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[Specification] 

[Title of Invention]  ETCHANT COMPOSITION AND METHOD FOR ETCHING 

[Technical Field] 

[0001] 

The present invention relates to an etchant composition for 

batch etching treatment of tungsten film and titanium nitride film, 

and a method for etching using said etchant composition. 

[Background Art] 

[0002] 

Tungsten and titanium nitride are both widely used for 

electric devices such as a semiconductor element.  They are 

deposited as a film having film properties that are appropriate for 

a desired electric device, processed into a predetermined pattern, 

and used.  As a method for processing tungsten film or titanium 

nitride film in a predetermined pattern, processing by etching has 

widely been adopted. 

[0003] 

As an electric device using tungsten and titanium nitride, a 

semiconductor memory such as a nonvolatile memory has been known.  

Recently, such electric devices has remarkably advanced in high-

speed processing and capacity enlargement, which in turn has 

resulted in a greater refinement and complication of the intended 

pattern shape.  Consequently, there also is a growing requirement 

for techniques and etchants which is used for processing of a 

pattern. 

Particularly, when capacity enlargement of a memory is 

proceeded by adopting a three-dimensional structure, such as the 

recently published 3D NAND technique, an etchant that is capable of 

an accurate manufacture of desired three-dimensional structure is 

required. 

[0004] 

Patent References 1 and 2 disclose methods of processing a 

tungsten film using an etchant comprising hydrogen peroxide or 

ortho periodic acid. 

[0005] 
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Patent References 3 and 4 disclose methods of processing a 

titanium nitride film using an etchant comprising hydrogen peroxide. 

[0006] 

However, in the above references, no investigation has been 

made for an etchant composition for batch etching treatment of a 

tungsten film and a titanium nitride film.  Moreover, when a 

complicated shape such as a three-dimensional structure is to be 

formed by a batch etching treatment of a tungsten film and a 

titanium nitride film, it is necessary to control the etching rate 

of both of the tungsten film and the titanium nitride film.  

However, no investigation has been made for such controlling. 

[Prior Art References] 

[Patent References] 

[0007] 

[Patent Reference 1] JP A 2004-31791 

[Patent Reference 2] JP A 2005-166924 

[Patent Reference 3] JP A 2010-10273 

[Patent Reference 4] JP A 2015-30809 

[Summary of the Invention] 

[Problems to be Solved by the Invention] 

[0008] 

In view of the conventional problems, an object of the 

present invention is to provide an etchant composition that is 

capable of batch etching treatment of tungsten film and titanium 

nitride film and a method for etching using said etchant 

composition.  Furthermore, another object of the present invention 

is to provide the etchant composition that is capable of batch 

etching treatment of tungsten film and titanium nitride film and 

the method for etching using said etchant composition, while 

controlling the value of the quotient obtained by dividing the 

etching rate for the tungsten film by the etching rate for the 

titanium nitride film (hereinbelow, also referred to as "selection 

ratio"). 

[Means to Solve the Problems] 

[0009] 
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In the course of our investigation to address the above 

objects, we faced problems including that conventional etchant 

compositions could not accurately form the desired pattern shape 

because their etching rate is very fast and the selection ratio is 

greatly departing from 1.  We made a diligent investigation in 

order to solve such problems and found that an etchant composition 

comprising nitric acid and water is capable of batch etching of a 

tungsten film and a titanium nitride film in a favorable shape with 

good accuracy.  We proceeded further study and finally completed 

the invention. 

[0010] 

Namely, the present invention relates to the followings: 

[1] Etchant composition for batch etching treatment of tungsten 

film and titanium nitride film comprising nitric acid and water. 

[2] The etchant composition according to [1] further comprising 

at least one selected from the group consisting of sulfuric acid 

and aliphatic sulfonic acid. 

[3] The etchant composition according to [2], wherein the 

aliphatic sulfonic acid is methanesulfonic acid. 

[4] The etchant composition according to any one of [1] to [3] 

further comprising phosphoric acid . 

[5] Method for batch etching of tungsten film and titanium 

nitride film using the etchant composition according to any one of 

[1] to [4]. 

[6] The method according to [5], wherein the temperature of the 

etching composition at which the etching is performed is 50 °C or 

higher. 

[7] The method according to [5] or [6] for generating a pattern 

having a three-dimensional structure. 

[Effects of the Invention] 

[0011] 

According to the present invention, an etchant composition 

that is capable of batch etching treatment of tungsten film and 

titanium nitride film and a method for etching using said etchant 

composition can be provided. 

[0012] 
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Specifically, by including at least one selected from the 

group consisting of sulfuric acid and aliphatic sulfonic acid in 

the etchant composition of the present invention, it becomes 

possible to control the selection ratio at approximately 1, which 

makes the aforementioned effect remarkable. 

[Brief Description of Drawings] 

[0013] 

[Fig. 1] Fig. 1 is a graph showing the etching rate of the 

etchant composition (E.R.) of Working Examples 1 to 4 and 

Comparative Examples 1 to 3. 

[Fig. 2] Fig. 2 is a graph showing the selection ratio of the 

etchant composition of Working Examples 1 to 4 and Comparative 

Examples 1 to 3. 

[Fig. 3] Fig. 3 is a graph showing the change in the etching 

amount of the etchant composition of Working Example 4 over time. 

[Modes for Practicing the Invention] 

[0014] 

Hereinbelow, the present invention is illustrated in detail 

based on suitable embodiments of the present invention. 

The etchant composition of the present invention is used for 

batch etching treatment of tungsten film and titanium nitride film. 

[0015] 

The etchant composition of the present invention comprises 

nitric acid and water.  This enables a reduction in etching rates 

for tungsten film and titanium nitride film to appropriate level, 

which in turn enables providing an etchant composition for batch 

etching treatment of tungsten film and titanium nitride film which 

has never been investigated so far. 

[0016] 

In the etchant composition of the present invention, water is 

used as a solvent. 

The content of water in the etchant composition is, though 

not being particularly limited, preferably between 2.0 and 80.0 wt%, 

more preferably between 5.0 and 70.0 wt%. 

Specifically, when etching treatment is carried out under a 

temperature-rising condition, the content of water is made to be 
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preferably between 8.0 and 65.0 wt% in order to suppress a change 

in the constitution of the etchant composition due to water 

evaporation.  It is preferred to suppress the change in the 

constitution of the etchant composition because it reduces a risk 

of a change in the selection ratio during etching treatment due to 

constitution change even when the etching treatment under the 

temperature-rising condition requires a prolonged time.  Moreover, 

it enables a repeated use of the etchant composition because the 

change in the selection ratio before and after the etching 

treatment is small.  This is preferred from the perspective of 

reduction of the cost and environmental burden resulting from waste 

liquid processing of the etchant. 

[0017] 

The etchant composition of the present invention preferably 

comprises at least one selected from the group consisting of 

sulfuric acid and aliphatic sulfonic acid. 

When the etchant composition consists of nitric acid and 

water, it is difficult to decrease the water content in the etchant 

composition.  However, the water content can further be decreased 

by adding at least one selected from the group consisting of 

sulfuric acid and aliphatic sulfonic acid. 

This is preferred because it enables controlling of the 

constitution of the etchant composition in a wider range, and 

because it enables decreasing the water content in a case where it 

is desired to suppress a change in the constitution of the etchant 

composition due to water evaporation. 

As mentioned later, the content of a constituent of the 

etchant composition of the present invention is not particularly 

limited because it is adjusted as appropriate by the intended 

selection ratio and the film properties of the tungsten film and 

the titanium nitride film, though the content of at least one 

selected from the group consisting of sulfuric acid and aliphatic 

sulfonic acid is preferably between 5.0 and 95.0 wt%, more 

preferably between 8.0 and 40.0 wt%. 

[0018] 

Examples for the aliphatic sulfonic acid include an aliphatic 

sulfonic acid having 1 to 10 carbon atoms.  More specific examples 

include such as methanesulfonic acid, ethanesulfonic acid and 1-
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propanesulfonic acid.  As an aliphatic sulfonic acid used in the 

etchant composition of the present invention, methanesulfonic acid 

is preferred. 

[0019] 

The etchant composition of the present invention preferably 

comprises phosphoric acid.  It is preferred to include phosphoric 

acid in the etchant composition, because it enables adjusting of 

the constitution of the etchant composition in wider range. 

As mentioned later, the content of a constituent of the 

etchant composition of the present invention is not particularly 

limited because it is adjusted as appropriate by the intended 

selection ratio and the film properties of the tungsten film and 

the titanium nitride film, though the content of phosphoric acid is 

preferably between 0.1 and 90.0 wt%, more preferably between 0.5 

and 80.0 wt%. 

[0020] 

The etchant composition of the present invention may comprise 

any ingredient in addition to the above-mentioned ingredients, as 

long as it does not hinder the batch etching treatment of tungsten 

film and titanium nitride film.  Optional ingredients which may be 

used in the present invention include such as, for example, a 

surfactant. 

[0021] 

Nevertheless, in a case where the formation of an accurate 

pattern such as a pattern having a three-dimensional structure is 

required, it is preferred not to include hydrogen peroxide and 

ortho periodic acid, as well as a fluorine-containing compound such 

as hydrofluoric acid which would cause an undue increase in etching 

rate. 

Moreover, when it is required to suppress the change in 

constitution of the etchant composition under a temperature-rising 

condition, it is preferred not to include a highly volatile 

ingredient even if the ingredient is generally contained in an 

etchant.  Specific examples for such highly volatile ingredient 

include carboxylic acids such as a formic acid and acetic acid and 

the salts thereof, as well as polyfunctional carboxylic acids such 

as citric acid and tartaric acid and the salts thereof. 

[0022] 
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As mentioned above, the etchant composition of the present 

invention is used for batch etching treatment of tungsten film and 

titanium nitride film.  In another embodiment, the etchant 

composition of the present invention is used for forming a pattern 

having a three-dimensional structure by batch etching treatment of 

tungsten film and titanium nitride film. 

[0023] 

Namely, the etchant composition of the present invention may 

be used for batch etching of a laminate body comprising at least 

one layer of tungsten film and at least one layer of titanium 

nitride film.  Furthermore, controlling of the selection ratio to 

approximately 1 enables batch etching of tungsten film and titanium 

nitride film in a refined shape, for examples, in a pattern having 

a three-dimensional structure.  In order to form a refined 

structure, the selection ratio is preferably between 0.70 and 1.30, 

more preferably between 0.80 and 1.20. 

[0024] 

The selection ratio of the etchant composition of the present 

invention may be adjusted as appropriate by altering the 

constituents of the composition.  For instance, the selection ratio 

tends to be decreased a little by increasing the content of nitric 

acid in the etchant composition, whereas the selection ratio tends 

to be increased by increasing water content.  On the other hand, 

the selection ratio tends to be decreased by increasing the content 

of either of sulfuric acid, aliphatic sulfonic acid or phosphoric 

acid.  Because the selection ratio also depends on the film 

properties of the tungsten film and the titanium nitride film, the 

desired selection ratio can be obtained by adjusting the 

constituents of the composition as appropriate according to the 

film properties of the film to be subjected to the etching. 

[0025] 

As mentioned above, the content of a constituent of the 

etchant composition of the present invention is not particularly 

limited because it is adjusted as appropriate by the intended 

selection ratio and the film properties of the tungsten film and 

the titanium nitride film, though the content of nitric acid is 

preferably between 0.01 and 10.0 wt%, further preferably between 

0.1 and 5.0 wt%. 
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[0026] 

The etching rate (nm/min) of the etchant composition in the 

present specification is defined as the etching amount (nm) of a 

film per treatment time (min).  The etching amount of a film can be 

calculated as the difference between the thickness of the film to 

be subjected to the etching measured before and after the etching 

treatment. 

[0027] 

The etching rate of the etchant composition of the present 

invention is not particularly limited, though it is preferably in a 

range between 0.1 and 20.0 nm/min, more preferably in a range 

between 0.1 and 4.0 nm/min, and further preferably in a range 

between 0.1 and 2.0 nm/min, for each of the tungsten film and the 

titanium nitride film.  An etchant composition having an 

appropriately low etching rate as described above is suitable for 

the etching for manufacture of an accurate structure such as a 

pattern having a three-dimensional structure. 

[0028] 

The etching rate for the tungsten film and the etching rate 

for the titanium nitride film may be modulated corresponding to the 

thickness or film properties of the tungsten film and the titanium 

nitride film.  For instance, they may be modulated by adjusting as 

appropriate at least one of the constitution of the etchant 

composition of the present invention and the temperature at which 

the etching is carried out. 

[0029] 

The tungsten film and the titanium nitride film to be 

subjected to batch etching by the etchant composition of the 

present invention may be in a form of a substrate comprising the 

tungsten film and the titanium nitride film each being deposited as 

a film onto a base material. 

Constituents for such base material include such as silicon, 

glass, quartz, polyethylene terephthalate, and polyether sulfone.  

Moreover, the tungsten film and the titanium nitride film may be 

formed onto a silicon oxide film (SiO2) which has been formed onto 

said base material. 

[0030] 
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Moreover, the present invention, in one embodiment, relates 

to a method for batch etching of tungsten film and titanium nitride 

film using the aforementioned etchant composition. 

[0031] 

The method for etching of the present invention is preferably 

performed to a substrate comprising a tungsten film and a titanium 

nitride film.  Such substrates comprising a tungsten film and a 

titanium nitride film include, though being not particularly 

limited, for example, an embodiment in which at least one layer of 

titanium nitride film and at least one layer of tungsten film have 

been laminated onto the aforementioned base material.  Preferably, 

it is a substrate in which a titanium nitride film and a tungsten 

film have been laminated in this order onto a base material. 

[0032] 

Etching can be performed by bringing the aforementioned 

etchant composition into contact with the tungsten film and the 

titanium nitride film of said substrate by a known method, for 

example. 

[0033] 

The temperature of the etching composition at which etching 

is performed is, though not particularly limited, preferably 50 °C 

or higher. 

[0034] 

On the other hand, when the temperature of the etchant 

composition at which etching is performed is below 50 °C, a 

practical etching rate may not be obtained. 

[0035] 

In one embodiment of the present invention, the etchant 

composition and method for etching of the present invention relate 

to an etchant composition and method for etching an electrode in 

manufacture of various electronic devices, specifically a 

semiconductor memory such as a nonvolatile memory including an 

NAND-type flash memory.  In one further embodiment of the present 

invention, the etchant composition and method for etching of the 

present invention relate to an etchant composition and method for 

etching for generating a pattern having a three-dimensional 

structure, by which it becomes possible to obtain an advanced 

device such as a large capacity memory.  
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[0036] 

The present invention have been illustrated in detail based 

on its suitable embodiments as above, though the present invention 

is not limited thereto and each constitution may be substituted 

with any substituent which is capable of exhibiting a similar 

function, or any constituent may also be added. 

[Working Examples] 

[0037] 

The present invention will be presented with the following 

Working Examples and Comparative Examples to further illustrate the 

content of the invention, though the present invention is not 

limited to these Working Examples. 

[0038] 

Experiments were carried out using the etchant compositions 

of the present invention and the etchant composition for comparison 

according to the following methods. 

[0039] 

A silicon substrate on which a tungsten film is deposited 

with 98.8 nm film thickness, and another silicon substrate on which 

a titanium nitride film is deposited with 81.2 nm film thickness 

were prepared separately.  Each etchant composition was kept at the 

temperature described in Tables 1 and 2, and each of the prepared 

substrates was subjected to etching treatment for 30 or 60 min 

under no-stirring and immersion condition.  The etched substrates 

were washed with ultrapure water and dried by nitrogen blowing. 

[0040] 

For each of the tungsten film and the titanium nitride film 

before and after the etching treatment, the film thickness was 

measured using fluorescent X-ray device (Rigaku Corporation, 

ZSX100e).  Then, for each of the tungsten film and the titanium 

nitride film, the etching amount was calculated from the difference 

in the film thickness between before and after the etching 

treatment. 

[0041] 

Tables 1 and 2 show the constitution of the etchant 

compositions used in each of the Working Examples and the 

Comparative Examples, as well as the results of the etching of the 
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tungsten film and the titanium nitride film.  The etching rates 

(E.R.) for the tungsten film and the titanium nitride film are each 

calculated from the the inclination of the straight line of the 

linear function derived from the relationship between the etching 

amount (nm) and the treatment time (min) for the tungsten film and 

the titanium nitride film.  The selection ratio (W/TiN) was 

calculated by dividing the etching rate for the tungsten film by 

the etching rate for the titanium nitride film. 

[0042] 

[Table 1] 

[0043] 

[Table 2] 

[0044] 

The etchant composition of Comparative Example 1 is the 

etchant composition described in JP A 2004-031791.  The etchant 

compositions of Comparative Examples 2 and 3 are the etchant 

compositions descried in JP A 2010-010273. 

[0045] 

The etchant compositions of Comparative Examples 1 to 3 

cannot be used for etching for generating an accurate structure 
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because the etching rate for at least one of the tungsten film and 

the titanium nitride film reaches a large value exceeding 10 nm/min 

(Table 2, Fig. 1).  Furthermore, because the selection ratio is 

greatly apart from 1, it is difficult to perform batch etching of 

tungsten film and titanium nitride film in a well-controlled manner 

(Table 2, Fig. 2). 

[0046] 

In contrast to these Comparative Examples, the etchant 

compositions of Working Examples 1 to 4 had appropriately low 

etching rate for tungsten film and titanium nitride film (Table 1, 

Fig. 1), and, at the same time, had selection ratio of 

approximately 1 (Table 1, Fig. 2).  Therefore, the etchant 

compositions of Working Examples 1 to 4 are capable of a well-

controlled batch etching of tungsten film and titanium nitride film, 

and furthermore are suitable for etching for generating an accurate 

structure such as a pattern having a three-dimensional structure. 

[0047] 

Furthermore, Fig. 3 is a graph in which the etching amount by 

the etchant composition of Working Example 4 is plotted against the 

treatment time for each of the tungsten film (a) and the titanium 

nitride film (b). 

[0048] 

The graph of Fig. 3 indicates that the etching amount by the 

etchant composition of Working Example 4 linearly increases against 

treatment time for both the tungsten film and the titanium nitride 

film.  This means that the etching rate (which corresponds to the 

inclination of the straight line connecting between plotted points) 

has caused almost no change with time.  Moreover, because the 

selection ratio of the etching composition of Working Example 4 is 

approximately 1 (Table 1, Fig. 2) and there is little change in 

etching rate with time (Fig. 3), it is obvious that the selection 

ratio of the etching composition of Working Example 4 is kept at 

approximately 1 without changing with time. 

[Industrial Applicability] 

[0049] 
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The use of the etchant composition of the present invention 

enables batch etching treatment of a tungsten film and a titanium 

nitride film. 
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[Claims] 

[Claim 1] 

Etchant composition for batch etching treatment of tungsten 

film and titanium nitride film comprising a nitric acid and water. 

[Claim 2] 

The etchant composition according to Claim 1, further 

comprising at least one selected from the group consisting of a 

sulfuric acid and an aliphatic sulfonic acid. 

[Claim 3] 

The etchant composition according to Claim 2, wherein the 

aliphatic sulfonic acid is a methanesulfonic acid. 

[Claim 4] 

The etchant composition according to any one of Claims 1 to 3 

further comprising a phosphoric acid. 

[Claim 5] 

Method for batch etching of tungsten film and titanium 

nitride film using the etchant composition according to any one of 

Claims 1 to 4. 

[Claim 6] 

The method according to Claim 5, wherein the temperature of 

the etching composition at which the etching is performed is 50 °C 

or higher. 

[Claim 7] 

The method according to Claim 5 or 6 for generating a pattern 

having a three-dimensional structure. 


