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Nagative Tone Developer Compatible Photoresist Composition and Methods of
Use
inventors:
Anion J. deVilliers

CROSS REFERENCE TO RELATED APPLICATIONS

(00011 The present application claims the benefit of U.S. Provisional Patent
Application No. 62/021,756, filed on July 8, 2014, entitled “Negative Tone Developer
Compatible Photoresist Compaosition and Methods of Use,” which is incorporated

herein by reference in its entirety.

BACKGROUND OF THE INVENTION

(6002} Technigues disclosed herein relate 10 microfabrication, and relate in
particular to photolithography.

(0603} In material processing methodologies (such as photolithography),
creating patterned lavers typlcally involves the application of a thin layer of radiation-
sansitive material, such as photoresist, {0 a surface of a substrate. This radialion-
sensitive material is transformed into a patierned mask that can be used to ofch or
transfer a paitern into an underlying layer on a substraie. Falterning of the radiation-
sensitive material generally involves exposure by a radiation source through a relicle
{and associated oplics) onto the radialion-sensitive material using, for example, a
photdlithographic system. This exposure creates a latent pattern within the
radiation-sensitive material which can then be developed. Developing refers (o
dissolving and removing a portion of the radiation-sensitive material to vield a
topographic or physical pattern. For example, developing can include removal of
irradiated regions of the radiation-sensitive material (as in the case of positive
photoresist), or non-irradiated regions (as in the case of negative resist) using a
developing soivent. The topographic pattern can then function as a mask layer for

subsequent processing.

SUMMARY

[6004] “Resist” compositions and films, as used in the microfabrication
industry, generally refer 1o materials that resist an eich process. This includes
resistances 1o wel eich processes, and also {0 piasma-based dry etch processes.
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Such films are commonly described as photoresisis because of their ability to have a
solubility shift in response 10 exposure 1o a parlicular radiation wavelength or
wavelengths.

[G005] Current photolithography trends include using negative tone developer
compatible photoresists. Such pholoresists are positive tone photoresists but are
developed using a negative tone development {echnigue. A conventional positive
tone pholoresist responds to actinic radiation by de-protecting exposed regions o a
developing solvent. In other words, portions of a positive tone photoresist exposed
to radiation have a solubility shift in which solubility is increased to a posilive tone
developer. With negative fone development, however, 3 positive photo resist is used,
but it is the unexposed {protected region) that is dissolved by negative tone
developer scivents. There are advantages o using negative fone development
schemes. Nevertheless relief patterns and lines created using a negative fone
development scheme can have an undesirable line edge or line width roughness.
This roughness can then limit subsequent pattern transfer and microfabrication
[rOCesses.

[0008] Techniques disclosad herein include negative tone developer
compatible compositions and methods of using such compositions. This includes a
positive tone photoresist that can be developed using negative tone developers in
that unexposed portions of the positive tone photoresist are dissolvable by one or
more negative tone developer solvents. One embodiment includes a negative tone
developer compatible photoresist with litlle or no etch resistance. in other words,
compaositions can include a non-resistive photoresist that is compatible with negative
tone development. Non-resistive photoresist malerials as described herein include
one or moerg radiation-sensitive atiribules (for example, the photoresist can be
patiermned, de-protected, solubllity shified, interact with photo chemisiries, and
respond 1o exposure doses), except that these malerials have effectively no elch
resistance. In the context of microfabrication, such a composition runs counier to
conventional and historical photolithography practices because the pumposs of a
resist is 1o provide a pallerned mask that can be used o fransfer a paltern into an
underlying layer by eiching the underlying layer. For example, if a relief pattern
using such a non-resistive photoresist was subjected 1o a given efch process
immediately after developing the relief patlern, then the relief pattern will be quickly

elched away or etched away prior fo etch tfransfer of the relief pattern into an
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underiying layer. Nevertheless, such a non-resistive positive tone pholoresist that is
compatible with negative tone development is beneficial, and is particularly beneficial
to microfabrication processes.

{60071 Compositions described herein can be used with methads described
herein that include one or more post-development techniques. Techniques herein
can include various types of image reversal technigues in which a given relisf paltern
is reversed prior to efch transfer. Technigues herein can also include various types
of photoresist strengthening lechnigues that create elch resistivity after photoresist
development.

[0008] Negative tone developer compatible photoresisis having substantially
no gich resistivity, as disciosed herein, provide variocus benefils. Positive tone
photoresists that are negalive tone developer compatible conventionally include one
or more componenis thal provide or promote elch resistivity. For example, such
additives can include cage groups, adamantyl groups, iactone groups, or other
additives that provides etch resistance. By removing these eich resistive
componenis, a more cost-efficient photoresist can be generated. Moreover, these
resistive components typically add bulk to a given photoresist and can be
responsibie for increasing edge or surface roughness. Without eich-resistive groups
included, a given positive tone photoresist ¢can have a roughness reduction of up fo
one nanometer or more.

(00091 Of course, the order of discussion of the different steps as described
hersin has been presented for clarity sake. in general, these steps can be
performed in any suitable order. Additionally, although each of the different features,
techniques, configurations, ete. herein may be discussed in different places of this
disclosure, it is intended that each of the concepts can be executed independently of
each other or in combination with each cther. Accordingly, the present invention can
be embodied and viewed in many different ways.

(00101 Note that this summary section does not specify every embaodiment
and/or incrementally novel aspect of the present disclosure or ¢laimed invention.
Instead, this summary only provides a prefiminary discussion of different
embodiments and corresponding poinis of novelly over conventional techniques.

For additional detlails and/or possible perspectives of the invention and embodiments,
the reader is direcied to the Detailled Description section and corresponding figures
of the present disclosure as further discussed below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[00141] A more complele appreciation of various embodiments of the invention
and many of the attendant advantages thereof will become readily apparent with
reference 1o the following detalled description considered in conjunction with the
accompanying drawings. The drawings are not necessarily to scale, with emphasis
insiead being placed upon illusirating the fealures, principles and concepis.
(0012} FIGS. 1A-1E are ¢ross-sactional schematic views of an example
substrale segment showing a process flow according 1o embodiments disclosed
herein.

[6013] FIGS. 2A-2F are ¢ross-sectional schamatic views of an example
substirate segment showing a process flow according to embodiments disclosed
herein.

[0014] FIGS. 3A-3E are cross-sactional schemalic views of an example
substrate segment showing a process flow according to embodiments disclosed
herein.

[6015] FIGS. 4A-4F are cross-sectional schematic views of an example
substrate segment showing a process flow according o embodiments disclosed
herein.

[60186] FIGS. 5A-5J are cross-sectional schematic views of an example
subsirate segment showing a process Tlow according to embodiments disclosed
hersin.

100171 FIGS. 8A-80 are cross-sectional schematic views of an example
substrate segment showing a proceass flow according o embodiments disclosed

herein.

DETAILED DESCRIPTION

(00181 Technigues disclosed herein include negative iong deveioper
compatible compositions and methods of using such compaositions. This includes a
positive tone pholoresist that can be developed using negative tone developers in
that unexposed portions of the positive tone pholoresist are dissolvable by one or
more negative tone developer solvents. One embodiment includes a negative tone
developer compatible photoresist with litle or no elch resistance. In other words,
compositions can include a non-resistive photoresist that is compatible with negative
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tone development. Non-resistive photoresist materials as described herein include
one or more radiation-sensilive attributes (for example, the photoresist can be
pattermned, de-protecied, solubility shified, interact with photo chemistries, and
respond 1o exposure doses), excapt that these materials have effectively no efch
resistance.

[0019] One example embodiment includes a positive tone photoresist that is
negative tong developer compatible, and that is substantially or effectively free from
compoenants, functional groups, or additives that provide or increase stch resistivity
to a wet or dry etch process. A positive tone pholoresist is a pholoresist that, in
response 1o exposureg to radiation, increases its solubllity 1o one or more positive
tone developers. In other words, regions that are exposed (o light become de-
protected to a positive tone developer such that a positive tone developer can
dissolve exposed portions. A negative tone developer is a developer chemistry that
dissoives un-exposed portions of a given positive tone photoresist film. Thus, as
used herein, a negative tone developer compatible pholoresist is a positive fone
photoresist that is formulated 1o have a solubllity shift in response o exposure o
actinic radiation (usually at a particular light wavelength) such that exposed portions
become insoluble {0 a negative tone developer and un-exposed portions remain
soluble o a negative tone developer. The exposed portions can become soluble to
a positive tone developer chemistry.

(00207 Positive tone developer chamisiries have been conventionally used.
Developing a patltern using positive tone development (PTD} involves remioving an
exposed region of a latent pattern in a photoresist film by the aclion of an agueous
base developer such as aguecus tetramethylarmmonium hydroxide (TMAH). An
exemplary positive tone devsloper is 0.26N TMAH (ag.). Allernatively, the same
latent pattern in the pholoresist film can be developed using an organic solvent
developer o provide negative tone development (NTD) in which the unexposed
region of the latent pattern is removed by the action of a negative ione developer.
Useful solvents for negative tone development include those aiso useful for
dissolving, dispensing, and coating. Exemplary negative tone developer solvents
include methyl 2-hydroxybutyrate (HBM), propylene glycol monomethyl sther acelate
(PGMEA), methoxyethoxypropionate, ethoxyethoxypropionate, and gamma-
butyrolactone, cyclohexanons, 2-heptanons, and a combination comprising at least

one of the foregoing solvents.
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(06217 Another embodiment can include a positive fone pholoresist
compoesition comprising a polymer component. A resin component can be included,
and this resin component can be selecied to exhibit increased alkali solubility under
action of acid. An acid generator component can be included that generates acid in
response o exposure to actinic radiation (photo acid generalor). The composition
can alsc include an organic solvent. The organic solvent can facilitale dispensing
and spin casting onio a subsirate. The organic scivent can be baked out to help
create a functional layer of photoresist. The positive tone photoresist composition is
substantially free (or entirely free) from functional groups that increase eich resistivity.
[0022] Another embodiment can include a pholoresist composition comprising
one or merg polymer components, ong or more resin components, one or mors
photo acid generator compounds that generate pholo adid in response o exposure
o a predetermined wavelength of light, and one or more solubility-changing groups
that react to generated photo acid by making polymer components insoluble to a
negative tone developer. This photoresist composition has approximately no etch
resistivity to dry or wet eich processes.

[0023] Another embodiment includes a pholoresist composition comprising
one or moerg resin components that exhibit a changs in solubllity under action of acid,
one or more pholo acid generalor compounds that generate photo acid in response
io exposure o radiation, and one or more solubility changing groups that react io
generated photo acid by making the polymer components insoluble 0 a negative
tone developer. This pholoresist composition has approximately no sich resistivity to
dry or wet elch processes such as plasma-based eiching chemistiries.

[0024] One embodiment includes a pholoresist composition comprising a
positive tone resist polymer component, a resin component, an acid generator
component that generales acid in response (0 exposure 1o aclinic radiation, a solvent,
and a solubility-shifting component that causes regions of the photoresist
composition exposed 0 actinic radiation (o become soluble 1o a positive tone
developer. This composition is formulated such that regions unexposed to actinic
radiation remain soluble 1o a negative lone developer. This pholoresist composttion
is also formulated such that an amount of functional groups, included in the
photoresist compaosition, that increase eich resistance, to a wet gich or dry elch
process, ranges from 6.0% o 15% by weight based on a total weight of sclid content
in the pholoresist composition. Thus, there can either be no such functional groups
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included in the composition, or an amount too small 1o provide any effeclive elch
resistance. In other embodiments such elch-resistance promoting funclional groups
are less than 10% or less than 5% by weight based on a tolal weight of solid content.
in other words, an amount of etch-resistance promeoting additives or compongnts is
sufficiently low to provide substantially no etch-resistance, especially as compared (o
elch-resistance of target layer to be stched.

[0025] Another embodiment is a photoresist composition that includes a
photoresist polymer component, a resin component, an acid generator component
that generates acid in response {0 exposure (o actinic radiation, a solvent, and a
solubility shifting component that causes regions of the photoresist composition
axposad o actinic radiation to become solubie {0 a positive tone developer, wherein
regions unexposed {o aclinic radiation remain soluble {0 a negalive tone developer.
An amount of functional groups, included in the photoresist polymer component that
increase sich resistance {0 a wet etch or dry etch process, ranges from 0.0% to 15%
by weight based on a tolal weight of the photoresist polymer component. n other
embodiments the amount of functional groups, included in the pholoresist polymer
component that increase efch resistance to a wel etch or dry elch process, is less
than 10% or 5%.

(0028} Cne embodiment includes a photoresist compaosition comprising a
positive tone resist polymer component, a resin component, an acid generator
component that generates acid in response 10 exposurs 1o actinic radiation, a solvent,
and a solubility-shifting component that causes regions of the photoresist
composition exposed {o aclinic radiation (o become soluble 1o a positive tone
developer. This composilion is Tormulated such that regions unexposed to aclinic
radiation remain soluble o a negative tone devsioper. This pholoresist composition
is formulated such that the pholoresist composition {or film made from the
photorgsist composition) has an Ohnishi parameter value greater than approximately
3.0, in other embodiments the Chnishi parameter value can be greaterthan 4.0 or
even 2.7.

(06277 Another embodiment includes a photoresist composition comprising a
polymer that includes a structural unit, a radiation-sensitive acid generator that
generates acid upon exposure o light, an acid-lablle group that shifts solubility of the
polymer in response o presence of acid, the polymer being compatible with a

negative tone developer such that unexposed regions of the polymer are soluble in
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the presence of a negative tone developer. The acid-labile groups are selecled o
cause exposed regions of the polymer to become inscluble [0 & negative tone
developer. This pholoresist composition has an Ohnishi parameter valus greater
than approximately 3.0

100628} Another embodiment includes a pholoresist composition comprising a
positive tone photoresist component that is soluble to an organic solvent. The
positive tone pholoresist component can include a polymer and/or resin. The
photoresist also comprises a radiation-sensitive acid generator that generates photo
acid in response to exposure {0 a predetermined wavelength of light, and a solubility-
shifting component that, in response 1o the presence of photo acid, causes the
positive tone photoresist component 1o become inscluble 1o an organic solvent
developer, whersin the photoresist composition is formulated such that, when formed
into a laver of photoresist, the laver of photoresist has an Ohnishi parameter greater
than 3.0. In other embodiments, the positive tone photoresist component comprises
a polymer or a resin and polymer

100291 The so-called Chnishi parameter is a measure of a given malerial’s
etch resistance. Wel or dry efching resistance can be estimated by the Ohnishi
parameter of a resist composition. The Ohnishi parameter can be defined as;
(N/{Nc—Noj}), where N expresses the total number of aloms, Nc expresses the
nurmber of carbon atoms, and No expresses the number of oxygen atoms. Thus, a
photoresist with high carbon content acts as a better efch mask than does a
photoresist with high oxygen content under oxygen plasma reactive ion etching (RIE).
Excellent dry elching ability is oblained when the Chnishi parameter is small. For
example, a resist composition having an Ohnishi parameler that is egual to or less
than 4.0 has good etch resistance, with values less than 2.5 highly desirable for etch
resistance. For example, a high carbon content polymer, such as poly(hydroxy-
styrene), has an Chnishi parameter {elch rate) of about 2.5, while an oxygen-
containing polymer such as poly{methyimethacrylate) has an Qhnishi parameter of
about 5.0, Any ring structures present can also contribute o a high elch resistance.
Thus, materials with an Ohnishi parameter of about 3.0 and grealer have litlle or no
etch resistance.

[0030] Another example embodiment includes a photoresist composition that
includes a photoresist polymer component, a resin component, an acid generator
component that generates acid in response 1o exposurs 1o actinic radiation, a solvert,

8
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and a solubility-shifting component that causes regions of the photoresist
composition exposed to aclinic radiation to become soluble 1o a positive tone
developer, and such that regions unexposed o actinic radiation remain soluble to 3
negative tone developer. This photoresist composition, when deposited on a
substrale as a pholoresist film, provides an etch resistivity such that a given plasma-
based siching process etches the photoresist film at a greater etch rate than the
given plasma-based etching process giches a material selected from the group
consisting of silicon dioxide, silicon, polycrystalline silicon, silicon nitride, tetrasthyl
orthosilicate, amorphous carbon, and silicon oxynifride. This photoresist fitm can
have an eich resistivity less than other materials conventionally patterned using
photoresist masks.
100313 Ancther smbodiment includes a positive tone photoresist compaosition
comprising a positive tone rasist polymer component, a resin component, an acid
generator component that generates acid in response 1o exposure {0 actinic radiation,
a solvent, and a solubility-shifing component that causes regions of the positive tone
photoresist composition sxposed o actinic radiation 10 become soluble o a positive
tone developer. This composition is formulated such that regions ungxposed to
actinic radiation remain soluble {¢ a negative tone developer. This positive tone
photoresist compaosition is free or substantially free from functional groups that
increase stch resistance (o a wet or dry sich process.
[00632] Another embodiment includes a photoresist composition comprising
one or more polymer components, ong or moreg resin compaonents, one or
more pholo acid generator compounds that generate pholo acld in response to
exposure to a predetermined wavelength of light, and one or more solubility
changing groups that react {0 generated photo acid by making the polymer
components insoluble 1o a negative tone developer, wherein the pholoresist
composition has substantially no elch resistivily to dry or wet etch processes. One
embodiment includes a photoresist compaosition that includes a negative tone
developer compatible photoresist that is substantially free from functional groups that
increase eich resistivity to a wet or dry eich process.
[0033] One embodiment includes a pholoresist composition comprising one or
more resin componants that exhibit a change in solubility under action of acid, ong or
morg photo acid generator compounds that generate photo acid in response {o

exposure to g radiation, and one or more solubllity changing groups that react 1o
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generated photo acid by making the polymer components insoluble 1o a negative
tone developer. This photoresist composition has substantially no elch resistivily to
dry or wet gich processes. Other embodiments include a photoresist compaosition
that comprises a positive tone photoresist component that is soluble to an organic
solvent, a radiation-sensitive acid generator that generates photo acid in response {o
exposure to a predetermined wavelength of light, a solubility-shifting component thal,
in responsg io the presence of photo acid, causes the positive tone photorgsist
component to becoms insoluble to an organic solvent developer, and that is
substantially free of cage groups, adamaniyl groups, lactone groups, ligand groups,
or other additives primarily designed {or that primarily function} 1o promote sich
resistance.

100343 Ancther smbodiment includes a positive tone photoresist compaosition
comprising a polymer component, a resin component that exhibils increased alkali
solubility under action of acid, an acid generator component that generates acid in
response 1o exposure to actinic radiation, and an organic solvent. The positive tone
photoresist composition is substantiaily free from functional groups that increase
etch resistivity.  Ancther photoresist composition comprises (a) a polymer, (b) a resin,
(¢} de-protection group, (&) a solvent, and (&) a pholoacid generator, wherein the
photoacid generator generates acid upon exposure {o radiation, wherein the de-
protection group responds [0 acid presence by changing solubllity of the polymer so
that the polymer is insoluble 1o negative tone develop soivents, and wherein the
photoresist is substantially free from constituents that provide eich resistance {0 an
etching process. Another photoresist compaosition comprises a positive fone
pholoresist with the positive tone photoresist being soluble 1o a negative tone
developer. The negative tone pholoresist is formulated such that exposure fo
lithographic radiation causes exposed portions (through a photomask) of the positive
fone pholorasist 0 become insoluble to a negative lone developer. This positive
tone pholoresist is free from components that provide elch resistance 1o a wet gich
process or to a dry eich process.

[0G35] Another embodiment can include a photoresist composition comprising
one or more polymer components, one or more resin components, one or more
photo acid generator compounds that generate photo acid in response {0 sxposure
to a predetermined wavelength of light, and one or more solubility-changing groups

that react to generate photo acid by making polymer componenis insoluble lo a

10



WO 2016/007303 PCT/US2015/037588

negative tone developer. This photoresist composition has approximately no etch
resistivity to dry or wet efch processes.

[0038] Another embodiment includes a pholoresist composition comprising
one or moerg resin components that exhibit a changs in solubllity under action of acid,
one or more pholo acid generalor compounds that generate photo acld in response
o exposure 1o radiation, and one or more solubility changing groups that readt o
generate photo acid by making the polymer components insoluble o a negative tong
developer. This photoresist composition has approximately no etch resistivity to dry
or wet eich processss.

{60371 Nole that the above compositions can be formulated as a fluid that is
spin castable such as to form a photoresist fiim on a substrate or wafer. One or
more of the compositions can be formulated 1o be subsiantially free from cage
groups, adamanty! groups, lactone groups, and/or ligand groups. Sensitizers can be
included in compositions for increasing a sensitivity of the resist material to the
lithographic radiation. Selections for polymer components, resin components, acid
generators, solvents, and solubility-shifting components ¢an be selected from
conventionaily available chemistries based on a given design or patierning
specifications o formulate a photoresist that s negative tone developer compatible
without providing substantial or effective elch resistance. For example, an eich
resisiance that is less than or about equal to an etch resistance of a particular
underlying layer (o be eiched would be ineffective. Conventionally, photoresist films
provide an etch resistance many times greater than a given target layer 1o be efched.
[0038] Fhotoresist compositions as disclosad herein ¢an be beneficial for use
in photolithography applications. For example, compositions herein can be used for
pattemning applications. One example method of making a pattern includes exposing
a photoresist composition layer {a photoresist film) with a pattern of adlinic radiation
{(typically of one or more predelermined wavelengths of light) and developing the
pattern by freatment with an organic solvent developer (negative tone developer) {o
form a negative tone relief image, that is, a topographically pattemned layer of
photoresist. Note, however, that this topographically patterned layer of photoresist
{immediately after this development step) is free from components designed 0
provide or promoteg elch resistance. The advantage of a photoresist lacking
functional groups that provide elch resistance is that a patiemned photoresist has

very smooth lines. One drawback of functional groups that provide etch resistance is
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that these additives are relatively bulky and increase surface roughness of a
developed pholoresist. The resull of patterning with photoresists disclosed herein is
creating a relief patiern resist layer with very low line edge roughness or lineg width
roughngss. This particular relief pattern, however, cannot be transferred inte an
underlying layer via conventional etch {echniques because the photoresist layer
provides little or no etch resistance.

(00391 Other technigues herein include methods of using any of the above-
described compositions, including use in patterning methods. These methods
generally include forming a film from such compositions, and then lithographically
patterning the film to create a relief or topographic patiern. For example, a pattern
forming method can include forming a photoresist film by depositing a photoresist
composition on a subsirate. The pholoresist composition can include any of the
above-described compositions. For example, this can include a positive tone
photoresist component that is soluble (0 an organic solvent, a radiation-sensitive acid
generator that generates photo acid in response 1o exposure o a predsterminad
wavelength of light, and a solubiiity-shifting component that, in response o the
presence of photo acid, causes the positive tone photoresist component 1o become
insoluble to an organic soivent deveioper. This photoresist film is exposed o
lithographic radiation, such as by using a scanner or stepper tool. Then the
photoresist film is developed using negative (one development such that unexposed
portions of the photoresist film are dissolved by an organic solvent developer {(or
other negative tone developer) resulting in a topographic patterned photoresist film,
wherein the fopographic patiernad photoresist film has an Chnishi parameter value
greater than 3.0

[6040] In other embodiments, an amount of functional groups included in the
photoresist composition or resist film that increase etch resistance 1o a wet eich or
dry etch process, ranges from 0.0% to 15% by weight based on a total weight of
solid content in the pholoresist composition. In other embodiments, the photoresist
compaosition, when deposited on a substrate as a photoresist film, provides an eich
resistivity such that a given plasma-based siching process eiches the photoresist
film al a greater elch rate than the given plasma-based etching process elches a
material selected from the group consisting of silicon dioxide, silicon, polycrysialline
silicon, silicon nitride, tetrasthy! orthosilicate, amorphous carbon, and silicon

oxynitride. In other words, the photoresist film has or provides an elch resistance
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less than that of an underlying target layer or memorization layer (sacrificlal transfer
layer).

[0041] Other embodiments include creating or increasing etch resistivity of the
topographic patterned photoresist film after developing the photoresist film using one
or more post-processing technigques. One advantage of developing latent patterns
using compositions herein is substantially reduced surface roughness or line
edge/iing width roughness, primarily becauss of a lack of resist-promoting additives.
Such compositions herein, however, run gountsr to conventional practices because
relief pattern films herein would be ineffective funclioning as an etch mask.

(0042} Techniques herein also include post-processing technigues {post-
development techniques) for transferring patterns into one or more underlying layers.
One type of post-processing technique involves physically or chemically
strengthening the topographicaily palterned pholoresist laver prior (o elch transfer,
Anocther type of post-processing technigue involves mulliple different methods for
reversing the topographically patterned photoresist layer prior to sich transfer.
[0043] One technigue for strengthening a patterned pholoresist laver indludes
an axposure to ballistic electrons. Such a treatment can occur in a plasma
processing chamber that includes an upper slectrode. A subsirate having a film of
photoresist as disclosed herein is mounied on a substrate holder of a plasma
processing chamber such as a capacitively-coupled plasma processing chamber. In
this chamber the upper slectrode has a silicon or silicon oxide coating or plate. A
plasma is gengrated in the processing chamber using radiofreguency power
transmitied {0 sither the upper electrode or the lower slectrode. Negative voltage
direct current is then coupled to the upper elecirode. This negative charge in the
upper electrode attracts positively charged ions which strike the upper elecirode
sjecting silicon and electrons. Due to the negative voltage present, the electrons are
accelerated lowards the substraie. These slectrons striking the photoresist layer
cause one oF more polymers within the pholoresist layer o become hardened or
more efch resistant.

[6044] A thin layer of silicon can be simulianeously and conformaily deposited
on the photoresist layer via sputler deposition. This ballistic electrons treatment can
be {abeled as direct current superposition. After the photoresist layer has become
sufficiently etch resistant by exposure to the ballistic electrons, a topographically

patierned photoresist layer can then be direclly transferred into an underlying layer
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via one or more eich processes. Such etch processes can include wet eich
processes (hydrofiuoric acid), or plasma-based dry elch processes using one or
more mixtures of gases that can chemically and/or physically react with an
underlying layer.

[0045] FIGS. 1A-1E show a schemalic cross-section substrate segment of a
photoresist strengthening process using baliistic electrons. In FIG. 1A g pholoresist
laver 110 or film is being exposed to a pattern of radiation {actinic radiation 175),
such as by using a photomask 172, This layer or film is compatible with negative
tone development. Pholoresist iayer 110 is positioned on target layer 107,
Accordingly, developing a latent pattern in this pholoresist layer results in removal of
areas that were not exposed o radiation, as shown in FIG. 1B. Thus, pholoresist
laver 110G becomes relief pattern 111, FIG. 1C shows a substrate being exposed o
ballistic electrons via a plasma processing chamber. Negative polarity direct current
power is coupled 10 an upper elecirode 163 of a plasma processing system. A flux
of electrons 161 is accelerated from the upper elecirode 163 with sufiicient energy to
pass through plasma 165 and strike the substrale such that an exposed surface of
the relief pattern 111 changes in physical propertigs including becoming
unresponsive to solubility shifts. In FIG. 1D an etch operation has been executed
that transferred a patiern defined by the relief patlern 111 inle a target layer 107 or
other underlying layer. The photoresist material can then be completely removed
resulting in a target layer on the substrate having been patterned as shown in FIG.
1D, resulting in a patterned underlying layer in FIG. 1E.

[6048] Another technique for increasing eich resistivity of a topographically
patternad photoresist layer includes an atomic layer deposition process foliowed by
an eich process. FIGS. 2A-2F illusirate this process generally. Note that in the
Figures, FIGS. 2A and 2B are similar to FIGS. 1A and 1B. For example, one or
more material layers are conformally deposited on the patterned pholoresist layer via
atomic layer deposition as shown by film 131 in FIG. 2C. Atomic layer deposition is
a known deposition technique for depositing highly conformal layers, typically one
tayer of atoms or molecules at a ime. With such a conformal layer on the patierned
pholoresist a conventionatl etch process (lypically anisotropic) is exscuted. In areas
where the conformal layer covers only an underlying layer, the sich process siches
through the conformal layer and continues into the underlving layer. in areas where

there is photoresist malerial, the conformal layer interacts with the photoresist
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material and the etch mechanism (e.g. tangling ligand groups) essentially hardens
the pholoresist material and provide elch resistance (FIG. 2D), thereby enabling
pattern transfer (FIG. 2E) resulling in a patterned target layer shown in FIG. 2F.
{00477 Another embodiment herein includes a pattern reversal technique
(FIGS. 3A-3E). This reversal technique can include depositing a conformal
protection layer on the subsirale such that this conformal protection layer covers
exposed surfaces of the topographic pattermned photoresist film as well as exposed
surfaces of an underlying target laver. Note that FIGS. 3A and 3B ars similar to
FIGS. 1A and 1B. An example schematic depiction of this is shown in FIG. 3C. Next,
a chemical-mechanical polishing (CMP) step is executed. This CMP step removes
the topographically patterned photoresist film but leaves the conformal protection
fayer on the target layer as shown in FIG. 3D, Thus, beneficial selections for the
conformal protection layer include materials that provide a good CMP stop layer and
that are elch resistive relative to the underlying layer. By way of a non-limiting
example, silicon nitride can be selected for use in the conformal protection layer. in
this step, an abrasive pad can physically remove upright structures containing both
photoresist and the conformal protection layer, while leaving the conformal protection
faver on surfaces of the underlying substrate. With the photoresist layer essentially
removed, an etch operation can transfer a pattern defined by the conformal
protection layer into the underlying layer (FIG. 3E).

[0048] Another embodiment herein includes a pattem reversal technigue. An
example sequance for this technigue is shown in FIGS. 4A-4F. Note that FiGS. 4A
and 4B are similar (o FIGE. 1A and 1B. Patlern reversal can include depositing a
planarization layer 117 on a substirate such that the planarization layer fills openings
defined by the topographically patterned photoresist film and at isast covers exposed
surfaces of an underlying target laver (FiG. 4C). Nole that completely filling defined
openings is not necessary, though in practice defined openings will usually be filled,
with the photorasist film also being covered. This can be a typical deposition resul
whan using a spin-on deposition technigue for planarization layer material. Spin-on
deposition would iypically fill openings and cover the pholoresist layer. This
planarization layer can be an oxide iayer, for example. The topographically
patternad photoresist film is then removed while leaving the planarization laver (FIG.
4D, Such removal can be executed via an sich process. For example, a given
chemisiry is selecied such as for plasma-based dry etching, and then the subsirale
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is etched a predetermined distance or until the pholoresist layer is uncovered. Upon
uncovering the photoresist laver, this photoresist laver may be immediately elched
away. With the photoresist layer removed, a pattern defined by the planarization
faver is then transferred into an underlying layer via an efch process (FIGS. 4E-4F).
This etch process could be different or identical chemistry {o the elch process used
fo uncover the photoresist layer.

(00491 in another embodiment, a pattern reversal technigue can be used
based on acid diffusion as illustrated in FIGS. 5A-8J. Note that FIGS. 5A and 58 are
similar o FIGS. 1A and 1B. The planarization laver 117 is deposiled on the
substrale such that the planarization layer fills openings defined by the relief pattern
111 and covers the relief pattern 111, In this smbodiment, a material selected as the
planarization layer is a material capable of having a solubility shift. Example malerial
is another photoresist malerial. This photoresist material can have eich resistive
properties. FIG. 8C shows an example result of an overcoat of planarization layer
material. Nexi, an acid 119 can be deposited on the planarization layer as shown in
FiG. 5D. The acld 119 is then diffused into an upper portion of the planarization
faver 117. This upper portion extends from a op surface of the planarization layer to
a top surface of the relief pattern 111, The acid diffusing into the planarization layer
causes the upper portion of the planarization layer (o become soluble to a
predetermined solvent. FIG. 5E shows an upper portion of the planarization layer
having become scluble {0 the predetermined solvent. The upper portion of the
planarization laver is then removed using the predetermined sclvent, with the result
flustrated in FIG. 5F. Note in this illustration that the relief pattern 111 has been
uncovered. The relief pattern 111 is then removed while leaving the planarization
fayver 117 (F1G. 5G). Removal can be accomplished using an eich process. The
topographically patterned photoresist film does not include functional groups that
provide etch rasistance, whereas the planarization layer (which could also be a
photoresist) can be eich resistive. A pattern defined by the planarization layer can
be transferred into the underlying layer via an eich process (FIGS. 5H and 5J).
100507 Another technigue for using a non-resistive photoresist layer is (o
reverse a palterned photoresist using a seif-aligned double pallermning technique. An
axample process sequence in shown in FIGS. 6A-6G. Note thai FIGS. 6A and 6B
are similar {o FIGS. 1A and 1B. Seif-aligned double patterning in general is known.

in this technique a conformat film 144 or semi-conformal film is deposited on the
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refief paitern 111 and covers the relief patlern 111 (FIG. 8C). An anisotropic eich
process is execuled s0 as to remove the conformal film from horizontal surfaces on
the substrate leaving sidewall spacers 145 on sidewalis of the relief patiern 111 (FIG.
8D}, With sidewall spacers 145 formed, the initial patlern has gssentially been
muitiplied in density. If any of the topographically patiernad photoresist remaing afler
ihe etch process, the remainder can be removed using an ashing process or
different etch process (FIG. 6E). The sidewall spacers remain on the target layer
107 can then be used as an eich mask fo transfer a pattern into target layer 147 via
an etch process (FIGS. 6F), and then any remaining sidewall spacer material can be
removed from the substrate (FIG. 6G).

{6051} Compositions and methods of use as disclosed hersin ¢an also help
enable EUV (extreme uitraviclel) photolithography. In some EUV applications,
conventional photoresist malerial does not perform as intended. When exposed (o
EUV radiation, such conventional resist materials are incapable of withstanding this
radiation and either largely or entirely disappear. As a consequences, there is
insufficient pholoresist to be able {0 transfer a pattern and so having eich resistance
within the photoresist film becomes inconsequential has discovered herein, With
compositions as disclosed herein, removing functional groups (omitling inclusion of
functional groups) that promote sich resistance, other functional groups can be
added that can withstand EUV radiation.

(00521 Compositions and methods herein can also be used {0 remove defects
associated with EUV exposure. For examiple, a non-resistive photoresist film can be
exposed using an EUV photomask and then developed using a negative fone
developer. This image can then be reversed using one or more fechniques as
previously described, and then a sscond layer of non-resistive pholoresist film can
be used with a same EUV pholomask. With defects rarely if ever falling in @ same
place twice, by exposing the same EUV reticle again, defects can be eliminated.
[0053] Ancther challenge discovered with conventional photolithography is
that resist films used for both conventional and EUV lithography are practically too
thin to enable proper transfer. A trend with resist formuiations is adding more cage
groups and other funclional groups that promote elch resistance but that resultin
greater line edgs roughness. Additives thatl increase resistivity are not only bulky but

also increase cost. Thus, compositions and methods herein can provide patterned
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resists that are both smoother and more cost-effective than conventional
pholoresisis.

[0054] in the preceding description, specific deiails have been set Torth, such
as a particular geometry of 3 processing sysiem and descriptions of varicus
componenis and processes used therein. 1t should be understond, however, that
fechniques herein may be practiced in other embodiments that depart from these
specific details, and that such details are for purposes of explanation and not
fimitation. Embodiments disclosed herein have besn described with reference to the
accompanying drawings. Similarly, for purposes of explanation, specific numbers,
materials, and configurations have been set forth in order to provide a thorough
understanding. Nevertheless, embodiments may be practiced without such specific
details. Components having substantially the same functional consiructions are
denoted by like reference characters, and thus any redundant descriptions may be
omitted.

[0055] Various technigues have been described as multiple discrete
operations o assist in understanding the various embodiments. The order of
description should not be construed as o imply thal these operations are necessarily
order dependent. Indeed, these operations need not be performed in the order of
presentation. Operations described may be performed in a different order than the
described embodiment. Various additional operations may be performed and/or
described operations may be omitted in additional embodiments.

[6058] ‘Substirate” or “target substrate” as used herein generically refers o an
obiject being processed in accordance with the invention. The substrate may include
any material portion or structurs of a device, particularly a semiconductor or other
slectronics device, and may, for example, be a bass substrate struciure, such as a
semiconductor waler, relicle, or a layer on or overlying a base substrate structure
such as g thin film. Thus, substrate is not limiled to any particular base structure,
underlying laver or overlying layer, pattemed or un-patterned, but rather, is
contemplated o include any such layer or base structure, and any combination of
lavers and/or base structures. The description may reference particular types of
substrates, but this is for illustrative purposes only.

{60571 Those skiiled in the art will also understand that there can be many
variations made to the operations of the techniques explained above while still

achieving the same objectives of the invention. Such variations are intended o be
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covered by the scope of this disclosure. As such, the foregoing descriptions of
embodiments of the invention are not intended to be limiting. Rather, any limilations

to embodiments of the invention are presented in the following claims.
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CLAIMS
1. A photoresist composition comprising:

a positive tone resist polymer component;

a resin component;

an acid generator component that generales adid in response to exposure {0
actinic radiation;

a solvent;

a solubility shifting component that causes regions of the photoresist
compaosition exposed to actinic radiation to become soluble © a positive tone
developer, wherein regions unexposed to actinic radiation remain soluble io a
negative tone developer; and

wherein an amount of functional groups, included in the photoresist
composition that increase etch resistance {0 a wel elch or dry etch process, ranges
from 0.0% to 15% by weight based on a tolal weight of solid content in the
photoresist composition.

2. The composition of claim 1, wherein an amount of funclional groups, included in
the photoresist composition that increase elch resistancs 1o a wet eich or dry eich
process, ranges from 6.0% o 10% by weight based on a total weight of solid content
in the pholoresist composition.

3. The composition of claim 1, wherein an amount of functional groups, included in
the photoresist composition that increase eich resistance 1o a wet eich or dry efch
pracess, ranges from 0.0% to 5% by weight based on a total weight of solid content
in the photoresist composition.

4. The composilion of claim 1, wherein the composiiion is spin castable.

5. The composition of claim 4, wherein the pholoresist composition has an Chnishi
parameter value greater than approximately 3.0.

6. A photoresist composition comprising:

a photoresist polymer component;

a resin component;

an acid generator component that generates acid in response 10 exposure {0
actinic radiation;

a solvent;

a solubility shifting component that causes regions of the photoresist
composition exposed 0 actinic radiation fo become soluble 1o a positive tone

20



WO 2016/007303 PCT/US2015/037588

developer, wherein regions unexposed 1o actinic radiation remain soluble o a
negative tone developer; and

whersin an amount of functional groups, included in the photoresist polymer
component that increase etch resistance o a wet elch or dry elch procsss, ranges
from 0.0% to 15% by weight based on a total weight of the photoresist polymer
component.

7. The photoresist composition of ¢claim 8, whersin an amount of functional groups,
included in the photoresist polymer component that increase elch resistance o a wet
etch or dry elch process, ranges from 0.0% o 10% by weight based on a tolal weight
of the photoresist polymer component.

8. The photorssist composition of claim 6, wherein an amount of functional groups,
included in the pholoresist polymer component that increase elch resistance 1o a wet
elch or dry etch process, ranges from 0.0% o 5% by welight based on a total weight
of the photoresist polymer component.

9. A photoresist composition comprising:

a positive tone resist polymer component;

a resin component;

an acid generator component that generates acid in response to exposure {o
actinic radiation;

a solvent;

a solubility shifting component that causes regions of the positive tone
photoresist composition exposed 1o actinic radiation to become soluble 10 a positive
tone developer, wherein regions unexposed {o aclinic radiation remain soluble to a
negative {one developer, the pholoresist composition having an Ohnishi parameter
value grealer than approximately 3.0.

10. The pholoresist composition of claim 8, wherein the positive tone pholoresist
component comprises a polymer.

11. The pholoresist composition of claim 8, wherein the positive tone pholoresist
compoengnt comprises a resin and a polymer.

12. A patiern forming method, the method comprising:

forming a photoresist film by depositing a photoresist composition on a
substrate, the pholoresist composition including a positive tone photoresist
component that is soluble to an organic solvent, a radiation-sensitive acid generator

ithat generates photo acid in response [0 exposure 1o a pradeterminad wavelength of
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light, and a solubility-shifting component that, in response (o the presence of pholo
acid, causes the positive tone photoresist component to become insoluble 1o an
organic solvent developer;

axposing the photoresist film to lithographic radiation; and

developing the photoresist film using negative tone development such that
unexposed portions of the pholoresist film are dissolved by the organic sobvent
developer resulting in a topographic patterned photoresist film, wherein the
topographic patierned photoresist film has an Ohnishi parameter value greater than
3.0.
13. The method of claim 12, further comprising:

depositing a planarization layer on the substrate such that the planarization
fayer fiils openings defined by the {opographic patlterned photoresist film and covers
exposed surfaces of an underlving layer;

removing the topographic patierned photoregsist film while leaving the
planarization layer; and

fransferring a pattern defined by the planarization layer into the underlying
fayer via an gtch process.
14. The method of claim 13, wherein removing the topographic patierned
photoresist film includes executing an elch process, the planarization layer being
resistant {0 the elch process.
15. The method of claim 13, further comprising:

depositing a planarization layer on the substrate such that the planarization
layer fills openings defined by the topographic patierned photoresist film and covers
the topographic patierned photoresist film;

diffusing an acid into an upper portion of the planarization layer from a top
surface of the planarization laver 10 a top surface of the topographic palterned
photorgsist film, the acid causing the upper portion of the planarization laver o
become soluble 1o a predstermined solvent;

removing the upper portion of the planarization layer using the predetermined
solvent;

removing the topographic patterned pholoresist film while leaving the
planarization layer; and

transferring a pattern defined by the planarization layer into the underlying
fayer via an eich process.
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16. The method of claim 12, further comprising:

depositing a semi-conformal or conformal film on the topographic pattermned
photoresist film that covers the topographic patterned photoresist film;

aexacuting an anisolropic etch process that removes the semi-conformal film
from horizontal surfaces leaving sidewall spacers; and

ransferring a pattern defined by the sidewall spacers into an underlying layer
via an etch process.
17. A pattern forming method, the method comprising:

forming a photorgsist film by depositing a photoresist composition on a target
taver of a substrate, the photoresist compaosition including a positive tone pholoresist
component that is soluble to an organic solvent, a radiation-sensitive acid generator
ithat generates photo acid in response [0 exposure 1o a predeterminad wavelength of
Hight, and a solubility-shifting component that, in response 1o the presence of photo
acid, causes the positive tone photloresist component 10 become insoluble 1o an
organic solvent developer,;

exposing the photoresist film to lithographic radiation; and

developing the photoresist film using negative tone development such that
unexposed portions of the pholoresist film are dissolved by the organic solvent
developer resulling in a topographic patierned photoresist film, wherein the
topographic patierned photoresist film has an elch rgsistance less than the target
laver.
18. The method of claim 17, further comprising:

increasing etch resistivity of the topographic patierned photoresist film after
developing the photoresist film.
19. The method of claim 18, wherein increasing etch resistivity includes exposing
the topographic pattermned photoresist film to a flux of electrons in a plasma chamber
by applying negative voltage direct current to an upper slectrode.
2. The method of claim 18, wherein increasing eich resistivity includes depositing a
conformal protection layer via alomic laver deposition.
21. The method of claim 17, further comprising:

depositing a conformal protection layer on the substrate such that the
conformal protection layer covers exposed surfaces of the {opographic patterned

photoresist film and exposed surfaces of an underlying layern
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execuling a chemical-mechanical polishing step that removes the topographic
patterned photoresist film but that leaves the conformal proteclion layer on the
underlying layer; and

transferring a pattern defined by the conformal protection layer into the
underlying layer via an elch process.
22. A method of patterning a substrate, the method comprising:

depositing a radiation-sensitive material on a subsiratg, the radiation-sensitive
material being soluble {0 negative tone developer, the radiation-sensitive material
having a de-protection group and a photo acid generator;

axposing the radiation-sensitive material 1o a photolithographic patiern of
radiation such that portions of the radiation-sensitive material being exposed 1o the
phaotolithographic patiem of radiation become deprotected and soluble o a positive
fone developer, the unexposed portions of the photolithographic pattern of radiation
remaining soluble to a negative tone developer, and wherein the radiation sensitive
material is substantially free of adamaniyl groups and cage groups that provids sich
resistance o an eiching process; and

developing the radiation-sensitive material using negative tone developer
such that the radiation-sensitive material defines a patterned layer with portions of an

undertying layer being uncovered.
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