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(57) ABSTRACT 

A post-dry etching cleaning liquid composition for cleaning a 
Substrate after dry etching is provided, the cleaning liquid 
composition containing at least one type of fluorine com 
pound, glyoxylic acid, at least one type of organic acid salt, 
and water. With regard to the fluorine compound, ammonium 
fluoride may be used. With regard to the organic acid salt, at 
least one of ammonium oxalate, ammonium tartarate, ammo 
nium citrate, and ammonium acetate may be used. 
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Fig. 4 
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Fig. 7 
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Fig. 10 
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POST-DRY ETCHING CLEANING LIQUID 
COMPOSITION AND PROCESS FOR 

FABRICATING SEMCONDUCTORDEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Divisional Application of co 
pending U.S. Utility application Ser. No. 1 1/145,731 filed on 
Jun. 6, 2005. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a post-dry etching 
cleaning liquid composition that is used in cleaning for 
removing a residue after dry etching, and a process for fabri 
cating a semiconductor device using the post-dry etching 
cleaning liquid composition. 

DESCRIPTION OF THE RELATED ART 

0003. In recent years, accompanying the finer structure of 
devices due to microfabrication and the increased perfor 
mance of semiconductor circuit elements, new wiring mate 
rials and interlayer insulating film materials have been 
employed. For example, copper and an alloy having copper as 
a main component (hereinafter, called a copper alloy) have 
been used as new wiring materials for the purpose of reducing 
wiring resistance and inter-wiring capacitance. Copper wir 
ing is formed by, for example, a damascene process in which, 
after copper is embedded using sputtering or electro-plating 
in a trench formed as a wiring pattern in an interlayer insu 
lating film, an unwanted copper film portion is removed using 
chemical mechanical polishing (CMP), etc. Similarly, with 
regard to the copper alloy, there are examples in which it is 
used for wiring by a process analogous to the damascene 
process. 
0004. The introduction, as a new interlayer insulating film 
material, of an organic film represented by an aryl ether 
compound, a siloxane film represented by HSQ (Hydrogen 
Silsesquioxane) and MSQ (Methyl Silsesquioxane), and a 
porous silica film, which are low dielectric constant (low-k) 
materials, is also being investigated. 
0005. It is however clear that copper, copper alloy, and 
various types of low dielectric constant films, which are the 
above-mentioned new materials, have low chemical resis 
tance compared with aluminum, aluminum alloy, and silicon 
oxide film, which are conventional materials. Moreover, since 
the various types of low dielectric constant films, which are 
new materials, have a chemical composition different from 
the silicon oxide film, which is a conventional material, a 
process for fabricating a semiconductor device is carried out 
under conditions that are different from conventional ones. 
0006. In a process for fabricating a semiconductor device 
dry etching, in which an interlayer insulating film or a wiring 
material film formed on a Substrate is subjected to patterning 
using a resist pattern as a mask, has conventionally been 
carried out. 
0007 As a posttreatment for such dry etching, after the 
resist pattern is ashed and removed by anashing treatment, a 
resist residue, etc. partially remaining on the treated Surface is 
usually removed by a resist residue remover liquid. The resist 
residue referred to here means all of a resist residue, which is 
an incompletely ashed Substance remaining on the Substrate 
Surface after the ashing treatment, a side wall polymer 
remaining on an etched wall Surface as a by-product (also 
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called a side wall protecting film or a rabbit ear), and an 
organometallic polymer and a metal oxide remaining on the 
side face and the base face of a via hole. 
0008. In a process for producing a semiconductor device 
using a new material Such as copper, a copper alloy, or various 
types of low dielectric constant film, there is the new problem 
that the conventional resist residue remover liquid cannot be 
employed. For example, a representative conventional pho 
toresist residue remover liquid containing an alkanolamine 
and a quaternary ammonium compound used for removing a 
resist residue formed on a Substrate having aluminum, an 
aluminum alloy, or a silicon oxide film corrodes copper and 
copper alloy, which have low corrosion resistance and, fur 
thermore, causes etching and structural change in various 
types of low-k film. 
0009 Hence, as a new type of photoresist residue remover 
liquid for removing a resist residue formed on a substrate 
having copper, a copper alloy, or a low-k film, the following 
four types have been reported. 
1) A liquid containing an alkanolamine, a nitrogen-contain 
ing compound as a corrosion inhibitor, and water has been 
disclosed. Here, the alkanolamine is N-methylaminoethanol 
or monoethanolamine, and the corrosion inhibitoris uric acid, 
adenine, caffeine, purine, etc. (ref. JP, A, 2002-99101). 
2) A liquid containing either an alkanolamine or a quaternary 
ammonium hydroxide, a carboxyl group-containing acidic 
compound, a Sulfur-containing compound as a corrosion 
inhibitor, and water has been disclosed. Here, the alkanola 
mine is monoethanolamine, the quaternary ammonium 
hydroxide is tetramethylammonium hydroxide, the sulfur 
containing corrosion inhibitor is 1-thioglycerol, and the car 
boxyl group-containing acidic compound is acetic acid, pro 
pionic acid, or glycolic acid (ref JP, A, 2003-76037). 
3) A liquid containing an aliphatic polycarboxylic acid, a 
reducing material Such as glyoxylic acid, and water has been 
disclosed by the present inventors. Here, the aliphatic poly 
carboxylic acid is oxalic acid, malonic acid, tartaric acid, 
malic acid. Succinic acid, or citric acid, and the reducing 
material is glyoxylic acid, ascorbic acid, glucose, or mannose 
(ref JP, A, 2003-167360). 
4) A liquid containing one type or two or more types of 
fluorine compound, one type or two or more types of glyoxy 
lic acid, etc. and water has been reported by the present 
inventors. Here, the fluorine compound is ammonium fluo 
ride, and the glyoxylic acid, etc. is glyoxylic acid, ascorbic 
acid, glucose, fructose, lactose, or mannose (ref. JP, A, 2003 
280219). 
0010. On the other hand, when the interlayer insulating 
film is a low dielectric constant film formed from a material 
that is easily altered by ashing, dry etching might be carried 
out using an inorganic mask. In this fabrication process, after 
an inorganic mask layer is formed on the interlayer insulating 
film, a pattern is formed on the inorganic mask by a resist, dry 
etching, ashing, etc., and the interlayer insulating film is 
Subjected to dry etching using the inorganic mask (ref. JPA, 
2001-44189). 

SUMMARY OF THE INVENTION 

0011. However, the above-mentioned residue remover liq 
uids having each of the compositions 
00.12 1) to 4) have the following problems. That is, with 
regard to the composition 1), the amount of alkanolamine 
makes up 40% to 90% of the remover, and the burden on the 
environment is large. Similarly, with regard to the composi 
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tion 2), the concentration of the alkanolamine or the quater 
nary ammonium salt is 2 to 20 mass %, the concentration of 
the carboxyl group-containing acidic compound is 2 to 20 
mass %, and it cannot be said that the burden on the environ 
ment is Small. Furthermore, with regard to the composition 
3), in an example of JP, A, 2003-167360, it is disclosed that 
the resist residue can be removed by immersion at 25°C. for 
10 minutes. However, when the composition is used in a 
single wafer processing system, which has been used fre 
quently in recent years and requires a short processing time, 
its removal performance is not always Sufficient. This also 
applies to a case in which the composition is used as an 
etching processing liquid for removing a residue formed by 
etching using an inorganic mask. 
0013 Furthermore, in dry etching of a low dielectric con 
stant film formed from a siloxane film such as HSQ or MSQ., 
an altered layer is formed on the etched HSQ or MSQ surface. 
However, the composition 4) has a very high etching rate for 
this altered layer. Because of this, in posttreatment cleaning 
for dry etching using this composition, there is a possibility 
that the actual etching dimensions might become larger than 
intended etching dimensions. Furthermore, when the conven 
tional resist residue remover liquid is used for a semiconduc 
tor Substrate after dry etching using an inorganic mask, since 
a silicon oxide layer, a silicon nitride layer, etc., is present as 
the inorganic mask on the low dielectric constant film, the low 
dielectric constant film underneath these layers is preferen 
tially etched. This results in an etched shape in which an 
etched side wall formed from the silicon oxide layer or the 
silicon nitride layer overhangs in a canopy shape an etched 
side wall formed from the low dielectric constant film. 
Because of this, in the above-mentioned damascene process, 
the adhesion of a barrier layer formed in order to prevent 
diffusion of a metal wiring material Such as copper that is to 
be embedded in an inner wall of a trench or a via hole formed 
by etching is insufficient. There is thus the problem that the 
metal wiring material diffuses within the insulating film and 
the resistance of embedded wiring increases. 
0014 Under such circumstances, objects of the present 
invention are to provide a post-dry etching cleaning liquid 
composition that can remove a residue formed on an etched 
wall face during dry etching of an insulating film without 
changing the etching shape and that has a Suppressed burden 
on the environment, and to provide a process for fabricating a 
semiconductor device, the process being capable of complet 
ing dry etching of an insulating film with good shape preci 
sion by use of the post-dry etching cleaning liquid composi 
tion. It is also an object thereof to improve the adhesion of for 
example, a barrier layer to an etched side wall in the dama 
scene process and to thus improve the reliability of the semi 
conductor device. 
0015 The post-dry etching cleaning liquid composition of 
the present invention for accomplishing the above-mentioned 
objects (hereinafter, simply called a cleaning liquid compo 
sition) comprises at least one type of fluorine compound, 
glyoxylic acid, at least one type of organic acid salt, and 
Water. 

0016. In the cleaning liquid composition having Such a 
constitution, the fluorine compound is preferably ammonium 
fluoride. Furthermore, the organic acid salt is preferably at 
least one of ammonium oxalate, ammonium tartarate, ammo 
nium citrate, and ammonium acetate. Moreover, this cleaning 
liquid composition may contain a Surfactant and does not 
contain any organic solvent. Furthermore. Such a post-dry 
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etching cleaning liquid composition of the present invention 
is used for cleaning a Substrate in which a wiring material 
formed from at least one of copper and a copper alloy and an 
interlayer insulating film formed from at least one of a low 
dielectric constant film and a siliconoxide film are exposed as 
a result of dry etching. 
0017. Due to the cleaning liquid composition with the 
above constitution containing the fluorine compound, a poly 
mer residue formed, in particular, in dry etching of an insu 
lating film using an inorganic mask is sufficiently removed. 
Furthermore, due to the composition containing glyoxylic 
acid, which is a reducing material, even if a metal material is 
exposed on a treatment Surface that is to be treated using the 
cleaning liquid composition, by controlling the redox poten 
tial of the cleaning liquid composition by adjusting the con 
centration of glyoxylic acid therein, electron transfer between 
the cleaning liquid composition and the metal material is 
controlled, and corrosion of the metal material is prevented. 
Moreover, due to the composition containing the organic acid 
salt, which is a salt between an acid and an alkali, this organic 
acid salt serves as a pH adjusting agent and a buffer agent. By 
So doing, the concentration of HF, which is a silicon oxide 
film etchant formed by mixing the fluorine compound and 
glyoxylic acid, is regulated, etching of an insulating film 
material forming the treatment Surface and an altered layer 
thereof is Suppressed, and the ability to remove a polymer 
residue or a resist residue is ensured. This cleaning liquid 
composition is formed as an aqueous solution without using 
any organic solvent. 
0018. The process for fabricating a semiconductor device 
of the present invention is a process for carrying out a dry 
etching posttreatment using the above-mentioned cleaning 
liquid composition. In this process, a first fabrication process 
comprises a step of cleaning, using the post-dry etching 
cleaning liquid composition, a Substrate that has been Sub 
jected to dry etching via a mask pattern and then to ashing 
removal of the mask pattern. 
0019. A second fabrication process carries out a step of 
patterning by dry etching an insulating film formed a Sub 
strate via a mask pattern formed on the insulating film, and a 
step of cleaning the Substrate subjected to patterning as above 
by use of the above-mentioned cleaning liquid composition. 
The above-mentioned insulating film may be formed using a 
low dielectric constant material or may be formed from a low 
dielectric constant film with an inorganic material film 
thereon. Furthermore, the mask pattern may be formed from 
an inorganic material. Moreover, in the patterning of the 
insulating film, a metal material layer beneath the insulating 
film may be exposed. Furthermore, Subsequent to the clean 
ing step there may be a step of covering, with a conductive 
thin film, an inner wall of a trench pattern formed by the 
patterning of the insulating film and embedding a conductive 
material within the trench pattern via the conductive thin film. 
0020. In such a fabrication process, after the insulating 
film is patterned by dry etching via the mask pattern, the 
cleaning posttreatment is carried out using the above-men 
tioned cleaning liquid composition, and a polymer residue 
formed as a by-product on an etched wall face during the 
patterning is thus removed sufficiently by the cleaning liquid 
composition without corroding a metal material exposed on 
the etched surface. Moreover, since etching of an altered layer 
formed on the etched Surface during dry etching of the insu 
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lating film and etching of the insulating film material forming 
the treatment Surface are Suppressed, retreat of an etched side 
wall can be prevented. 

EFFECTS OF THE INVENTION 

0021. As hereinbefore described, in accordance with the 
cleaning liquid composition of the present invention, since it 
is possible to sufficiently remove a residue formed during dry 
etching of an insulating film while Suppressing corrosion of 
metal, etching of an altered layer formed on the etched Sur 
face during dry etching of the insulating film, and etching of 
the insulating film itself, a post-etching treatment can be 
carried out that is capable of removing the residue from the 
etched surface while maintaining the shape resulting from the 
etching process. Furthermore, forming the composition as an 
aqueous solution without using any organic solvent enables 
the burden on the environment to be reduced. 
0022. Furthermore, in accordance with the process for 
fabricating a semiconductor device of the present invention, 
by carrying out a cleaning posttreatment, after dry etching of 
an insulating film, by use of a cleaning liquid composition 
having the above-mentioned effects, it is possible to remove a 
residue from the etched surface while maintaining the shape 
resulting from the etching process, and it is therefore possible 
to complete the dry etching process with good shape preci 
Sion. As a result, for example, in the damascene process, it 
becomes possible to improve the adhesion of a barrier layer to 
a side wall of a trench pattern formed by dry etching, thereby 
improving the reliability of the semiconductor device. 

BRIEF DESCRIPTION OF DRAWINGS 

0023 FIGS. 1A, 1B, and 1C show cross-sectional process 
drawings (No. 1) of a fabrication process of a first embodi 
ment. 

0024 FIGS. 2D, 2E, and 2F show cross-sectional process 
drawings (No. 2) of the fabrication process of the first 
embodiment. 

0025 FIGS. 3A and 3B show cross-sectional process 
drawings (No. 1) of a fabrication process of a second embodi 
ment. 

0026 FIGS. 4C and 4D show cross-sectional process 
drawings (No. 2) of the fabrication process of the second 
embodiment. 

0027 FIGS. 5E and 5F show cross-sectional process 
drawings (No. 3) of the fabrication process of the second 
embodiment. 

0028 FIGS. 6G and 6H show cross-sectional process 
drawings (No. 4) of the fabrication process of the second 
embodiment. 

0029 FIGS. 7I and 7J show cross-sectional process draw 
ings (No. 5) of the fabrication process of the second embodi 
ment. 

0030 FIGS. 8A, 8B, and 8C show cross-sectional process 
drawings (No. 1) of a fabrication process of a third embodi 
ment. 

0031 FIGS. 9D,9E, and 9F show cross-sectional process 
drawings (No. 2) of the fabrication process of the third 
embodiment. 
0032 FIG. 10 is a graph showing the etching rate for a 
silicon oxide film by each constitution of cleaning liquid 
composition. 
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0033 FIG. 11 shows infrared absorption spectra for evalu 
ating the influence of a cleaning liquid composition on the 
structure of a low dielectric constant film (SiOC type). 
0034 FIG. 12 shows infrared absorption spectra for evalu 
ating the influence of a cleaning liquid composition on the 
structure of a low dielectric constant film (organic type). 
0035 FIG. 13 is a graph showing the etching rate for a low 
dielectric constant film of a cleaning liquid composition. 

MODES FOR CARRYING OUT THE INVENTION 

0036 Modes for carrying out the present invention are 
explained below in the order: post-dry etching cleaning liquid 
composition, and process for fabricating a semiconductor 
device using same. 

Post-Dry Etching Cleaning Liquid Composition 
0037. The post-dry etching cleaning liquid composition 
(hereinafter, simply called a cleaning liquid composition) 
explained here is a posttreatment liquid used suitably for a 
cleaning posttreatment of an insulating film patterning result 
ing from dry etching, and is formed as an aqueous solution 
comprising at least one type of fluorine compound, glyoxylic 
acid, at least one type of organic acid salt, and water. 
0038 Among these, the fluorine compound is contained in 
the cleaning liquid composition as a component for removing 
a residue formed during dry etching of an insulating film 
using an inorganic mask and a resist residue formed during 
ashing of a resist. 
0039 Examples of the fluorine compound include hydrof 
luoric acid and ammonium oramine fluoride salts such as, for 
example, ammonium fluoride, ammoniumhydrogen fluoride, 
methylamine hydrofluoride, ethylamine hydrofluoride, pro 
pylamine hydrofluoride, tetramethylammonium fluoride, tet 
raethylammonium fluoride, ethanolamine hydrofluoride, 
methylethanolamine hydrofluoride, dimethylethanolamine 
hydrofluoride, and triethylenediamine hydrofluoride. Among 
these, ammonium fluoride is preferable since it has a high 
ability to remove a residue formed by dry etching using an 
inorganic mask or a resist residue formed during ashing 
removal of a resist pattern used as a mask when dry etching, 
it has a low metallic impurity content, and it is readily avail 
able. The residue referred to here means, in addition to a resist 
residue, which is an incompletely ashed Substance remaining 
on the Substrate Surface after ashing, both a side wall polymer 
remaining on an etched wall face as a by-product (also called 
a side wall protecting film or a rabbit ear), and an organome 
tallic polymer and a metal oxide remaining on a side face or 
a base face of a via hole, and also means a residue remaining 
on a Substrate Surface of a semiconductor in which an inter 
layer insulating film is dry etched using an inorganic mask. 
0040. Here, the above-mentioned residues have different 
constitutions depending on the material to be dry etched. 
When an interlayer insulating film, etc. on wiring formed 
from copper and a copper alloy is dry etched, a residue formed 
on an etched wall face contains a reaction product, etc. 
formed from a mixture of an oxide of copper, a photoresist, an 
inorganic mask material, the interlayer insulating film, a dry 
etching gas, etc. Such a residue can be removed by appropri 
ately selecting the concentration of the fluorine compound. 
0041. The concentration of the fluorine compound in the 
cleaning liquid composition is therefore appropriately deter 
mined according to the target material for dry etching carried 
out prior to a treatment using the cleaning liquid composition, 
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and it is preferably 0.1 to 5 mass % of the entire composition, 
and particularly preferably 0.2 to 3 mass %. By setting the 
concentration of the fluorine compound in Such a range, it is 
possible to ensure that the fluorine compound in the cleaning 
liquid composition is capable of removing the polymer resi 
due or the resist residue, while preventing the fluorine com 
pound from corroding metal, and Suppressing etching of an 
insulating film present on the treatment Surface and changes 
in the structure of a low dielectric constant film present on the 
treatment surface. That is, if the concentration of the fluorine 
compound in the cleaning liquid composition is too low, the 
ability to remove a residue is low, and if the concentration is 
too high, the wiring material (metal material) is corroded and 
the insulating film present on the treatment Surface is etched 
or undergoes structural change. 
0042. The glyoxylic acid contained in the cleaning liquid 
composition functions as an anticorrosive agent for a metal 
material Such as copper or a copper alloy. That is, as a result 
of the composition containing glyoxylic acid, which is a 
reducing material, even when a metal material is exposed on 
the Surface that is to be treated by the cleaning liquid compo 
sition, the redox potential can be controlled by adjusting the 
concentration of glyoxylic acid in the cleaning liquid com 
position, and electron transfer between the cleaning liquid 
composition and the metal material can thus be controlled, 
thereby preventing the metal material from being corroded. 
That is, corrosion of a metal in an aqueous Solution depends 
on the pH, the redox potential, the temperature of the aqueous 
solution, the presence of a chelating agent, and the coexist 
ence of another metal in the aqueous solution; in particular, 
the pH and the redox potential of the solution play an impor 
tant role. It is Surmised that, by controlling these factors, 
corrosion of a metal in the aqueous solution can be prevented. 
0043. The concentration of glyoxylic acid in the cleaning 
liquid composition is preferably 0.01 to 1 mass %, and more 
preferably 0.03 to 0.3 mass %. By setting the concentration of 
glyoxylic acid in Such a range, an effect in preventing the 
corrosion of a metal by the glyoxylic acid in the cleaning 
liquid composition is ensured. On the other hand, the etching 
of a low dielectric constant film on the treatment surface by 
glyoxylic acid is Suppressed. Although the ability to remove 
the polymer residue or the resist residue is enhanced by 
increasing the concentration of glyoxylic acid, this also 
enhances the etching of the low dielectric constant film, thus 
easily causing structural change; that is, by reducing the 
concentration of glyoxylic acid to the above-mentioned 
range, the etching of the low dielectric constant film and the 
occurrence of precipitates and crystals in the cleaning liquid 
composition are Suppressed. Furthermore, since glyoxylic 
acid is expensive and is therefore economically disadvanta 
geous, it is preferable to use it at as low a concentration as 
possible in the range that can give the above-mentioned per 
formance. 

0044 As the organic acid salt contained in the cleaning 
liquid composition, a salt of an organic acid and ammonia is 
used, and examples thereof include ammonium oxalate, 
ammonium tartarate, ammonium citrate, and ammonium 
acetate. 

0.045. Such an organic acid salt acts as a pH adjusting 
agent or a buffer agent in the cleaning liquid composition and 
has the function of controlling the etching of an insulating 
film material forming the treatment surface oran altered layer 
thereof. Because of this, the concentration of the organic acid 
salt in the cleaning liquid composition is determined from the 
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viewpoint of the ability to remove a polymer residue resulting 
from the cleaning liquid composition, the ability to remove a 
resist residue, Susceptibility to etching of an altered layer 
formed on the etching Surface in dry etching or ashing 
removal of a resist pattern, the cost, and the occurrence of 
precipitates and crystals, and it is preferably 0.1 to 10 mass %, 
and more preferably 0.3 to 5 mass %. 
0046 By setting the concentration of the organic acid salt, 
which serves as the pH adjusting agent or the buffer agent, in 
the above-mentioned range in the cleaning liquid composi 
tion, the concentration of HF can be adjusted so that the 
etching of an insulating film material forming the treatment 
Surface and an altered layerthereof is Suppressed while ensur 
ing that the polymer residue or the resist residue can be 
removed, HF being a silicon oxide film etchant formed by 
mixing a fluorine compound and glyoxylic acid. That is, if the 
concentration of the organic acid salt is too high, the ability to 
remove the polymer residue and the resist residue by the 
cleaning liquid composition is degraded. On the other hand, if 
the concentration of the organic acid salt is too low, Suscep 
tibility to etching of the insulating film material forming the 
treatment Surface and an altered layer thereof by the cleaning 
liquid composition becomes high. Moreover, by maintaining 
the concentration of the organic acid salt at a certain level, an 
effect in Suppressing variation in pH due to dilution and 
concentration of the remover liquid when the cleaning liquid 
composition is recycled can be obtained. 
0047. The above-mentioned cleaning liquid composition 
may further contain a Surfactant for the purpose of imparting 
affinity toward a water-repellent material layer. The surfac 
tant used for Such a purpose is preferably a nonionic type or 
anionic type surfactant. The concentration of the Surfactant is 
0.0001 to 10 mass %, and particularly preferably 0.001 to 5 
mass %. By setting the concentration in Such a range, it is 
possible to ensure that the wettability toward the insulating 
film is commensurate with the concentration of the Surfactant. 

0048. Furthermore, the above-mentioned cleaning liquid 
composition may contain a resist removal component. 
Examples of the resist removal component include TMAH 
(tetramethylammonium hydroxide) and MEA (monometha 
nolamine). This can give an effect in removing the resist 
residue in particular. 
0049 Since the cleaning liquid composition having the 
above-mentioned constitution of the present invention con 
tains a fluorine compound, the polymer residue formed dur 
ing dry etching of an insulating film, particularly when using 
an inorganic mask, can be removed sufficiently. Moreover, 
since the composition contains glyoxylic acid, even if a metal 
material is exposed on the etching Surface, corrosion of the 
metal material can be suppressed. Furthermore, since the 
composition contains an organic acid salt, it is possible to 
ensure that the polymer residue and the resist residue can be 
removed while Suppressing etching of an altered layer formed 
on the etching Surface during dry etching of the insulating 
film. Furthermore, since the composition is formulated as an 
aqueous solution without using any organic Solvent, the bur 
den on the environment can be suppressed. 
0050. It is therefore possible to carry out a post-etching 
cleaning treatment that can remove polymer residue from the 
etched surface while maintaining the shape obtained by etch 
ing. It is also possible to Suppress the burden on the environ 
ment by making up the cleaning liquid composition as an 
aqueous Solution without using any organic solvent. 
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0051. Furthermore, since this cleaning liquid composition 
contains an organic acid salt as described above and thus has 
a buffering function, it is possible to Suppress variation in pH 
due to dilution or concentration of the cleaning liquid com 
position. This Suppresses fluctuation in the ability to remove 
the polymer residue and the resist residue and the etching of 
the treatment Surface from being caused by a change in the 
concentration of components contained in the cleaning liquid 
composition. It is therefore possible to enhance the Solution 
life of the cleaning liquid composition when it is recycled. 

Process for Fabricating Semiconductor Device—1 
0052 A first embodiment of the process for fabricating a 
semiconductor device using the cleaning liquid composition 
described above is now explained in detail by reference to 
drawings. In the first embodiment below, an embodiment in 
which the fabrication process of the present invention is 
applied to the damascene process is explained. 
0053 Firstly, as shown in FIG. 1A, an insulating film 3 is 
formed from, for example, silicon oxide on a semiconductor 
substrate 1 on which a semiconductor element (not illus 
trated) Such as a transistor has been formed in advance. A plug 
7 connected to an element or a conductive layer on the semi 
conductor substrate 1 surface via a barrier layer 5 is formed 
within a via hole formed in the insulating film 3. The barrier 
layer 5 is formed as a layered film in which a titanium nitride 
layer is provided on a titanium layer, and this plug. 7 is formed 
from, for example, tungsten (W). 
0054. A stopper insulating film formed from silicon 
nitride (SiN) is formed by deposition using a vacuum CVD 
method on the insulating film 3 in which the plug 7 has been 
embedded. Subsequently, a low dielectric constant insulating 
film (low-k film) 11, a cap insulating film 13 formed from 
silicon oxide and, further, an inorganic mask layer 15 formed 
from silicon nitride are formed by deposition using a CVD 
method. As the low dielectric constant film 11, an organic 
material film represented by an aryl ether compound, a silox 
ane film represented by HSQ (Hydrogen Silsesquioxane) and 
MSQ (Methyl Silsesquioxane), an SiOC type film, or a 
porous silica film is used. 
0055 A resist pattern 17 having a desired wiring trench 
pattern is then formed on the inorganic mask layer 15 by 
lithography. 
0056. Following this, as shown in FIG. 1B, the inorganic 
mask layer 15 is etched using the resist pattern 17 as a mask, 
thus forming an inorganic mask 15a in which the wiring 
trench pattern of the resist pattern 17 is transferred to the 
inorganic mask layer 15. After the etching, the resist pattern 
17 is removed by ashing. 
0057 Subsequently, as shown in FIG. 11C, the cap insu 
lating film 13 and the low dielectric constant insulating film 
11 are dry etched through the inorganic mask 15a, the etching 
is stopped at the surface of the stopper layer 9, and a step of 
etching the stopper layer 9 is Subsequently carried out, thus 
forming a wiring trench (trench pattern) 19. For this dry 
etching, for example, a two frequency CCP (capacitively 
coupled plasma) system is used. 
0058. In this dry etching step, a polymer residue A is 
formed on the etched wall face. If carbon is contained in each 
insulating film that is to be etched, the same polymer residue 
A is formed. 
0059. As shown in FIG. 2D, as a post-dry etching treat 
ment, a cleaning posttreatment using the above-mentioned 
cleaning liquid composition is carried out. In this case, a wet 
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treatment in which the substrate to be treated is immersed in 
the above-mentioned cleaning liquid composition for a pre 
determined period of time (e.g., 300 seconds) is carried out, 
thereby removing the polymer residue A, followed by rinsing 
with pure water by a standard method and then a drying 
treatment. 

0060. After the above-mentioned procedure, as shown in 
FIG. 2E, a barrier layer 21 is formed from TaN, etc. on the 
entire surface above the semiconductor substrate 1 by, for 
example, a sputtering method as a conductive thin film for the 
purpose of preventing wiring metal from diffusing. Subse 
quently, for example, a Cuthin film for plating is formed, and 
a conductive material 23 Such as copper (Cu) is deposited 
within the wiring trench 19 by a plating method, thus filling in 
the wiring trench 19. 
0061 Following this, as shown in FIG. 2F, the conductive 
material 23 deposited outside the wiring trench 19, the barrier 
layer 21, and the remaining inorganic mask 15a are removed 
by a CMP method, etc. By so doing, embedded wiring 25 is 
formed in which Cu is embedded as a conductive material 
within the wiring trench 19 formed in the stopper layer 9, the 
low dielectric constant film 11, and the cap insulating film 13. 
0062. In the above-mentioned fabrication process, in order 
to remove the polymer residue A formed during dry etching of 
various types of insulating films 9 to 13 using the inorganic 
mask 15a as described by reference to FIG. 1C, a cleaning 
posttreatment using the above-mentioned cleaning liquid 
composition of the present invention is carried out as 
described by reference to FIG. 2D. This cleaning liquid com 
position is, as described above, an aqueous solution compris 
ing a fluorine compound, glyoxylic acid, and an organic acid 
salt, and by post-cleaning using this cleaning liquid compo 
sition it is possible to remove the polymer residue A suffi 
ciently without corroding the plug. 7, which is a metal material 
exposed on the etched Surface. Moreover, in etching or dry 
etching of the insulating films 9 to 13 formed from an organic 
material or an inorganic material, since etching of an altered 
layer formed on the etched surface of the low dielectric con 
stant film 11 is suppressed, it is possible to prevent the etched 
side wall from retreating. It is therefore possible to maintain 
the etched shape formed by dry etching using the inorganic 
mask 15a. 

0063. Therefore, during the cleaning posttreatment, the 
shape of the opening of the wiring trench 19 does not widen, 
and a dry etching process including the posttreatment step can 
be completed with good shape precision. Furthermore, with 
respect to the cap insulating film 13 formed from an inorganic 
material Such as silicon oxide, the low dielectric constant film 
11 underneath does not retreat as a result of the cleaning 
posttreatment and the side walls of the wiring trench 19 do not 
take on a canopy shape. Because of this, when the barrier 
layer 21 is formed as described by reference to FIG. 2E, the 
barrier layer 21 can be provided with good adhesion to the 
side walls of the wiring trench 19. As a result, the barrier layer 
21 can adequately prevent the conductive material (Cu) 23 
from diffusing into the insulating films 9 to 13, thereby 
enhancing the reliability of the semiconductor device. 

Process for Fabricating Semiconductor Device 2 

0064. The process for fabricating a semiconductor device 
of a second embodiment is now explained. The second 
embodiment explains an embodiment in which the fabrica 
tion process of the present invention is applied to a dual 
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damascene process, which is carried out Subsequent to the 
step explained by reference to FIGS. 1A to 1C and FIGS. 2D 
to 2F in the first embodiment. 
0065. Firstly, as shown in FIG.3A, after embedded wiring 
25 is formed from Cu, for example, as in the above-mentioned 
FIGS. 1A to 1C and FIGS. 2D to 2F, a stopper layer 31, a low 
dielectric constant film 33, a stopper layer35, a low dielectric 
constant film 37, and a cap insulating film 39 are layered in 
sequence by, for example, a CVD method above a semicon 
ductor substrate 1 on which the embedded wiring 25 is 
formed. The stopper layers 31 and 35 are formed from, for 
example, SiC., and the cap insulating film 39 is formed from 
silicon oxide. The low dielectric constant films 33 and 37 
employ an organic material film represented by an aryl ether 
compound, a siloxane film represented by HSQ (Hydrogen 
Silsesquioxane) and MSQ (Methyl Silsesquioxane), a SiOC 
type film, or a porous silica film. 
0066 Following this, a first inorganic mask layer 41 
formed from silicon nitride (or silicon oxide), a second inor 
ganic mask layer 43 formed from silicon oxide (or silicon 
nitride), and an anti-reflection film 45 for exposure in lithog 
raphy are formed in sequence on the cap insulating film 39. 
0067. Following this, a resist pattern 47 having a predeter 
mined wiring trench pattern is formed on the anti-reflection 
film 45. 
0068. Following this, as shown in FIG.3B, the anti-reflec 
tion film 45 and the secondinorganic mask layer 43 are etched 
through the resist pattern 47, thus forming a second inorganic 
mask 43a to which the wiring trench pattern of the resist 
pattern 47 has been transferred. Subsequently, the resist pat 
tern 47 and the anti-reflection film 45 are removed by ashing. 
0069. Following this, as shown in FIG. 4C, a resist pattern 
49 is formed on the first inorganic mask layer 41, the resist 
pattern 49 covering the second inorganic mask 43a and hav 
ing a via hole pattern positioned within the wiring trench 
pattern formed in the second inorganic mask 43a. 
0070. Subsequently, as shown in FIG. 4D, the first inor 
ganic mask layer 41 is etched through the resist pattern 49, 
thus forming a first inorganic mask 41a to which the via hole 
pattern of the resist pattern 49 has been transferred. The resist 
pattern 49 is then removed by ashing. 
0071. Following this, as shown in FIG. 5E, the cap insu 
lating film 39 and the low dielectric constant film 37 are dry 
etched through the first inorganic mask 41a to which the via 
hole pattern has been transferred, and this dry etching is 
stopped at the stopper layer 35. By so doing, an aperture 51 
having a via hole pattern is formed. 
0072 Subsequently, as shown in FIG. 5F, the first inor 
ganic mask 41a, the cap insulating film 39, and the low 
dielectric constant insulating film 37 are dry etched through 
the second inorganic mask 43a to which the wiring trench 
pattern has been transferred, and the etching is stopped at the 
stopper layer 35. By so doing, a wiring trench 53 is formed. In 
this etching, at the same time as the wiring trench 53 being 
formed, the stopper layer 35 and the low dielectric constant 
film 33 at the base of the aperture 51 are dry etched, and the 
etching is first stopped at the surface of the stopper layer 31. 
By so doing, the aperture 51 is further dug down into while 
being connected to the wiring trench 53. 
0073. Following this, as shown in FIG. 6G, the stopper 
layer 31 at the base of the aperture 51 is dry etched. By so 
doing, the wiring trench 53 and a via hole 55 extending to the 
embedded wiring 25 formed from Cuare formed, the via hole 
55 being dug down from the base of the wiring trench 53. In 
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this etching, the second inorganic mask 43a on the first inor 
ganic mask 41a and the stopper layer 35 are also simulta 
neously etched and removed. 
0074. In this dry etching step, a polymer residue A is 
formed on the etched wall face. If carbon is contained in each 
insulating film to be etched, the same polymer residue A is 
formed. In the above-mentioned dry etching explained by 
reference to FIG.5F, the same polymer residue is formed on 
the etched wall face. 
0075. As shown in FIG. 6H, a cleaning posttreatment 
using the above-mentioned cleaning liquid composition is 
carried out as a post-dry etching treatment. In this case, a wet 
treatment in which the substrate to be treated is immersed in 
the above-mentioned cleaning liquid composition for a pre 
determined period of time (e.g., 300 seconds) is carried out, 
thereby removing the polymer residue A, followed by rinsing 
with pure water by a standard method and then a drying 
treatment. 

0076. After the above-mentioned procedure, as shown in 
FIG.71, a barrier layer 57 of TaN, etc. is formed on the entire 
surface above the semiconductor substrate 1 by, for example, 
a sputtering method as a conductive thin film for the purpose 
of preventing wiring metal from diffusing. After this, for 
example, a Cuthin film for plating is formed, and a conduc 
tive material 59 such as copper (Cu) is then deposited within 
the wiring trench 53 and the via hole 55 opening on the base 
thereof by a plating method, thus filling in the wiring trench 
53 and the via hole 55. 
0077. Following this, as shown in FIG. 7J, the conductive 
material 59 and the barrier layer 57 deposited outside the 
wiring trench 53, and the remaining first inorganic mask 41a 
are removed by the CMP method. By so doing, embedded 
wiring 61 is formed in which Cu is embedded as a conductive 
material within the wiring trench 53 and the via hole 55. 
0078. In the above-mentioned fabrication process, as 
explained by reference to FIG. 5F and FIG. 6G, in order to 
remove the polymer residue A formed during dry etching of 
the various types of insulating films 31 to 39 using the inor 
ganic masks 41a and 43a, a cleaning posttreatment using the 
above-mentioned cleaning liquid composition of the present 
invention is carried out as explained by reference to FIG. 6H. 
Because of this, as in the first embodiment, the polymer 
residue A can be removed sufficiently while maintaining the 
etched shape as it is without corroding the embedded wiring 
25 of the metal material Cu. It is therefore possible to com 
plete the dry etching process including the posttreatment step 
with good shape precision. As a result, the barrier layer 57 can 
be provided with good adhesion to a side wall of a trench 
pattern formed from the wiring trench 53 and the via hole 55, 
thereby enhancing the reliability of the semiconductor 
device. 

007.9 The above-mentioned second embodiment explains 
a procedure in which, after the final dry etching step explained 
by reference to FIG. 6G, a cleaning posttreatment using the 
above-mentioned cleaning liquid composition is carried out. 
However, in the second embodiment, in the dry etching step 
explained by reference to FIG. 5E and the dry etching step 
explained by reference to FIG. 5F, the polymer residue A 
might be formed. Therefore, after each of these steps, a clean 
ing posttreatment using the above-mentioned cleaning liquid 
composition may be carried out. By so doing, the polymer 
residue A formed in each dry etching step can be removed as 
it forms, and it is possible to prevent the polymer residue A 
from affecting the Subsequent dry etching. 
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0080. In the first embodiment and the second embodiment 
explained above, as a cleaning posttreatment for dry etching 
of various types of insulating films using an inorganic mask, 
an arrangement using the cleaning liquid composition of the 
present invention is explained. However, the present inven 
tion is not limited to Such an arrangement. For example, dry 
etching of various types of insulating films including the 
above-mentioned low dielectric constant film is carried out by 
etching using a resist pattern as a mask, the resist pattern is 
Subsequently removed by ashing and, after that, a cleaning 
posttreatment for removing a resist residue formed during 
this ashing may be carried out using the cleaning liquid com 
position of the present invention. 
0081. In this case, it is preferable to use in the cleaning 
posttreatment a cleaning liquid composition containing, in 
addition to the fluorine compound, glyoxylic acid, and the 
organic acid salt, a resist removal component such as TMAH 
or MEA. By so doing, the resist residue after ashing can be 
removed sufficiently while maintaining the etched shape as it 
is without corroding the embedded wiring 25 of the metal 
material Cu. 

Process for Fabricating Semiconductor Device 3 
0082. As a third embodiment of the process for fabricating 
a semiconductor device using the above-mentioned cleaning 
liquid composition, an embodiment in which the present 
invention is applied to a step of connecting a plug to a tran 
sistor provided on the Surface side of a semiconductor Sub 
strate is now explained. 
0083 Firstly, as shown in FIG. 8A, the surface side of a 
semiconductor Substrate 71 is separated by an element sepa 
rator 73, and a MOS transistor Tris then formed in a region 
separated by this element separator 73. With regard to this 
MOS transistor Tr, an exposed face of a source/drain 75 is 
covered by a silicide film, the illustration of which is omitted 
here. This silicide film is formed from nickel silicide, cobalt 
silicide, titanium silicide, etc. 
0084 An interlayer insulating film 77 is formed from sili 
con oxide by a vacuum CVD method on the semiconductor 
substrate 71 on which the MOS transistorTr has been formed, 
and the MOS transistor Tris covered by the interlayer insu 
lating film 77. 
0085. Following this, as shown in FIG. 8B, a resist pattern 
79 having a via hole pattern is formed on the interlayer insu 
lating film 77. 
I0086) Next, as shown in FIG. 8C, by dry etching of the 
interlayer insulating film 77 using the resist pattern 79 as a 
mask, a via hole 81 that extends to the source? drain 75 cov 
ered by the silicide is formed as a trench pattern. 
0087 Subsequently, as shown in FIG. 9D, the resist pat 
tern 79 remaining after the previous dry etching step is 
removed by ashing. As a result, a resist residue B containing 
a by-product polymer is formed on the treatment Surface 
exposed during the ashing. 
0088 As shown in FIG. 9E, by carrying out a cleaning 
posttreatment using the cleaning liquid composition, the 
resist residue B is removed. In this case, a wet treatment in 
which the substrate to be treated is immersed in the above 
mentioned cleaning liquid composition for a predetermined 
period of time is carried out, followed by rinsing with pure 
water by a standard method and then a drying treatment. 
Among the above-mentioned cleaning liquid compositions, it 
is particularly preferable to use a cleaning liquid composition 

Aug. 7, 2008 

containing a resist removal component such as TMAH (tet 
ramethylammonium hydroxide) or MEA (monomethanola 
mine). 
I0089. After the above-mentioned procedure, as shown in 
FIG.9F, a film is formed from a conductive material 85 such 
as W by the CVD method via a barrier film 83 of TiN,Ti, etc. 
formed by, for example, a sputtering method for the purposes 
of preventing a wiring metal from diffusing and improving 
the adhesion, thus filling in the via hole 81. The conductive 
material 85 and the barrier film 83 deposited outside the via 
hole 81 are then removed by the CMP method, thus leaving 
them only within the via hole 81. By so doing, a plug 87 that 
is embedded within the via hole 81 via the barrier film 83 and 
connected to the source? drain 75 is formed. 
0090. In the third embodiment described above, as 
explained by reference to FIG. 9D, in order to remove the 
resist residue B formed during ashing removal of the resist 
pattern 79, which is used as a mask during dry etching, a 
cleaning posttreatment using the above-mentioned cleaning 
liquid composition of the present invention is carried out as 
explained by reference to FIG.9E. This cleaning liquid com 
position is an aqueous solution comprising a fluorine com 
pound, glyoxylic acid, and an organic acid salt as described 
above, and post cleaning by use of this cleaning liquid com 
position enables the resist residue B to be removed suffi 
ciently without corroding a silicide (source/drain plug. 87), 
which is a metal material exposed on the etching Surface. 
Moreover, since etching of the interlayer insulating film 77 is 
Suppressed, an etched side wall is prevented from retreating. 
It is therefore possible to maintain the etched shape formed by 
dry etching as it is. 
0091. By the use of, in particular, a cleaning liquid com 
position comprising a resist removal component such as 
TMAH or MEA in the cleaning posttreatment, a sufficient 
ability to remove the resist residue B can be obtained. 
0092. The third embodiment describes an arrangement in 
which the cleaning liquid composition of the present inven 
tion is used for a cleaning posttreatment in the formation by 
dry etching of the via hole 81 extending to the source/drain 
75, which is covered by the silicide. However, even when the 
surface of the source? drain 75 is not the silicide but is a 
semiconductor layer, by carrying out a cleaning posttreat 
ment using the cleaning liquid composition of the present 
invention, it is possible to reliably remove the resist residue B. 
Because of this, it is possible to reliably connect the plug. 87 
and the source/drain 75 while maintaining the etched shape 
with good precision. 

EXAMPLES 

0093. Results of evaluation tests described below for 
cleaning liquid compositions of Examples of the present 
invention are now explained. 

Evaluation Test—1 

0094. Cleaning posttreatment for dry etching was carried 
out using cleaning liquid compositions of Examples and 
cleaning liquid compositions of Comparative Examples cor 
responding to these Examples, and removal characteristics of 
a polymer residue, corrosion of a metal material, and Suscep 
tibility to etching of an insulating film were evaluated. 
0.095 A treatment substrate for this cleaning posttreat 
ment was formed as follows by reference to FIG. 6G of the 
above-mentioned embodiment. That is, after embedded wir 
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ing 25 was formed from copper above a semiconductor Sub 
strate 1, a stopper insulating film 31 formed from SiC., a low 
dielectric constant insulating film 33 formed from SiOC, a 
low dielectric constant insulating film 37 formed from a pol 
yaryl ether, a first inorganic mask 41a formed from silicon 
nitride, and a second inorganic mask 43a formed from silicon 
oxide were layered on the embedded wiring 25, and the 
insulating layers thus layered were dry etched through the 
second inorganic mask 43a, thus forming a via hole 55 
extending to a wiring trench 53 and the embedded wiring 25 
of a dual damascene structure. By carrying out dry etching in 
this way, a polymer residue A was formed on an etched wall 
face. Such a treatment Substrate was Subjected to a cleaning 
posttreatment using cleaning liquid compositions of each of 
the Examples and the Comparative Examples. In this clean 
ing posttreatment, the treatment Substrate that had been Sub 
jected to dry etching was immersed in the cleaning liquid 

Post-dry etching cleaning 
liquid composition (mass %) 

Fluorine Glyoxylic 
compound acid Organic acid salt 

Ex. 1 NHF O.2 O.03 Triammonium 
citrate 

Ex. 2 NHF 1.5 0.03 Triammonium 
citrate 

Ex. 3 NHF 3.0 0.03 Triammonium 
citrate 

Ex. 4 NHF 1.5 O.3 Triammonium 
citrate 

Ex. S NHF 3.0 O.3 Triammonium 
citrate 

Ex. 6 TMAH*1 - O.S 0.06 Triammonium 

HF citrate 

Ex. 7 MEA 2- O.S 0.06 Triammonium 

HF citrate 

Ex. 8 NHF O.S 0.06 Triammonium 
citrate 

Ex. 9 TMAH- O.S 0.06 Triammonium 

HF citrate 

Ex. 10 MEA+ HF O.S 0.06 Ammonium acetate 

Ex. 11 NHF O.S 0.06 Ammonium oxalate 
Ex. 12 TMAH- O.S 0.06 Ammonium acetate 

HF 

Ex. 13 MEA+ HF O.S 0.06 Ammonium acetate 

Ex. NHF O.S 0.06 Ammonium 
tartarate 

Ex. 15 TMAH- O.S 0.06 Ammonium 

HF tartarate 

Ex. 16 MEA+ HF O.S 0.06 Ammonium 

tartarate 

* 1: TMAH... tetramethylammonium hydroxide 
* 2: MEA... monoethanolamine 
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composition (25°C.) for 3 minutes, followed by rinsing with 
running Superpure water and drying. 
(0096. With regard to the treated substrate which had been 
Subjected to the above-mentioned cleaning posttreatment, the 
ability to remove the polymer residue A, corrosion of copper 
forming the embedded wiring 25, and the susceptibility to 
etching of the insulating films of the various materials were 
examined using an electron microscope. 
0097. Table 1 below shows the constitutions and the 
results of the evaluation tests of the cleaning liquid composi 
tions of Examples 1 to 16. Table 2 below shows the constitu 
tions and the results of the evaluation tests of the treatment 
liquids of Comparative Examples 1 to 13. Comparative 
Example 5 is a resist remover having a constitution referred to 
in JP, A, 2002-99101, Comparative Examples 11 and 12 are 
resist removers having constitutions referred to in JP, A. 
2003-280219, and Comparative Example 13 is a resist 
remover having a constitution referred to in JP, A, 2003 
16736O. 

TABLE 1. 

Removability *4 Susceptibility to etching *5 

Trench Organic low 
pattern dielectric SiOC low 

Copper side Corrosion constant dielectric Silicon 
Surface wall Copper film constant film oxide 

O.3 A. A. A. A. A. A. 

2.0 A. A. A. A. A. A. 

S.O A. A. A. A. A. A. 

2.0 A. A. A. A. A. A. 

S.O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

O A. A. A. A. A. A. 

*4: A... good, B. . . Some remaining, C. ... impossible to remove 
*5: A... (corrosion, etching) none, B... (corrosion, etching) slight, C. ... (corrosion, etching) some 
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TABLE 2 

Removability 4 

Trench 
Post-dry etching cleaning liquid Copper pattern side 

composition (mass %) Surface wall 

Comp. Ex. 1 TMAH * 1 1.0 - A. C 
Comp. Ex. 2 MEA*2 1.0 — A. C 
Comp. Ex. 3 TMAH 1.O DMAC 3 SO.O A. C 
Comp. Ex. 4 MEA 10 DMAC SO.O A. C 
Comp. Ex. 5 MEA 1.0 Benzotriazole 1.O A. C 
Comp. Ex. 6 HF 1.0 — A. A. 
Comp. Ex. 7 NHF 1.0 — C B 
Comp. Ex. 8 HF 10 DMAC SO.O A. A. 
Comp. Ex. NHF 10 DMAC SO.O C C 
10 
Comp. Ex. NHF 0.2 Glyoxylic acid O.O3 A. A. 
11 
Comp. Ex. NHF 0.2 Glyoxylic acid O.09 A. A. 
12 
Comp. Ex. Oxalic 3.4 Glyoxylic acid O.1 A. C 
13 acid 

* 1: TMAH... tetramethylammonium hydroxide 
* 2: MEA... monoethanolamine 
* 3: DMAC ... dimethylacetamide 
*4: A... good, B. . . Some remaining, C. ... impossible to remove 
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Susceptibility to etching 5 

Organic low SiOC low 
Corrosion dielectric dielectric Silicon 
Copper constant film constant film oxide 

C B B A. 
C B B A. 
B B B A. 
B B B A. 
A. B B A. 
A. A. C C 
A. A. A. A. 
A. B B B 
A. B A. A. 

A. A. A. C 

A. A. A. C 

A. A. A. A. 

*5: A... (corrosion, etching) none, B... (corrosion, etching) slight, C. ... (corrosion, etching) some 

0098. As shown in Table 1, it has been confirmed that in 
cleaning posttreatment with the cleaning liquid compositions 
of Examples 1 to 16, the polymer residue formed during dry 
etching can be removed sufficiently from the copper (Cu) 
surface and the trench pattern side wall. It has also been 
confirmed that corrosion of the copper (Cu) surface is pre 
vented. It has also been confirmed that susceptibility to etch 
ing of various types of insulating films such as the organic low 
dielectric constant film, the SiOC low dielectric constant film, 
and the silicon oxide film is sufficiently Suppressed. 
0099. In contrast, as shown in Table 2, with regard to 
cleaning liquid compositions having a constitution other than 
that of the present invention, none among the ability to 
remove a polymer residue, the effect of preventing copper 
(Cu) from being corroded, and the effect of Suppressing etch 
ing of various types of insulating films could be obtained 
adequately. 

Evaluation Test—2 

0100. The etching characteristics of the cleaning liquid 
composition toward a silicon oxide film were evaluated. 
0101 Treatment substrates were prepared by forming a 
P-TEOS film as a siliconoxide film on a silicon wafer, and the 
total film thickness of the treatment substrate was measured 
using an interferometric film thickness measurement system 
(Nanospec AFT manufactured by Nanometrics). Subse 
quently, these treatment Substrates were immersed in clean 
ing liquid compositions of each constitution (25°C.) for 30 
minutes, followed by rinsing with running Superpure water 
and drying. Following this, the total film thickness of the 
treated Substrate was measured again using the interferomet 
ric film thickness measurement system. The etching rate for 
the siliconoxide film was calculated from the film thicknesses 
before and after the cleaning posttreatment with the cleaning 
liquid composition. FIG. 10 shows the results of calculation 
of the etching rate with respect to the constitution of the 

cleaning liquid compositions and the amount of triammo 
nium citrate contained therein. 

01.02 From the results shown in FIG. 10, it has been con 
firmed that by adjusting the amount of ammonium citrate 
contained in the composition the etching rate for the P-TEOS 
film can be suppressed. It has also been confirmed that the 
cleaning liquid composition of the present invention contain 
ingammonium citrate Suppresses the etching of an oxide film, 
and in cleaning posttreatment for dry etching using the clean 
ing liquid composition of the present invention, degradation 
of the etched shape of the oxide film can be prevented. 

Evaluation Test—3 

0103) The influence of a cleaning liquid composition on 
the structure of a low dielectric constant film was evaluated. 

0104. Here, a treatment substrate in which an SiOC low 
dielectric constant film was formed on a silicon wafer and a 
treatment Substrate in which an organic low dielectric con 
stant film formed from an arylether compound was formed on 
a silicon wafer were prepared. Infrared absorption spectra of 
the low dielectric constant films forming the surface of each 
of the treatment Substrates were measured using a Fourier 
transform infrared spectrophotometer (FT-IR-660V manu 
factured by JASCO Corporation). The treatment substrates 
were Subsequently immersed in a cleaning liquid composi 
tion (25°C.) for 30 minutes, followed by rinsing with running 
Superpure water and drying. The constitution of the cleaning 
liquid composition was NHF=1.5 mass %, glyoxylic acid=0. 
03 mass %, and triammonium citrate=1.0 mass %. Following 
this, infrared absorption spectra of each of the low dielectric 
constant films were measured again using the Fourier trans 
form infrared spectrophotometer. FIG. 11 shows infrared 
absorption spectra measured for the SiOC low dielectric con 
stant film, and FIG. 12 shows infrared absorption spectra 
measured for the organic low dielectric constant film. 
0105. As shown in these figures, there was no change in 
the infrared absorption spectra before and after the cleaning 
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posttreatment for both the SiOC low dielectric constant film 
and the organic low dielectric constant film. This Suggests 
that the cleaning liquid composition does not cause any struc 
tural change in either of the low dielectric constant films. It 
has been confirmed from this that in a post-dry etching clean 
ing treatment using the cleaning liquid composition of the 
present invention, an increase in dielectric constant of a low 
dielectric constant film due to structural change can be Sup 
pressed. 

Evaluation Test—4 

0106 The etching characteristics of the cleaning liquid 
composition toward a low dielectric constant film were evalu 
ated. 

0107 Here, a treatment substrate in which an SiOC low 
dielectric constant film was formed on a silicon wafer and a 
treatment Substrate in which an organic low dielectric con 
stant film formed from an arylether compound was formed on 
a silicon wafer were prepared. The total film thickness of the 
treatment Substrates was measured using an interferometric 
film thickness measurement system (Nanospec AFT manu 
factured by Nanometrics). Subsequently, these treatment sub 
strates were immersed in a cleaning liquid composition (25° 
C.) for 10 to 30 minutes, followed by rinsing with running 
Superpure water and drying. The constitution of the cleaning 
liquid composition was NHF=1.5 mass %, glyoxylic acid=0. 
03 mass %, and triammonium citrate=1.0 mass %. Following 
this, the total film thickness of the treated substrates was 
measured again using the interferometric film thickness mea 
surement system. The etching rate for the low dielectric con 
stant film was calculated from the film thicknesses before and 
after the cleaning posttreatment with the cleaning liquid com 
position. FIG. 13 shows the results of calculation of the etch 
ing rate with respect to the immersion time in the cleaning 
liquid composition. 
0108. From the results shown in FIG. 13, it has been con 
firmed that the etching rate for each of the low dielectric 
constant films is within the error limits of the measurement 
system, and the cleaning liquid composition having the con 
stitution of the present invention does not etch any of the low 
dielectric constant films. In a post-dry etching cleaning treat 
ment using the cleaning liquid composition having the con 

Post-dry etching cleaning liquid composition (mass %) 
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stitution of the present invention, degradation of the etched 
shape of the low dielectric constant film can be prevented. 
Evaluation Test—5 

0109. A substrate that had been subjected to an ashing 
treatment after dry etching was subjected to a cleaning post 
treatment using cleaning liquid compositions of each of the 
Examples and the corresponding Comparative Examples, and 
the removal characteristics of a photoresist residue, corrosion 
of a metal material, and Susceptibility to etching of an insu 
lating film were evaluated. 
0110. As a treatment substrate for this cleaning posttreat 
ment, a substrate that had been subjected to the following 
process was used. That is, after an interlayer insulating film 
(SiOC low dielectric constant film) was formed on a substrate 
in which Cu damascene wiring was formed on a silicon wafer 
using tantalum (Ta) as a barrier metal, a resist pattern was 
formed on this interlayer insulating film by lithography. A via 
hole extending to the Cu damascene wiring was Subsequently 
formed by dry etching using this resist pattern as a mask, and 
the resist pattern was then removed by an ashing treatment. 
By so doing, a treatment Substrate on the Surface of which a 
polymer residue and a photoresist residue had been formed 
was obtained. 
0111 Such a treatment substrate was subjected to a clean 
ing posttreatment using the cleaning liquid compositions of 
each of the Examples and the Comparative Examples. In this 
cleaning posttreatment, the treatment Substrates after being 
Subjected to the ashing treatment were immersed in the clean 
ing liquid compositions (25°C.) for 3 minutes, followed by 
rinsing with running Superpure water and drying. 
0112. With regard to the treatment substrates that had been 
Subjected to cleaning posttreatment, the ability to remove the 
polymer residue and the photoresist residue, the corrosion of 
Cu damascene wiring (copper), and the Susceptibility to etch 
ing of the SiOC low dielectric constant film were confirmed 
by an electron microscope. 
0113 Table 3 below shows the constitution and the results 
for each of the evaluation tests of the cleaning liquid compo 
sitions of Examples 17 to 28 and the constitution and the 
results for each of the evaluation tests of the treatment liquids 
of Comparative Examples 14 to 16. Comparative Examples 
14 and 15 are resist removers referred to in JP, A, 2003 
280219, and Comparative Example 16 is a resist remover 
referred to in JP, A, 2003-167360. 

TABLE 3 

Removability *4 Susceptibility to etching *5 

Glyoxylic Copper Via hole Corrosion SiOC low dielectric constant 
Fluorine compound acid Organic acid salt surface side wall Copper film 

Ex. 17 NHF O.2 0.06 Triammonium citrate O.S A. A. A. A. 
Ex. 18 NHF O.2 0.06 Triammonium citrate 1.O A. A. A. A. 
Ex. 19 NHF 1.O 0.06 Triammonium citrate O.S A. A. A. A. 
Ex. 20 NHF 1.O 0.06 Triammonium citrate 1.O A. A. A. A. 
Ex. 21 NHF 1.8 0.06 Triammonium citrate 1.O A. A. A. A. 
Ex. 22 NHF 1.8 0.06 Triammonium citrate 2.0 A. A. A. A. 
Ex. 23 NHF 1.8 0.15 Triammonium citrate 1.O A. A. A. A. 
Ex. 24 NHF 1.8 0.15 Triammonium citrate 2.0 A. A. A. A. 
Ex. 25 TMAH*1 - HF O.S 0.06 Triammonium citrate 1.O A. A. A. A. 
Ex. 26 MEA 2 - HF O.S 0.06 Triammonium citrate 1.O A. A. A. A. 
Ex. 27 NHF O.S 0.06 Ammonium oxalate 1.O A. A. A. A. 
Ex. 28 NHF O.S 0.06 Ammonium tartarate 1.O A. A. A. A. 
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TABLE 3-continued 

Post-dry etching cleaning liquid 

composition (mass %) 

Comp. Ex. 14 NHF 0.2 Glyoxylic acid O.O3 B 
Comp. Ex. 15 NHF 0.2 Glyoxylic acid O.09 B 
Comp. Ex. 16 Oxalic 3.4 Glyoxylic acid O.1 A. 

acid 

* 1: TMAH... tetramethylammonium hydroxide 
* 2: MEA... monoethanolamine 
*4: A... good, B. . . Some remaining, C. ... impossible to remove 

Removability *4 

Copper surface Via hole side wall 

Susceptibility to etching *5 
Corrosion SiOC low dielectric constant 

Copper film 

A. A. C 
A. A. C 
C A. A. 

*5: A... (corrosion, etching) none, B... (corrosion, etching) slight, C. ... (corrosion, etching) some 

0114. As shown in Table 3, it has been confirmed that, in a 
cleaning posttreatment using the cleaning liquid composi 
tions of Examples 17 to 28, the polymer residue and the 
photoresist residue formed by dry etching can be removed 
sufficiently from the copper (Cu) surface and the via hole side 
wall. It has also been confirmed that corrosion of the copper 
(Cu) surface can be prevented. It has also been confirmed that 
the susceptibility to etching of the SiOC low dielectric con 
stant film can be suppressed sufficiently. In contrast, with 
regard to the cleaning liquid compositions having a constitu 
tion other than that of the present invention, none among the 
ability to remove the polymer residue and the photoresist 
residue, the effect in preventing copper (Cu) from being cor 
roded, and the effect in Suppressing etching of the low dielec 
tric constant film could be obtained adequately. 
What is claimed is: 
1. A process for fabricating a semiconductor device, the 

process comprising: 
a step of cleaning, using a post-dry etching cleaning liquid 

composition, a Substrate that has been Subjected to ash 
ing removal of a mask pattern after dry etching through 
the mask pattern, 

wherein the substrate is provided with a wiring material 
formed from at least one of copper and a copper alloy, 
and an interlayer insulating film formed from at least one 
of a low dielectric constant film and siliconoxide, which 
are exposed by dry etching, 

wherein the post-dry etching cleaning liquid composition 
comprises at least one type of fluorine compound, gly 
oxylic acid, at least one type of organic acid salt, and 
Water. 

2. The process for fabricating a semiconductor device 
according to claim 1, wherein the post-dry etching cleaning 
liquid composition comprises: 

from 0.1 to 5 mass % of at least one type of fluorine 
compound; 

from 0.01 to 1 mass % of glyoxylic acid; 
from 0.1 to 10 mass % of at least one type of organic acid 

salt; and 
Water. 
3. The process for fabricating a semiconductor device 

according to claim 1, wherein the fluorine compound is 
ammonium fluoride. 

4. The process for fabricating a semiconductor device 
according to claim 1, wherein the organic acid salt is at least 
one of ammonium oxalate, ammonium tartrate, ammonium 
citrate, and ammonium acetate. 

5. The process for fabricating a semiconductor device 
according to claim 1, wherein the cleaning liquid composition 
further comprises a surfactant. 

6. The process for fabricating a semiconductor device 
according to claim 1, wherein the cleaning liquid composition 
contains no organic solvent. 

7. A process for fabricating a semiconductor device, the 
process comprising: 

a step of patterning an insulating film formed above a 
Substrate by dry etching through a mask pattern formed 
on the insulating film; and 

a step of cleaning, as a post-patterning treatment using a 
post-dry etching cleaning liquid composition, the Sub 
strate that has been subjected to the patterning of the 
insulating films, 

wherein the substrate is provided with a wiring material 
formed from at least one of copper and a copper alloy, 
and an interlayer insulating film formed from at least one 
of a low dielectric constant film and silicon oxide, which 
are exposed by dry etching, 

wherein the post-dry etching cleaning liquid composition 
comprises at least one type of fluorine compound, gly 
oxylic acid, at least one type of organic acid salt, and 
Water. 

8. The process for fabricating a semiconductor device 
according to claim 7, wherein the post-dry etching cleaning 
liquid composition comprises: 

from 0.1 to 5 mass % of at least one type of fluorine 
compound; 

from 0.01 to 1 mass % of glyoxylic acid; 
from 0.1 to 10 mass % of at least one type of organic acid 

salt; and 
Water. 
9. The process for fabricating a semiconductor device 

according to claim 7, wherein the insulating film is formed 
using a low dielectric constant material. 

10. The process for fabricating a semiconductor device 
according to claim 7, wherein the insulating film is formed 
from a low dielectric constant film with an inorganic material 
film thereon. 

11. The process for fabricating a semiconductor device 
according to claim 7, wherein the mask pattern is formed 
from an inorganic material. 

12. The process for fabricating a semiconductor device 
according to claim 7, wherein a metal material layer beneath 
the insulating film is exposed by patterning of the insulating 
film. 

13. The process for fabricating a semiconductor device 
according to claim 7, wherein after the cleaning step an inner 
wall of a trench pattern formed by patterning of the insulating 
film is covered by a conductive thin film, and a conductive 
material is embedded within the trench pattern via the con 
ductive thin film. 


