borane,
diborane, tetraborane, pentaborane, hexaborane, decaborane, or any other boron-containing

precursors, which may provide any amount of boron incorporation in deposited flms.

16843} The temperature within the processing region, or the substrate or support
cmperature may be maintained at the deposition temperature, or may be increased 1 some
cmbodiments. Accordingly, n embodiments of the present technology the temperature may

be any temperature used in deposition operations, such as greater than or about 100 °C,

et
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greater than or about 200 °C, greater than or about 300 °C, greater than or about 400 °C,
greater than or about S00 °C, or higher. Preasare may be increased or decreased between the
deposition operation, and may be used to control an amount of interaction with the oxidizing
matertal and the deposited material. For example, as pressure increases, an amount of impact
or interaction between the oxidizing materials and the substrate may increase, which may
increase an amount of etching of the film. Simiarly, at much lower pressures, mean-free
path may increase, which may increase jon energy causiog an amsount of sputtering of the
film deposited. Consequently, to control losses of the deposited material, although the
pressure may be mamntained at any pressure of deposition operations, in some embodiments
the pressure may be maintained between about 2 Torr and about 20 Torr, and may be
maintained at less than or about 15 Torr, less than or about 12 Torr, less than or about 10

Torr, less than or about 8 Torr, less than or about 5 Torr, or less than or about 3 Torr.

6044}  Asnoted above, the oxidizing material may enact an amount of ctching of the
material formed on the substrate. For example, oxyvgen-containing materials are often used o
etch carbon films or hardmasks. To reduce or limit an amount of removal, a plasma power
used when generating the plasma species of the oxidizing material may be maintained at less
than or about 300 W, and may be maintamed at less than or about 450 W, less than or about
400 W, fess than or about 350 W, less than or about 300 W, less than or about 250 W, less
than or about 200 W, less than or about 150 W, less than or about 100 W, less than or about
50 W, orless. By performing a low power purge process, removal of the deposited material
may be maintained at less than or about 1 nm, or less, and may be maintained at a few
monolayers of material, or less. This may be sufficient to remove particles from the sarface,
which may have lower attraction or bonding encrgy to the fibm, and may be readily volatized
and removed, resolving defects on the film, while mauxtaining the formed film. Additionally,
by performing a lower power treatment with an oxidizing matenal, surface attraction along
the deposited material may be adjusted. For example, oxygen and many other species may be
negatively charged. and may cause the surface to become electronegative. This may provide
a repulsive force to particles afloat in the processing region, and may ensure the particles may
be purged from the system instead of landing on the substrate.

[0045]  Additionally, the surface energy of the substrate may be tuned to be more
hvdrophilic or hvdrophobic in some embodiments, which may not only provide repulsion as
noted above, but may also impact adhesion of later deposited films. For example, in some

embodiments, subsequent processing operations may include depositing one or more other
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materials on the substrate. If the substrate surface may atiract the matenial subsequently
deposited, no other adjustments may be needed. Additionally, if a treated surface may repel
the subsequently produced film, thus can reduce adhesion and cause film pecling.
Accordingly, in some embodiments, affer a sufficient purge, which may reduce particle
defects on the substrate, a separate treatment may be performed (o adjust the surface encrgy
on the substrate. For example, a hydrogen-containing material or plasma cffivents may be
delivered to interact with the surface, which roay adjust the surface energy and uvoprove
adhesion properties with later-formed films. A number of other treatments may mchude use
of the precursors utilized in the plasma purge, and may inchide selecting materials for the
plasma purge based on an effect on film surface energy change. For example, a films surface
energy, and specifically the solid surface free energy from Young's equation, may be
increased or decreased depending on the material utilized. As one example, a mtrogen
treatment may be performed to slightly increase the films surface energy to promote adhesion
compatibility. In greater increases may be needed, a more electronegative material may be
used. For example, nitrous oxide may be used in the plasma purge to produce an increased
surface energy change, and oxygen may be nsed in the plasma purge o produce an cven
larger surface energy change. These treatments may respectively increase the mumber of
clectronegative materials contacting the film surface, which can increasingly impact the film
surface energy. Additionally, materials may be used to reduce the film surface energy. For
example, a fluorine-containing material may be used to reduce the filim surface energy prior

1o a subsequent process.

[B046]  As explained above, exposure to oxidizing materials may cause etching to occur in
some embodiments if the process is not sufficiently controlled. This can lcad to pitting or
other issues with the produced film. Accordingly, m some embodiments, plasma purge
operations according to embodiments of the present fechnology may be performed for less
than or about 30 seconds of plasma generation or exposure to oxidizing species, and may be
performed for less than or about 23 seconds, ess than or about 20 seconds, less than or about
15 seconds, less than or about 10 seconds, less than or about 5 seconds, or less. Similarly, by
himiting the amount of oxidizing material, the process may ensure hmited etching, while
allowing gas phase reactions to occur that can limit particle generation and defect formation.
For example, to cosure imited ctching of the formed film, the oxidizing matenal may be

delivered at a flow rate of less than or about 230 scom, and may be delivered at less than or
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about 200 scom, less than or about 150 scom, less than or about 100 scom, less than or about

50 seem, or less.

{3847} A plasma process may not be necessary in some embodiments, depending on the
film produced, and instead a purge and soak operation may be performed, where a non-

5 plasma-enbanced oxidizing material is flowed into the processing region and allowed to
interact with the substrate, which may also capture radical effluent deposition species, and
adjust surface charge on the depostted materials. By performing purge treatments according

to some embodiments of the present technology, defect generation can be greatly reduced.

[0048] In the preceding description, for the purposes of explanation, numerous details have
10 been sct forth i order to provide an understanding of various embodiments of the present
techoology. It will be apparent to one skilled in the art, however, that certain embodunents

L2

may be practiced without some of these details, or with additional details.

{0049} Having disclosed several embodiments, it will be recognized by those of skill in the
art that various modifications, alternative constructions, and equivalents may be used without
15 departing from the spirit of the embodiments. Additionally, a number of well-known
processes and elements have not been described in order to avoid unnecessarily obscuring the
present techuology. Accordingly, the above description should not be taken as funiting the
scope of the technology. Additionally, methods or processes may be described as sequential
or i steps, but it 1s 1o be understood that the operations may be performed concurrently, or in

20 different orders than listed.

{3056] Where a range of values is provided, it 1s anderstood that cach intervening value, to
the smallest fraction of the unit of the lower limit, unless the context clearly dictates
otherwise, between the upper and lower bmits of that range 18 also specifically disclosed.

Any narrower range between any stated values or unstated intervening values n a stated

o]
(4

range and any other stated or intervening value in that stated range is encompassed. The
upper and lower limits of those smaller ranges may independently be included or excluded in
the range, and cach range where cither, neither, or both hmits are included in the smaller
ranges 1s also encompassed within the technology, subject to any specifically excluded lonit
in the stated range. Where the stated range includes one or both of the limits, ranges

3¢ excluding either or both of those included limits are also included.

{8031} Asused herein and tn the appended claims, the singular forms a7, “an”, and “the”

inchiude phural references unless the context clearly dictates otherwise. Thus, for example,
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reference to “a precursor” includes a plurality of such precursors, and reference to “the layer”
includes reference to one or more layers and equivalents thereof known to those skilled in the

art, and so forth.

[6052]  Also, the words “comprise(s)”, “comprising”, “contain(s)”, “containing”,
“mclude(s)”, and “jncluding”, when used in this specification and in the following claims, are
intended 1o specify the presence of stated features, integers, components, or operations, but
they do not prechude the presence or addition of one or more other features, integers,

components, operations, acts, Or Qroups.
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CLAIMS:

i. A method of semiconductor processing comprismg;

forming a plasma of a carbon-containing precursor in a processing region of a
semiconductor processing chamber;

depositing a carbon-contatiung maternial on a substrate housed in the
processing region of the semiconductor processing chamber;

halting a flow of the carbon-containing precursor into the processing region of
the semiconductor processing chamber;

contacting the carbon-containing material with plasma effluents of an
oxidizing material; and

forming volatile materials from a surface of the carbon-containing material.

~

2. The method of semiconductor processing of claim 1, wherein the
oxidizing material comprises an oxygen-containing precursor or a fluorine-containing

precursor.

3 The method of seniiconductor processing of claun 1, wherein the
plasma effluents of the oxidizing material are formed in the processing region of the

semiconductor processing chamber.

4. The method of semiconductor processing of claim 3, wherein the

plasma effluents are gencrated at a plasma power of less than or about 200 W.

3. The method of semiconductor processing of claim 1, wherein the
plasma efflucnts of the oxidizing material are formed in a remote plasma unit fhedly coupled

with the processing region of the semiconductor processing charber.

6. The method of senuconductor processing of claim 1, wherein a
temperature of the semiconductor processing chamber s mamtained at greater than or about

400 °C during the method.

7. The method of semiconductor processing of claim |, wherein
contacting the carbon-containing material with plasma effluents of the oxidizing matenal

causes a surface of the carbon-containing material to become negatively charged.

13
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g The method of semiconductor processing of claim |, wherein
contacting the carbon-containing material with plasma effluents of the oxadizing material is

performed for less than or abowt 30 seconds.

9. The method of senueconductor processing of claim |, wherein
contacting the carbon-containing material with plasma efflacnts of the oxidizing material is
performed i the semiconductor processing charaber directly subseguent to the carbon-

containing material being deposited on the substrate.

10, The method of semiconductor processing of claim |, wherein a carrier
gas 18 flowed with the carbon-containing precursor, and wherein a flow of the carrier gas is
maintained while contacting the carbon-containing material with plasma effluents of the

oxidizing material.

i1, The method of semiconductor processing of claim 10, wherein a
plasma is sustained between depositing the carbor~contaming material and contacting the

carbon-containing material with plasma effluents of the oxidizing matenial.

12, A method of seroiconductor processing Comprising:

forming a plasma of one or more deposition precursors in a processing region
of a semiconductor processing chamber;

depositing a material on a substrate housed in the processing region of the
semiconductor processing chamber;

halting a flow of at least one of the one or more deposition precursors into the
processing region of the semiconductor processing chamber;

contacting the material deposited on the substrate with plasma effluents of an
oxidizing matenial; and

forming volatile materials from a surface of the material deposited on the

substraie,

13, The method of semiconductor processing of claim 12, wherein the
material deposited on the substrate comprises one or more of amorphous carbon, doped

carbon, or a silicon-containing material.
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4. The method of semiconductor processing of claim 12, wherein the
oxidizing material comprises an oxygen-containing precursor or a fluorne-containing

PIECUISOL.

i5.  The method of semiconductor processing of claim 12, wherein the
plasma effluents of the oxidizing material are formed in the processing region of the
semiconductor processing chamber, and wherein the plasma cffluents are gencrated at a

plasma power of less than or about 500 W,

f6.  The method of semiconductor processing of claim 12, wherein
contacting the material deposited on the substrate with plasma effluents of the oxadizing
material causes a surface of the material deposited on the substrate to become negatively

charged.

17.  The method of semiconductor processing of claim 12, wherein
contacting the material deposited on the substrate with plasma ctfluents of the oxidizing

material 1s performed for less than or about 30 seconds.

18, The method of semiconductor processing of claim 12, wherein a
carrier gas 18 inchuded as one of the one or more deposition precursors, wherein a flow of the
carrier gas is maintained while contacting the material deposited on the substrate with plasma
effluents of the oxidizing material, and wherein a plasma 1s sustained between depositing the
material on the substrate and contacting the material with plasma effluents of the oxidizing

material.

19 A method of semiconductor processing comprising:

forming a plasma of a carbon-containing precursor in a processing region of a
semiconductor processing chamber;

depostting a carbon-containing material on a substrate housed in the
processing region of the semiconductor processing chamber;

halting a flow of the carbon-containing precursor into the processing region of
the semiconductor processing chamber;

contacting the carbon-containing matenal with an oxidizing material in the
semiconductor processing chamber; and

treating a surface of the carbon-containing matenal.
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26, The method of semiconductor processing of claim |9, wherein treating
the surface of the carbon-containing matenal comprises:

forming a plasma of the oxidizing material in the processing region of the
semiconductor processing chamber;

contacting the carbon-containing material with plasma effluents of the
oxidizing material; and

forming volatile materials from a surface of the carbon-containing material.



