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(57) ABSTRACT 

An silicon-containing antireflective coating (SiARC) mate 
rial is applied on a substrate. The SiARC material which 
includes a base polymer and may include a boron silicate 
polymer including Silsesquioxane. An etch sequence is uti 
lized, which includes a first wet etch employing a basic 
Solution, a second wet etch employing an acidic solution, 
and a third wet etch employing another basic solution. The 
first wet etch can be employed to break up the boron silicate 
polymer, and the second wet etch can remove the base 
polymer material, and the third wet etch can remove the 
residual boron silicate polymer and other residual materials. 
The SiARC material can be removed from a substrate 
employing the etch sequence, and the Substrate can be 
reused for monitoring purposes. 
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First wet etch employing a first basic solution 
(e.g., a mix of NMP/propylene glycol?TMAH) 
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Second wet etch employing an acidic solution 
(e.g., dilute HF acid) 

Third wet etch employing a second basic solution 
(e.g., a mix of NMP/propylene glycol?TMAH) 

FIG. 3 
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WET STRIP PROCESS FOR AN 
ANTIREFLECTIVE COATING LAYER 

BACKGROUND 

The present disclosure relates to a method of processing 
a material layer, and particularly to a method of stripping an 
antireflective coating (ARC) layer from a substrate. 

Photolithography is a process used in micro fabrication to 
selectively remove parts of a thin film or the bulk of a 
Substrate. Photolithography uses light to transfera geometric 
pattern from a photo mask to a light-sensitive photoresist, or 
simply “resist,” on the substrate. A series of chemical 
treatments then engrave the exposure pattern into the mate 
rial underneath the photoresist. Typically, for negative tone 
development (NTD) the portion of the resist which has not 
been exposed to light is removed by an organic solvent 
during the development process, the most commonly used 
solvents are 2-heptanone and n-butyl acetate (NBA). 
A strong demand exists for techniques that extend appli 

cation of ArF immersion lithography. Besides techniques 
Such as litho-friendly design, dual exposure/patterning 
schemes, customized illumination, alternative processing 
schemes are also viable candidates. One of the most prom 
ising alternative flows is to use image reversal by means of 
NTD. Traditionally, contact and trench printing use a dark 
field mask in combination with positive tone resist and 
positive tone development (PTD). With NTD, the same 
features are printed in positive resist using bright-field 
masks, and consequently better image contrasts are pro 
vided. 
An integrated process is needed to achieve this image 

contrast, before the final pattern is engraved, an organic 
planarization layer (OPL) is applied on top of the substrate, 
then a silicon-containing antireflective coating (SiARC) 
material designed for NTD application is coated to provide 
etch resistance and reflectivity control, and finally, an pho 
toresist material is applied to provide the initial image 
transfer to the substrate. However, new challenges come 
with the introduction of NTD SiARC, especially the wet 
strip process was used to remove the NTD SiARC from Si 
monitor wafers. Many SiARC materials cannot be removed 
completely during this wet strip process using the common 
process flows used in the manufacture. 

BRIEF SUMMARY 

A silicon-containing antireflective coating (SiARC) mate 
rial is applied on a substrate. The SiARC material which 
includes a base polymer and may include a boron silicate 
polymer including Silsesquioxane. An etch sequence is uti 
lized, which includes a first wet etch employing a basic 
Solution, a second wet etch employing an acidic solution, 
and a third wet etch employing another basic solution. The 
first wet etch can be employed to break up the boron silicate 
polymer, and the second wet etch can remove the base 
polymer material, and the third wet etch can remove the 
residual boron silicate polymer and other residual materials. 
The SiARC material can be removed from a substrate 
employing the etch sequence, and the Substrate can be 
reused for monitoring purposes. 

According to an aspect of the present disclosure, a method 
for removing a silicon-containing antireflective coating 
(SiARC) layer from a substrate is provided. A SiARC layer 
is formed on a substrate. The SiARC layer is treated by a 
first wet etch employing a first basic solution. The SiARC 
layer is then treated by a second wet etch employing an 
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2 
acidic solution. Subsequently, residual portions of the 
SiARC layer is removed by a third wet etch employing a 
second basic Solution. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a vertical cross-sectional view of an exemplary 
structure including a polymer layer on a Substrate according 
to an embodiment of the present disclosure. 

FIG. 2 is a vertical cross-sectional view of the exemplary 
structure after removal of the polymer layer from the sub 
strate according to an embodiment of the present disclosure. 

FIG. 3 is a flow chart illustrating a wet etch process 
sequence according to an embodiment of the present dis 
closure. 

DETAILED DESCRIPTION 

As stated above, the present disclosure relates to a method 
of Stripping an antireflective coating (ARC) layer from a 
substrate, which is now described in detail with accompa 
nying figures. It is noted that like and corresponding ele 
ments are referred to by like reference numerals. The 
drawings are not in Scale. 

Referring to FIG. 1, a polymer layer 90 is formed on a top 
surface of a substrate 10. The substrate 10 can be a semi 
conductor Substrate such as a silicon Substrate, an insulator 
substrate, or a conductor substrate. The top surface of the 
Substrate 10 can be a semiconductor Surface such as a silicon 
Surface, a dielectric Surface Such as a silicon oxide Surface 
or a silicon nitride Surface, or can be a conductive Surface 
such as a surface of a metal layer or a conductive metal 
nitride layer. In one embodiment, the substrate 10 can be a 
bare silicon Substrate having a silicon top surface. 
The polymer layer 90 includes a silicon-containing anti 

reflective coating (SiARC) material. As used herein, an 
antireflective coating material refers to a material that 
reduces reflection of ultraviolet light at a wavelength 
selected from the range of ultraviolet radiation, i.e., the 
wavelength range from 10 nm to 400 nm. The polymer layer 
90 can be a monitor substrate for monitoring the thickness 
of an antireflective coating (ARC) layer to be applied or 
previously applied on a product substrate, i.e., a Substrate 
including patterned structures for manufacturing semicon 
ductor devices thereupon. The thickness of the polymer 
layer 90 can be from 10 nm to 100 nm, although lesser and 
greater thicknesses can also be employed. 
The material composition of the polymer layer 90 can be 

employed as a positive tone development (PTD) silicon 
containing antireflective coating (SiARC) material. It also 
can be used as a negative tone (NTD) SiARC material. In 
other words, the composition of the polymer layer 90 can be 
employed as an ARC layer for a negative tone development 
(NTD), i.e., as an NTD ARC layer. The NTD ARC layer can 
be applied on a product substrate as a bottom ARC (BARC) 
layer over which a negative tone development photoresist 
layer can be applied. 
The SiARC material mainly contains a silicon containing 

base polymer. The silicon-containing base polymer may 
contain one or more monomer units having structures 
selected from (I) to (III) below: 

(I) 

-SiO,- 
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-continued 
(II) 

R 

-SiO,- 
(III) 

R3 

-SiO,- 

where X ranges from approximately 1 to approximately 2, R 
is a chromophore moiety, R is a transparent moiety, and R 
is a reactive site for reaction with a crosslinking component. 
For linear organosiloxane polymers, X would be approxi 
mately 1. For Silsesquioxane polymers, X may be approxi 
mately 1.5. For silsesquioxane polymers containing a SiO, 
component, X may be between approximately 1.5 and 
approximately 2.0. The SiO units in the polymer may be 
obtained by adding tetraalkoxysilane, tetrachlorosilane, or 
tetrabromosilane in the synthesis of the silicon containing 
polymer. In some embodiments, polymers having X greater 
than approximately 1.5 are preferred due to superior etch 
resistance. In some embodiments, multiple functional moi 
eties may be present on the same monomer. 
The chromophore moiety R may contain any Suitable 

chromophore which (i) can be grafted onto the base polymer, 
(ii) has suitable radiation absorption characteristics, and (iii) 
does not adversely affect the performance of the layer or any 
overlying photoresist layers. Example chromophores 
include phenyl, chrysenes, pyrenes, fluoroanthrenes, 
anthrones, benzophenones, thioxanthones, naphthalenes and 
anthracenes. The chromophore moiety preferably does not 
contain nitrogen, except for possibly deactivated amino 
nitrogen Such as in phenol thiazine. For 193 nm radiation, 
any moieties with unsaturated carbon bonds (e.g., carbon 
carbon double bonds) including non-aromatic compounds 
containing unsaturated carbon bonds are also suitable chro 
mophores. For 157 nm radiation, compounds containing 
saturated carbon-carbon bonds can act as chromophores. 
Approximately 3 to approximately 99 mole % of the mono 
mers of the base polymer may consist of the chromophore 
moiety R. The base polymer may include more than one 
type of chromophore moiety R. 

The transparent moiety R may vary depending on the 
wavelength or character of the patterning radiation. For 
example, in the case of 193 nm imaging radiation, the 
transparent moiety R may be bulky (C or higher) organic 
moieties substantially free of unsaturated carbon-carbon 
bonds, preferably an alcohol derived from an epoxy-func 
tionalized silsesquioxane monomer. In the case of 157 mm 
imaging radiation, the transparent moiety R may be fluo 
rine-containing moieties Such as a trifluoromethyl group or 
perfluoroalkyl. The amount of the transparent moiety R2 in 
the base polymer may be balanced with the amount of the 
chromophore moiety R to provide a desired combination of 
energy absorption and anti-reflection. Approximately 0.5 to 
approximately 96.5 mole % of the monomers of the base 
polymer may consist of the transparent moiety R. The base 
polymer may include more than one type of transparent 
moiety R. 

The reactive moiety R provides a site for reaction with a 
crosslinking component. In some embodiments, reactive 
moiety R may be an alcohol, preferably an aromatic alcohol 
(e.g., phenol, hydroxymethylbenzyl) or a cycloaliphatic 
alcohol (e.g. cyclohexanol). Alternatively, a non-cyclic alco 
hol Such as a fluorocarbon alcohol, an aliphatic alcohol, an 
amino group, a vinyl ether, or an epoxide may be used. In 
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4 
one embodiment, the reactive moiety may be a hydroxyl 
group. The reactive hydroxyl moiety can react with itself 
through the known silanol condensation reaction. Approxi 
mately 0.5 to approximately 96.5 mole % of the monomers 
of the base polymer may consist of the reactive moiety R. 
The base polymer may include more than one type of the 
reactive moiety R. 

For applications specifically for NTD, the SiARC mate 
rial may further contain a polymer capable of modifying the 
Surface property of the base polymer including a monomer 
unit having a structure below: 

(IV) 

i 
-SiO,- 

where X ranges from approximately 1 to approximately 2, R. 
consists of an acid labile functionality linked to a hydro 
philic group. Exemplary acid labile functionalities include 
tertiary alkyl carbonates, tertiary alkyl esters, tertiary alkyl 
ethers, acetals and ketals. Exemplary hydrophilic groups 
include phenols, alcohols, carboxylic acids, amides, and 
Sulfonamides. The polymer contains monomer unit IV can 
be added to the base polymer to increase the contact angle 
of the coated SiARC material to a more hydrophobic sur 
face. It will then decrease its contact angle to a more 
hydrophilic surface after acid catalyzed deprotection of the 
acid labile group. 

In some embodiments, the polymer layer 90 includes a 
base polymer material. The base polymer material contains 
a large portion of three dimensional linked SiO, units. The 
weight percentage of silicon in the base polymer layer can 
be in a range from 10% to 45%. The preferred range is above 
30%. The mole percentage of SiO units can be in a range 
from 0% to 97%. The preferred mole percentage of SiO2 
units is above 45%. In some other embodiments, the poly 
mer layer 90 includes a base polymer and a polymer 
containing monomer unit IV. The polymer containing mono 
mer IV is capable of modifying the surface property of the 
base polymer. In the polymer layer 90, the polymer capable 
of modifying the Surface property of the base polymer 
material is mixed with the base polymer material such that 
the ratio of the weight of the polymer capable of modifying 
the surface property of the base polymer material to the 
weight of the base polymer material is in a range from 
O.5:1 OO to 20:1 OO. 

In one embodiment, the polymer layer 90 includes a base 
polymer material and a boron silicate polymer embedded in 
the base polymer material. The base polymer material con 
tains a large portion of three dimensional linked SiO units 
(Q units). The base polymer material is a silicon-based 
polymer material. The weight percentage of silicon in the 
base polymer layer can be in a range from 35% to 45%. In 
one embodiment, the base polymer material can include a 
high-Q polymer material known in the art. An example of a 
high-Q polymer material is disclosed in U.S. Patent Appli 
cation Publication No. 2013/0005150 A1, the contents of 
which are incorporated herein by reference. 
The base polymer material includes a plurality of types of 

monomer units. In one embodiment, the plurality of types of 
monomer units can include monomer units of a first type, 
monomer units of a second type, and monomer units of a 
third type. In one embodiment, the base polymer material 
can consist of monomer units of the first, second, and third 
types. 
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The monomer units of the first type for the base polymer 
material can have a chemical composition of 
—SiO -. 
The monomer units of the first type make the polymer layer 
90 to be susceptible to a wet etch based on hydrofluoric acid. 
The monomer units of the second type for the base 

polymer material can have a chemical composition of: 

CH3 

-SiO3-. 

The monomer units of the second type provide transparency 
at 193 nm to tune the absorption property of the polymer. 
The monomer units of the second type also provides adhe 
sion to the undercoat organic planarization layer and/or the 
overcoat photoresist. 
The monomer units of the third type for the base polymer 

material can have a chemical composition of 

-SiO5-. 

The monomer units of the third type provide absorption of 
193 nm ultraviolet light in the polymer layer 90 so that the 
polymer layer can be used as an ARC material. 
The monomer units of the first type can collectively have 

a mole percentage greater than 70% of the base polymer 
material. In one embodiment, the monomer units of the first 
type can collectively have a mole percentage in a range from 
75% to 95% of the base polymer material. 

In another embodiment, the monomer units of the first 
type can have a mole percentage in a range from 80% to 94% 
of the base polymer material. 
The monomer units of the second type can collectively 

have a mole percentage in a range from 0.1% to 15% of the 
base polymer material. In one embodiment, the monomer 
units of the second type can have a mole percentage in a 
range from 0.2% to 10% of the total weight of the base 
polymer material. 
The monomer units of the third type can collectively have 

a mole percentage in a range from 1% to 15% of the base 
polymer material. In one embodiment, the monomer units of 
the third type can have a mole percentage in a range from 2% 
to 12% of the base polymer material. 

The boron silicate polymer material contains an acid 
labile group that causes the SiARC material of the polymer 
layer 90 to change water contact angle after lithographic 
exposure. As used herein, a boron silicate polymer material 
is a polymer material that includes silicates and boron. The 
ratio of the number of silicon atoms to the number of boron 
atoms in the boron silicate polymer material can be in a 
range from 1:2 to 2:1, although lesser and greater ratios can 
also be employed. An example of a boron silicate polymer 
is disclosed in U.S. Patent Application Publication No. 
2013/OOO515O A1. 
The boron silicate polymer material includes monomer 

units of a plurality of types. The boron silicate polymer is a 
polymeric Surfactant. In one embodiment, the monomer 
units of the plurality of types can include monomers of a first 
type, monomers of a second type, and monomers of a third 
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6 
type. The monomer units of the first type can include a boron 
atom. The monomer units of the second type and the 
monomer unit of the third type can include a silicon atom. 
In one embodiment, the boron silicate polymer material can 
consist of the monomer units of the first, second, and third 
types. 
The monomer units of the first type for the boron silicate 

polymer material can have a chemical composition of: 
—BOs -. 
The monomer units of the second type for the boron 

silicate polymer material can have a chemical composition 
of: 

CH3 

"set 
O 

-SiO3-. 

The monomer units of the third type for the boron silicate 
polymer material can have a chemical composition of: 

CH3 

-SiO3-. 

The monomer units of the first type can collectively have 
a mole percentage greater than 35% of the boron silicate 
polymer material. In one embodiment, the monomer units of 
the first type can collectively have a mole percentage in a 
range from 40% to 70% of the boron silicate polymer 
material. In another embodiment, the monomer units of the 
first type can have a mole percentage in a range from 45% 
to 60% of the boron silicate polymer material. In one 
embodiment, the monomer units of the first type can col 
lectively have a mole percentage not less than 50% of the 
boron silicate polymer material. 
The monomer units of the second type can collectively 

have a mole percentage in a range from 12.5% to 35% of the 
boron silicate polymer material. In one embodiment, the 
monomer units of the second type can have a mole percent 
age in a range from 20% to 30% of the boron silicate 
polymer material. 
The monomer units of the third type can collectively have 

a mole percentage in a range from 12.5% to 35% of the 
boron silicate polymer material. In one embodiment, the 
monomer units of the third type can have a mole percentage 
in a range from 20% to 30% of the boron silicate polymer 
material. 

In the polymer layer 90, the boron silicate polymer 
material is mixed with the base polymer material such that 
the ratio of the weight of the boron silicate polymer material 
to the weight of the base polymer material is in a range from 
0.5:100 to 20:100. In one embodiment, the ratio of the 
weight of the boron silicate polymer material to the weight 
of the base polymer material is in a range from 1:100 to 
10:100. In another embodiment, the ratio of the weight of the 
boron silicate polymer material to the weight of the base 
polymer material is in a range from 2:100 to 5:100. The 
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polymer layer 90 can be applied to the top surface of the 
Substrate 10, for example, by spin coating. 
The boron silicate polymer material contains acid labile 

group having tendency to form insoluble material during the 
conventional stripping process. The base polymer material 
forms a silicon-based polymeric matrix in which the boron 
silicate polymer material is embedded. Due to strong 
molecular interaction, it is difficult to break up the boron 
silicate polymer material during the wet etch process known 
in the art. This property causes defects to be left on a 
substrate upon attempts to remove the NTD SiARC material 
from the Substrate when conventional etch processes are 
employed. 

The inability to remove the NTD SiARC material without 
generating defects adversely impacts productivity of a semi 
conductor manufacturing facility because the Substrates can 
not be reused to monitor performance of tools employed to 
monitor application of the NTD SiARC material. 

Referring to FIG. 2, the polymer layer 90 can be removed 
from above the top surface of the substrate 10 by a wet etch 
sequence without leaving residues or defect materials on the 
surface of the substrate 10 according to an embodiment of 
the present disclosure. The wet etch sequence of the present 
disclosure is a three-step wet etch sequence, which is 
illustrated in FIG. 3. 
The wet etch sequence includes a first step 100 of a first 

wet etch employing a basic Solution, a second step 200 of a 
second wet etch employing an acidic solution, and a third 
step 300 of a third wet etch employing the basic solution. 
The first wet etch can dissolve base soluble components of 
the polymer including silicon polymer with remaining 
hydroxyl group or the slow break down of the O Si O or 
Si R linkages with base catalyzed hydrolysis. The R group 
here represents organic moiety. The first etch can also 
dissolve any organic components which are soluble in base. 
The second wet etch can remove the main — SiO, com 
ponent due to the known dissolution of Si materials in 
hydrofluoric acid solutions. The third wet etch can then 
remove any residual organic and inorganic components. 
This inventive process can be applied to most of the SiARC 
materials known in the art including PTD SiARCs and 
NTD SiARC’s. It is specially useful for NTD SiARC which 
the conventional rework process cannot fully remove the 
SiARC materials and leaves a lot of defects on the wafer. 

In one embodiment, this inventive process was success 
fully used to remove the SiARC materials having a base 
polymer containing one or more monomer units having 
structures selected from (I) to (III). In the other embodiment, 
this inventive process was successfully used to remove the 
NTD SiARC materials having a base polymer and a polymer 
capable of modifying the surface property of the base 
polymer including a monomer unit having a structure of IV. 
In another embodiment, this inventive process was success 
fully used to remove the NTD SiARC materials having a 
base polymer and a boron silicate polymer. 

The first wet etch can be employed to break up the boron 
silicate polymer, and the second wet etch can remove the 
base polymer material, and the third wet etch can remove the 
residual boron silicate polymer and other residual materials. 
The SiARC material of the polymer layer 90, which contains 
the boron silicate polymer, can be removed from the sub 
strate employing the etch sequence, and the Substrate 10 can 
be reused for monitoring purposes. 

Referring to the first step 100, the embedded boron 
silicate polymer material in the polymer layer 90 is removed 
selectively to the base polymer material in the polymer layer 
90 by the first wet etch that employs the first basic solution. 
During the first wet etch, the first basic solution of the first 
wet etch hydrolyzes and dissolves most of the boron silicate 
polymer material. In one embodiment, the embedded boron 
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8 
silicate polymer material may be removed selectively to the 
base polymer material by the first wet etch, i.e., without 
removing the base polymer material in the silicon-based 
polymeric matrix. 
The duration of the first wet etch depends on the thickness 

of the polymer layer 90. For a thickness of 50 nm for the 
polymer layer 90, the duration of the first wet etch can be in 
a range from 2 minutes to 30 minutes, although lesser and 
greater durations can also be employed. 
The basic solution used in the first wet etch may contain 

amines or quaternary ammonium hydroxides. Aqueous 
ammonium hydroxides are preferred. Examples of quater 
nary ammonium hydroxides which can be used in accor 
dance with the process of the present invention include 
tetramethylammonium hydroxide (TMAH), tetraethylam 
monium hydroxide, tetrapropylammonium hydroxide, trim 
ethylhydroxyethylammonium hydroxide, dimethyldihy 
droxyethylammonium hydroxide, 
methyltrihydroxyethylammonium hydroxide, phenyltrim 
ethylammonium hydroxide, phenyltriethylammonium 
hydroxide, benzyltri-methylammonium hydroxide, etc. In 
one embodiment, 0.263NTMAHaqueous solution was used 
as the first wet etch solution. Organic solvents are useful in 
dissolving and wetting the organic components of the 
SiARC materials, therefore can be added in with quaternary 
ammonium hydroxide to form the first wet etch solution. 

In one embodiment, the first basic solution includes at 
least N-methyl-2-pyrrolidone, propylene glycol, and tetram 
ethylammonium hydroxide. The weight percentage of 
N-methyl-2-pyrrolidone can be in a range from 50% to 90%. 
In one embodiment, the weight percentage of N-methyl-2- 
pyrrolidone can be in a range from 67% to 77%. The weight 
percentage of propylene glycol can be in a range from 10% 
to 40%. In one embodiment, the weight percentage of 
propylene glycol can be in a range from 21% to 31%. The 
weight percentage of tetramethylammonium hydroxide can 
be in a range from 1% to 5%. In one embodiment, the weight 
percentage of tetramethylammonium hydroxide can be in a 
range from 1.2% to 2.7%. Optionally, the first basic solution 
can include water. If water is present in the first basic 
Solution, the weight percentage of water can be in a range 
from 0.1% to 2%. 

Referring to the second step 200, the base polymer 
material of the silicon-based polymeric matrix in the poly 
mer layer 90 is removed by the second wet etch that employs 
the acidic solution. An acid that can effectively dissolve the 
monomer units of the first type, i.e., SiO(OH) can be 
selected for the acidic solution. The second wet etch is not 
effective in removing the boron silicate polymer material. In 
one embodiment, more than 90% of the material of the base 
polymer material is removed by the second wet etch. In 
another embodiment, more than 99% of the material of the 
base polymer material is removed by the second wet etch. 

During the second wet etch, the acidic Solution can easily 
penetrates into the bulk of the SiARC material because of 
microcavities formed by removal of the boron silicate poly 
mer. The acidic solution dissolves the base polymer mate 
rial. The duration of the second wet etch depends on the 
thickness of the polymer layer 90. For a thickness of 50 nm 
for the polymer layer 90, the duration of the second wet etch 
can be in a range from 2 minutes to 20 minutes, although 
lesser and greater durations can also be employed. 

In one embodiment, the acidic solution includes diluted 
hydrofluoric acid. In one embodiment, the diluted hydroflu 
oric acid includes hydrofluoric acid at a weight percentage 
in a range from 0.1% to 2.0%. In another embodiment, the 
diluted hydrofluoric acid includes hydrofluoric acid at a 
weight percentage in a range from 0.2% to 1.0%. In yet 
another embodiment, the acidic solution can consist essen 
tially of the diluted hydrofluoric acid. 
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Referring to the third step 300, residual portions of the 
boron silicate polymer material and the base polymer mate 
rial are removed by a third wet etch employing a second 
basic solution. 

The second basic solution treatment removes any remain 
ing boron silicate polymer and any residual base polymer. 
The duration of the third wet etch depends on the thickness 
of the polymer layer 90. For a thickness of 50 nm for the 
polymer layer 90, the duration of the third wet etch can be 
in a range from 2 minutes to 30 minutes, although lesser and 
greater durations can also be employed. 

In one embodiment, the second basic Solution includes at 
least N-methyl-2-pyrrolidone, propylene glycol, and tetram 
ethylammonium hydroxide. The weight percentage of 
N-methyl-2-pyrrolidone can be in a range from 50% to 90%. 
In one embodiment, the weight percentage of N-methyl-2- 
pyrrolidone can be in a range from 67% to 77%. The weight 
percentage of propylene glycol can be in a range from 10% 
to 40%. In one embodiment, the weight percentage of 
propylene glycol can be in a range from 21% to 31%. The 
weight percentage of tetramethylammonium hydroxide can 
be in a range from 1% to 5%. In one embodiment, the weight 
percentage of tetramethylammonium hydroxide can be in a 
range from 1.2% to 2.7%. Optionally, the second basic 
Solution can include water. If water is present in the second 
basic solution, the weight percentage of water can be in a 
range from 0.1% to 2%. In one embodiment, the second 
basic solution can have any composition that can be 
employed for the first basic solution. The composition of the 
second basic solution can be the same as, or can be different 
from, the composition of the first basic solution. 
The wet etch process sequence can completely eliminate 

the SiARC material layer from the substrate 10. The wet etch 
process sequence has been demonstrated to provide Superior 
results compared to other wet etch process sequences. A 
comparative exemplary wet etch sequence, which includes a 
first wet etch employing a combination of a Sulfuric acid and 
hydrofluoric acid, a second wet etch employing a combina 
tion of deionized water, hydrogen peroxide, and ammonium 
hydroxide, and a third wet etch employing dilute hydroflu 
oric acid, was shown to be insufficient to remove a SiARC 
material layer completely without residual polymers. 

While the disclosure has been described in terms of 
specific embodiments, it is evident in view of the foregoing 
description that numerous alternatives, modifications and 
variations will be apparent to those skilled in the art. Each 
of the various embodiments of the present disclosure can be 
implemented alone, or in combination with any other 
embodiments of the present disclosure unless expressly 
disclosed otherwise or otherwise impossible as would be 
known to one of ordinary skill in the art. Accordingly, the 
disclosure is intended to encompass all such alternatives, 
modifications and variations which fall within the scope and 
spirit of the disclosure and the following claims. 

What is claimed is: 
1. A method for removing a silicon-containing antireflec 

tive coating (SiARC) layer from a substrate, said method 
comprising: 

forming a SiARC layer comprising a silicon-containing 
base polymer and a boron silicate polymer capable of 
modifying a surface property of said base polymer on 
a Substrate; 

treating said SiARC layer by a first wet etch employing a 
first basic solution that removes said boron silicate 
polymer; 
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10 
treating said SiARC layer by a second wet etch employing 

an acidic solution that removes said silicon-containing 
base polymer, and 

removing residual portions of said SiARC layer by a third 
wet etch employing a second basic solution. 

2. The method of claim 1, wherein said first basic solution 
comprises quaternary ammonium hydroxide. 

3. The method of claim 2, wherein said first basic solution 
includes: 

N-methyl-2-pyrrolidone; 
propylene glycol at a weight percentage in a range from 
10% to 40%; and 

tetramethylammonium hydroxide at a weight percentage 
in a range from 1% to 5%. 

4. The method of claim 3, wherein said first basic solution 
further includes water at a weight percentage in a range from 
O.1% to 2%. 

5. The method of claim 1, wherein said acidic solution 
includes diluted hydrofluoric acid. 

6. The method of claim 5, wherein said diluted hydroflu 
oric acid includes hydrofluoric acid at a weight percentage 
in a range from 0.1% to 2.0%. 

7. The method of claim 5, wherein said acidic solution 
consists essentially of said diluted hydrofluoric acid. 

8. The method of claim 2, wherein said first basic solution 
comprises an aqueous tetramethylammonium hydroxide 
Solution. 

9. The method of claim 8, wherein said aqueous tetram 
ethylammonium hydroxide solution is 0.263N tetramethyl 
ammonium hydroxide solution. 

10. The method of claim 1, wherein said silicon-contain 
ing base polymer comprises one or more monomer units 
selected from the group consisting of: 

-SiO,- -SiO,- - -SiO,- 

wherein X ranges from approximately 1 to approximately 
2. R is a chromophore moiety, R is a transparent 
moiety that is transparent to a wavelength of a pattern 
ing radiation selected from the group consisting of 193 
nm and 157 nm, and R is a reactive site for reaction 
with a crosslinking component. 

11. The method of claim 10, wherein said chromophore 
moiety contains unsaturated carbon-carbon bonds. 

12. The method of claim 10, wherein said reactive site is 
selected from the group consisting of hydroxyl groups, 
amino groups, imino groups, carboxylic acids, vinyl ethers, 
epoxides and mixtures thereof. 

13. The method of claim 10, wherein said boron silicate 
polymer comprises at least one monomer unit of: 

R4 

-SiO,- 

where X ranges from approximately 1 to approximately 2, 
R consists of an acid labile functionality linked to a 
hydrophilic group. 

14. The method of claim 13, wherein said acid labile 
functionality is selected from the group consisting of tertiary 
alkyl carbonates, tertiary alkyl esters, tertiary alkyl ethers, 
acetals and ketals. 
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15. The method of claim 13, wherein said hydrophilic side 
group is selected from the group consisting of phenols, 
alcohols, carboxylic acids, amides, and Sulfonamides. 

16. The method of claim 13, wherein a weight ratio of said 
polymer capable of modifying Surface property of said base 
polymer to said base polymer is in a range from 0.5:100 to 
20:10O. 

17. The method of claim 13, wherein said boron silicate 
polymer further comprising at least one monomer unit of 
—BO, -—. 
18. The method of claim 10, wherein said silicon-con 

taining base polymer comprises monomer units including: 
monomer units of a first type having a chemical compo 

sition of —SiO , 
monomer units of a second type having a chemical 

composition of 

CH3 

-SiO3-, 

and 
monomer units of a third type having a chemical com 

position of 

-SiO3-. 
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19. The method of claim 17, wherein said boron silicate 

polymer includes: 
monomer units of a first type having a chemical compo 

sition of —BOs , 
monomer units of a second type having a chemical 

composition of 

CH3 
HC CH 

-SiOs 

and 

monomer units of a third type having a chemical com 
position of 

CH3 

-SiO3-. 

20. The method of claim 19, wherein said monomer units 
of said first type has a mole percentage greater than 40% of 
said boron silicate polymer. 

k k k k k 


