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(57) ABSTRACT 

In cleaning a substrate Which has a metal material and a 
semiconductor material both exposed at the surface and 
Which has been subjected to a chemical mechanical polish 
ing treatment, the substrate is ?rst cleaned With a ?rst 
cleaning solution containing ammonia Water, etc. and then 
With a second cleaning solution containing (a) a ?rst com 
plexing agent capable of easily forming a complex With the 
oxide of said metal material, etc. and (b) an anionic or 
cationic surfactant. 
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FIG.1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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SUBSTRATE-CLEANING METHOD AND 
SUBSTRATE-CLEANING SOLUTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a substrate-clean 
ing method used for cleaning of a substrate Which has a 
metal material and a semiconductor material both exposed at 
the surface, as Well as to a substrate-cleaning solution used 
in the substrate-cleaning method. 

[0003] 2. Description of the Related Art 

[0004] In the process for formation of damascene inter 
connection and leveling of via hole, chemical mechanical 
polishing (CMP) has been in Wide use in recent years. 

[0005] CMP is a technique used for leveling of ?lm, 
Wherein a Wafer having an inter-layer insulating ?lm and a 
metal material ?lm formed thereon is pressed against a buff 
(a cloth) and rotated While feeding a slurry (a mixture of 
abrasive particles and a chemical reagent) and thereby the 
inter-layer insulating ?lm and the metal material ?lm are 
polished and leveled by the combination of a chemical 
action and a mechanical action. 

[0006] When a metal interconnection or the like is formed 
on a substrate by CMP, a large amount of impurities remain 
on the silicon oxide ?lm and the metal region after the CMP, 
and this becomes a problem. For example, in CMP of 
tungsten (W), there is used, for good polishing rate and 
processing accuracy, a solution Which is a mixture of (1) a 
mixed solution of aqueous hydrogen peroxide and an oxi 
diZing agent (Fe) and (2) an abrasive (silica particles or 
alumina particles); after the blanket W has been removed by 
CMP, a large amount of particles (silica particles, alumina 
particles, etc.) and metal impurities (Fe contaminant, etc.) 
remain on the exposed surface of silicon oxide ?lm. Ordi 
narily, the number of remaining silica particles or alumina 
particles is 30000 per Wafer or more and the atoms of 
remaining Fe is 1012 per cm2 or more. 

[0007] Remaining of impurities on Wafer gives rise to 
cross-contamination in the subsequent steps (eg the step for 
formation of inter-layer insulating ?lm, the step for forma 
tion of interconnection, etc.), and this becomes a problem. 
For example, the inside of a CVD apparatus (Where an 
inter-layer insulating ?lm is formed) is contaminated, or 
disconnection of aluminum interconnection is invited. 
Therefore, it is strongly desired to develop a method for 
ef?ciently removing, by cleaning, the impurities remaining 
on a Wafer after CMP. 

[0008] Thus, When a substrate is subjected to CMP, it is 
necessary to ef?ciently remove, by cleaning, the impurities 
adhering to the substrate after the CMP. This necessity exists 
in cleaning of all substrates having a metal interconnection, 
a via hole, etc. formed thereon. For such substrate cleaning, 
so-called RCA cleaning is in Wide use. The RCA cleaning 
comprises (1) a step of removing particles by cleaning With 
ammonia-aqueous hydrogen peroxide and (2) a step of 
removing metal impurities by the use of hydrochloric acid 
aqueous hydrogen peroxide, DHF (diluted hydro?uoric 
acid)), citric acid or the like. Thus, in the RCA cleaning, the 
cleaning is conducted in tWo steps and thereby the particles 
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and metal impurities remaining on a substrate can be ef? 
ciently removed Without impairing the substrate. 

[0009] Further, there is disclosed, in JP-A-10-72594, a 
method for cleaning of a substrate having a metal intercon 
nection or the like formed thereon, by using a cleaning 
solution containing (a) an organic acid such as citric acid, 
oxalic acid or the like and (b) a complexing agent such as 
aminopolycarboxylic acid or the like. In the method, par 
ticles and metal impurities are said to be removed Without 
causing the corrosion of metal interconnection or impairing 
the surface ?atness of semiconductor substrate. 

[0010] MeanWhile, in JP-A-8-187475 is disclosed a 
method for cleaning of a silicon substrate by using a 
cleaning solution containing a surfactant (this method is 
different from the method for cleaning of a substrate having 
a metal interconnection formed thereon). 

[0011] The above-mentioned conventional cleaning tech 
niques, hoWever, have had the folloWing problems. 

[0012] In the conventional RCA cleaning, metal impurities 
are removed by the second cleaning (acid cleaning). When 
the acid used in the acid cleaning is hydrochloric acid 
aqueous hydrogen peroxide or DHF (diluted hydro?uoric 
acid), the acid has too strong a dissolving poWer for metals 
and corrodes the metal interconnection or the like exposed 
at the substrate surface. MeanWhile, When the acid used in 
the acid cleaning is citric acid, the acid hardly causes the 
above problem, but is insufficient in cleaning poWer and, in 
some cases, has been unable to completely remove the metal 
impurities present on the substrate. In the case of citric acid, 
there has also been a problem in that a large amount of citric 
acid must be used for securing a suf?cient cleaning poWer, 
making high the TOC (total organic carbon) of the used 
cleaning solution. 

[0013] In the conventional RCA cleaning, there has further 
been a problem in that the ?rst cleaning (alkali cleaning) 
invites the adhesion of metal impurities to substrate surface, 
making dif?cult the removal of the adhered metal impurities. 
This problem is explained beloW on the case of a silicon 
substrate having a copper interconnection formed thereon. 
When the ?rst cleaning (alkali cleaning) has been conducted 
by brush-cleaning With ammonia Water (concentration: 0.1 
to 2% by Weight), the Cu interconnection exposed on the 
substrate surface is etched and pits may be formed in the Cu 
interconnection ?lm. This happens because the ammonia 
Water forms an ammonia complex With Cu and thereby the 
dissolution of Cu takes place. Since the Cu interconnection 
?lm is in the form of polycrystal, the etching rate is larger 
in the grain boundaries and pits are formed. When metal 
impurities adhere onto the pits, the metal impurities are very 
dif?cult to remove by the second step (acid cleaning). In 
?lling W or Cu in the groove or plug of substrate, pores may 
be formed inside the W or Cu ?lled in the groove or plug. 
Once impurities such as particles and metals enter the pores 
during CMP, they are dif?cult to remove by cleaning. 

[0014] When a metal Wring or the like is formed by CMP, 
the removal of the metal impurities adhering to the metal 
region of substrate after CMP is dif?cult also for other 
reason. This matter is explained beloW. 

[0015] When a metal interconnection or the like is formed 
by CMP, so-called dishing takes place ordinarily. The dish 
ing is a phenomenon that a dent is generated at the center of 
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the surface of a ?lled conductive ?lm. FIG. 9 is drawings 
showing a state in Which a dished part 23 has been generated 
in the formation of a Cu interconnection 1 by CMP. An 
inter-layer insulating ?lm 3 is formed on a silicon substrate 
4; in a given portion of the inter-layer insulating ?lm 3 is 
?lled a Cu interconnection 1 via a barrier ?lm 2 (a TiN 
layer). In the step of formation of this Cu interconnection 1, 
the unnecessary parts of the Cu interconnection 1 and the 
barrier ?lm 2 (a TiN layer) are removed by CMP; at that 
time, the center of the surface of the Cu interconnection 1 is 
polished and dented and, as a result, a dished part 23 is 
generated. The dished part 23 appears because the polishing 
rate of Cu is far greater than that of TiN. In other Words, 
When TiN on the inter-layer insulating ?lm 3 is removed, the 
polishing of Cu layer (this layer has a larger polishing rate 
than TiN) proceeds excessively and thereby dishing takes 
place. In order to completely remove the unnecessary part of 
TiN, slight overetching is necessary and, therefore, dishing 
appears more or less in many cases. Dishing is striking When 
the length of conductive layer (i.e. the length of intercon 
nection) is large. 

[0016] Generation of dished part invites adhesion of impu 
rities thereto and the removal of the adhered impurities 
becomes dif?cult. 

[0017] Generation of dished part may incur formation of a 
different level part at the boundary betWeen the barrier and 
the ?lled conductive ?lm (see the enlarged vieW of FIG. 9). 
Impurities (e.g. particles and metals) adhere easily to this 
different level part and the adhered impurities are dif?cult to 
remove by later cleaning. 

[0018] Thus, When CMP is applied to a substrate having a 
metal interconnection layer or a via hole, a dished part is 
generated, making very difficult the removal of particles and 
metal impurities. That is, the impurities adhering to the 
dished part of metal ?lm or the different level part betWeen 
barrier ?lm and metal ?lm are not removed by conventional 
acid cleaning; even When physical cleaning (e.g. brush 
cleaning using a rapidly rotating brush) is used in combi 
nation With the acid cleaning, the shear force of the brush 
does not reach the dished part and no suf?cient removal is 
attained. 

[0019] MeanWhile, in the cleaning method described in 
JP-A-10-72594, a complexing agent such as aminopolycar 
boxylic acid or the like is used to achieve improved removal 
of metal impurities. In this cleaning method, hoWever, no 
sufficient cleaning is obtained for the ever increasing 
requirements for substrate cleaning, and removal of, in 
particular, the metal impurities adhering to the dished part 
after CMP is very dif?cult. 

[0020] As described above, When a substrate having a 
metal interconnection or the like is subjected to CMP and 
then cleaned, there is a problem Which does not exist in 
cleaning of a substrate having no metal interconnection or 
the like, because the former substrate has an exposed metal 
region and a dished part is generated in the metal region. 

[0021] Further, When a substrate having a metal intercon 
nection or the like is subjected to CMP and then cleaned by, 
for example, the above-mentioned RCA cleaning, ordinarily 
particles are removed by the ?rst step (alkali cleaning) and 
metal impurities are removed by the second step (acid 
cleaning); in this case, there is another problem Which does 
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not exist in cleaning of a substrate having no metal inter 
connection or the like, because pits are generated in the 
metal region of the former substrate. 

[0022] The conventional RCA cleaning and the cleaning 
described in JP-A-10-725 94 provide no suf?cient solution to 
the above-mentioned problems. The cleaning method 
described in JP-A-8-187475, Which is for cleaning of a 
substrate having no exposed metal region, provides no 
solution for the above problems Which exist in cleaning of 
a substrate having an exposed metal region. 

[0023] The present invention aims at providing a sub 
strate-cleaning method Which ef?ciently removes the par 
ticles and metal impurities present on a substrate having a 
metal material and a semiconductor material both exposed at 
the surface, particularly the metal impurities adhering to the 
surface of the metal region of the substrate and Which can 
achieve higher cleanliness of substrate than before. 

SUMMARY OF THE INVENTION 

[0024] According to the present invention there is pro 
vided a substrate-cleaning method used for cleaning of a 
substrate Which has a metal material and a semiconductor 
material both exposed at the surface and Which has been 
subjected to a chemical mechanical polishing treatment With 
a polishing solution, said method comprising the steps of: 

[0025] (A) a ?rst step of cleaning said substrate With a ?rst 
cleaning solution containing ammonia Water or an aqueous 
catholyte generated in electrolysis, and 

[0026] (B) a second step of cleaning the substrate after the 
?rst step (A) With a second cleaning solution containing (a) 
a ?rst complexing agent capable of easily forming a com 
plex With the oxide of said metal material or the oxide of the 
metal contained in said polishing solution, and (b) an anionic 
or cationic ?rst surfactant. 

[0027] According to the present invention there is further 
provided a substrate-cleaning solution used for cleaning of 
a substrate Which has a metal material and a semiconductor 
material both exposed on the surface, Which cleaning solu 
tion contains (a) a ?rst complexing agent capable of easily 
forming a complex With the oxide of said metal material and 
(b) an anionic or cationic surfactant. 

[0028] According to the present invention there is further 
more provided a substrate-cleaning solution used for clean 
ing of a substrate Which has a metal material and a semi 
conductor material exposed on the surface and Which has 
been subjected to a chemical mechanical polishing treatment 
With a polishing solution, Which cleaning solution contains 
(a) a ?rst complexing agent capable of easily forming a 
complex With the oxide of said metal material, (b) an anionic 
or cationic surfactant, and (c) a second complexing agent 
capable of easily forming a complex With the metal impu 
rities remaining on the surface of the substrate subjected to 
the chemical mechanical polishing treatment. 

[0029] The second cleaning solution used in the substrate 
cleaning method of the present invention and the substrate 
cleaning solution of the present invention contain an anionic 
or cationic surfactant. This surfactant functions so as to (1) 
make hydrophilic the surface of the substrate to be cleaned 
and make easy the detachment of the metal impurities 
present on the surface, from the surface and (2) prevent the 
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readhesion of the detached metal impurities to the substrate 
surface. The second cleaning solution used in the substrate 
cleaning method of the present invention and the substrate 
cleaning solution of the present invention further contain a 
?rst complexing agent capable of easily forming a complex 
With the metal material exposed at the substrate surface. This 
complexing agent functions so as to make easy the detach 
ment of the metal impurities present on the substrate surface, 
from the surface and acts effectively particularly on the 
metal impurities adhering to the metal region of the sub 
strate. The complexing agent adheres easily particularly to 
metals. The complexing agent can ef?ciently remove, in 
particular, the metal impurities adhering to the pit generated 
in the metal region as a result of the alkali treatment [the ?rst 
step and the metal impurities adhering to the dished part 
of the metal region formed by CMP. Further, the complexing 
agent can make easy the removal of the metal impurities 
present in the pore Which may be formed inside the metal 
region ?lled in the groove or hole of substrate and can 
effectively prevent the readhesion of the impurities. The 
surfactant used in the present invention makes adequately 
hydrophilic the surfaces of the pit, the dished part and the 
pore, and its synergism With the complexing agent promotes 
the detachment of metal impurities. Further, the surfactant 
covers the surfaces of the metal impurities detached and 
thereby can prevent the readhesion of the impurities to the 
metal region. 

[0030] The surfactant can exhibit a high cleaning effect 
When used in combination With the complexing agent. When 
the surfactant is used singly, no suf?cient cleaning effect is 
obtainable and the removal of the metal impurities adhering 
to the substrate metal region is difficult. 

[0031] As described above in 2. Description of the Related 
Art, the technique of using a surfactant in cleaning a silicon 
substrate is already knoWn. In contrast, the present invention 
has a feature in that a combination of a surfactant and a 
complexing agent is used in cleaning of a substrate having 
a metal material exposed at the surface. This combined use 
of a surfactant and a complexing agent can exhibit an 
excellent effect for removal of the metal impurities adhering 
to the metal region of substrate, Which effect has been 
unobtainable With the single use of a surfactant or a com 
plexing agent. The combination of a surfactant and a com 
plexing agent exhibits a noticeable effect for removal of, in 
particular, the metal impurities adhering to the pit generated 
by the ?rst cleaning using an alkali and the metal impurities 
adhering to the dished part generated in CMP. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a draWing shoWing the How sequence of 
an example of the substrate-cleaning method of the present 
invention. 

[0033] FIG. 2 is schematic draWings explaining the sub 
strate-cleaning method of the present invention. 

[0034] FIG. 3 is a draWing explaining the surface condi 
tion of a Wafer to be cleaned by the substrate-cleaning 
method of the present invention. 

[0035] FIG. 4 is a draWing explaining the surface condi 
tion of a Wafer to be cleaned by the substrate-cleaning 
method of the present invention. 

[0036] FIG. 5 is draWings explaining a production process 
of a substrate to be cleaned by the substrate-cleaning method 
of the present invention. 
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[0037] FIG. 6 is draWings explaining a production process 
of a substrate to be cleaned by the substrate-cleaning method 
of the present invention. 

[0038] FIG. 7 is a graph shoWing the number of the total 
particles remaining on the Water after the ?rst step of the 
substrate-cleaning method of the present invention. 

[0039] FIG. 8 is a graph shoWing the concentration of the 
metal contaminants (metal impurities) remaining on the 
Water after the second step of the substrate-cleaning method 
of the present invention. 

[0040] FIG. 9 is sectional vieWs of a substrate explaining 
a state that dishing has appeared after CMP. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] In the present invention, an anionic or cationic 
surfactant is used. As the anionic surfactant, there are used 
surfactants of carboxylic acid type, sulfonic acid type, 
sulfuric ester type or the like. That is, there are used acids 
having —COOH group, —SO3H group or —OSO3H group, 
and salts thereof. The salts are preferably ammonium salts 
and primary, secondary or tertiary amine salts, all of Which 
have small adverse effects on the quality of the semicon 
ductor device to be cleaned. 

[0042] As speci?c examples of the anionic surfactant, 
there are mentioned C12H25O(CH2CH2O)2SO3H, 
C9H19PhO(CH2CH2O)4SO3H (Ph refers to phenylene 
group), C12H25O(CH2CH2O)4SO3H, and ammonium salts 
or primary, secondary or tertiary amine salts thereof. Of 
these surfactants, particularly preferred are ammonium salts 
or primary, secondary or tertiary amine salts of sulfuric 
esters, all of Which have high removability for the metal 
impurities adhering to the metal region of substrate. 

[0043] As the cationic surfactant, there are mentioned, for 
example, C8H17N(CH3)3Br and C12H25N(C2H5)(CH3)2Br. 
[0044] In the present invention, the amount of the anionic 
or cationic surfactant used is appropriately determined 
depending upon the kind of the surfactant used; hoWever, the 
amount is preferably 1 to 1000 ppm, more preferably 10 to 
500 ppm relative to the Weight of the substrate-cleaning 
solution used. When the amount is too small, no suf?cient 
cleaning effect is obtained in some cases. When the amount 
is too large, disposal of the used cleaning solution is difficult 
in some cases. 

[0045] The ?rst cleaning solution used in the ?rst step of 
the substrate-cleaning method of the present invention, 
preferably contains an anionic or cationic surfactant. 
Thereby, the particles removal in the ?rst step becomes more 
effective. Further, use of such a surfactant in the ?rst step can 
make adequately hydrophilic the surface of the substrate to 
be subjected to the second step and can make more effective 
the metal impurities removal conducted in the second step. 
As the surfactant used in the ?rst step can be the same as 
mentioned above. In the Examples described later, there are 
shoWn cases Wherein the same surfactant is used in the ?rst 
cleaning step and the second cleaning step. HoWever, the 
surfactants used in these tWo cleaning steps need not be 
restricted to the same kind, and it is desired to select the 
surfactant used in each step, so as to have good matching 
With the cleaning solution used. For example, When the 
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cleaning solution is an ammonia type, it is preferable to 
select a surfactant having good matching With the ammonia 
type; When the cleaning solution contains oxalic acid, it is 
preferable to select a surfactant having good matching With 
oxalic acid. Thereby, metal impurities can be removed at a 
higher ef?ciency. 

[0046] In the present invention, a carboxylic acid or a salt 
thereof can preferably be used as the ?rst complexing agent. 
The carboxylic acid or the salt thereof is preferably at least 
one compound selected from oxalic acid, citric acid, malic 
acid, maleic acid, succinic acid, tartaric acid, malonic acid 
and slats thereof. 

[0047] In the present invention, “metal material” refers to, 
for example, a metal material ?lled in the interconnection 
groove or via hole of substrate. The metal material is, for 
example, tungsten, copper or aluminum. 

[0048] In the present invention, the “substrate” to be 
cleaned refers to a substrate having a metal material and a 
semiconductor material both exposed at the surface. For 
example, it is a substrate Which is made of silicon or other 
semiconductor material and Which has an insulating ?lm 
(eg a silicon oxide ?lm), a metal ?lm, etc. all formed 
thereon. It is preferably a substrate having thereon an 
inter-layer insulating ?lm in Which a metal material-?lled 
groove or hole is formed. When such a substrate is used, 
removal of metal impurities is dif?cult oWing to the forma 
tion of pits mentioned above, etc.; therefore, the effect of the 
present invention is exhibited strikingly. Also, When the 
substrate to be cleaned is a substrate Wherein a barrier ?lm 
is formed on the inner Wall of the groove or hole and a metal 
material-made ?lm is formed on the barrier ?lm, removal of 
metal impurities is dif?cult oWing to the formation of dished 
part during CMP; therefore, the effect of the present inven 
tion is exhibited strikingly. 

[0049] Preferably a substrate-cleaning solution of the 
present invention used for cleaning of a substrate does not 
contain a component Which gives some damage to metal 
material exposed at the surface of a substrate. Examples of 
the components are hydrogen peroxide, hydro?uoric acid. 
The substrate-cleaning solution of the present invention can 
consist of the folloWing component (a), (b) and Water or 
consist of the folloWing component (a), (b), (C) and Water. 

[0050] (a) a ?rst complexing agent capable of easily 
forming a complex With the oxide of said metal mate 
rial 

[0051] (b) an anionic or cationic surfactant 

[0052] (c) a second complexing agent capable of easily 
forming a complex With the metal impurities remaining 
on the surface of the substrate subjected to the chemical 
mechanical polishing treatment 

[0053] Hereinafter, preferred embodiments of the present 
invention are described. In the folloWing description, “ppm” 
refers to ppm relative to the Weight of the cleaning solution 
used, unless otherWise speci?ed. 

First Embodiment 

[0054] In FIG. 3 is shoWn the surface condition of a Wafer 
to be cleaned in the present embodiment. This Wafer has an 
inter-layer insulating ?lm 3 (made of SiO2) in Which grooves 
for interconnection are formed. In the grooves, a Cu inter 
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connection 1 is formed via a barrier ?lm 2. FIG. 3 shoWs a 
state after formation of a Cu ?lm by plating or CVD, 
subsequent CMP, and particles removal. 

[0055] As the inter-layer insulating ?lm 3, there can be 
used, besides a conventional silicon oxide ?lm, a loW 
dielectric constant ?lm capable of reducing the electrostatic 
capacity C of the inter-layer insulating ?lm 3, to achieve a 
higher speed of device. Such a loW dielectric constant ?lm 
has a relative dielectric constant of k=1.8 to 3.5 at most as 
compared With k=3.9 to 4.2 possessed by conventional 
silicon oxide ?lm. Usable examples of the loW dielectric 
constant ?lm are organic ?lm such as benZocyclobutene 
(BCB) ?lm, Parylene-N ?lm, CYTOP ?lm and the like; 
inorganic ?lms such as Xerogel ?lm, HSQ (hydrogen silis 
esquioxane) ?lm and the like; and organic-inorganic com 
pound ?lms such as HMO (hydrogen peroxide/methylsi 
lane-based CVD) ?lm and the like. Of these, preferred is a 
HSQ ?lm (k=2.8 to 3.2) for its stable performance. 

[0056] The barrier 2 is preferably made of Ta, TiN or the 
like and is formed by means of PVD, CVD or the like. After 
the ?lm 2 has been formed, a Cu ?lm is formed thereon by 
means of CVD, PVD, plating or the like. Then, in order to 
remove the unnecessary portions of the Cu ?lm and the 
barrier ?lm 2, chemical mechanical polishing (i.e. CMP) is 
conducted using an abrasive containing abrasive particles 7a 
and an antioxidant, until the inter-layer insulating ?lm 3 is 
exposed; thereby, the Cu layers are insulated from each other 
by the inter-layer insulating ?lm and a Cu interconnection 1 
is formed. 

[0057] In CMP conducted for a substrate having an 
exposed Cu region (this CMP is hereinafter abbreviated to 
“Cu-CMP”), there is used in many cases, as the abrasive, a 
solution Which is a mixture of (1) a solution containing an 
antioxidant (e.g. aqueous hydrogen peroxide or iron nitrate) 
and (2) alumina particles. When such a solution is used, 
there remain, on the Whole surface of the Wafer after CMP, 
alumina particles 7a and 7b (30000 particles or more per 
Wafer). The Cu removed by CMP is oxidiZed by aqueous 
hydrogen peroxide and becomes CuOX (referred to Cu par 
ticles), and Cu particles 6a (of 1012 atoms/cm2 or more) 
remain on the upper surface of the Wafer. When the cleaning 
solution contains K or Fe, there also appears a K or Fe 
contaminant. To the loWer surface of the Wafer adheres a Cu 
?lm4 at the time of Cu ?lm formation, and Cu particles 6b 
(10 atoms/cm2 or more) or a Cu ?lm 5 remains. These 
particles and metal impurities must be cleaned Without 
damaging the Cu interconnection. 

[0058] The alumina particles derived from the abrasive, 
remaining on the Wafer can be removed even by brush 
cleaning. MeanWhile, other contaminants such as Cu and the 
like must be removed chemically Without impairing the Cu 
interconnection region. Therefore, these tWo kinds of 
removals are desired to be made in different steps. Hence, in 
the present embodiment, there are conducted (1) a ?rst step 
of removing particles (e.g. alumina particles) by cleaning 
using ammonia Water, and (2) a second step of removing 
metal impurities using a cleaning solution containing a 
carboxylic acid and an anionic surfactant. Thereby, metal 
impurities, etc. are removed effectively Without impairing 
the Cu interconnection region of Wafer. 

[0059] To begin With, description is made on the ?rst step 
of removing remaining particles such as alumina particles 
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and the like. In the ?rst step, it is preferred that in order to 
suppress the readhesion of detached particles to the Wafer, 
the Wafer surface and the particle surfaces are allowed to 
have the same polarity and electrically repel each other. 
From this standpoint, there is used, in the ?rst step, a ?rst 
cleaning solution containing ammonia Water or the like. By 
using such a cleaning solution, the Wafer surface and the 
particle surfaces can have the same polarity and repel each 
other electrically, and the readhesion of detached particles to 
the Wafer can be suppressed. Addition of an anionic or 
cationic surfactant to the ?rst cleaning solution can make 
larger the electrical repellence betWeen the Wafer surface 
and the particle surfaces and can suppress the readhesion of 
detached particles to the Wafer more effectively. The amount 
of the surfactant added to the cleaning solution is preferably 
1 to 1000 ppm. 

[0060] Preferably, ammonia Water is used as the ?rst 
cleaning solution, because ammonia Water hardly gives rise 
to the surface contamination of semiconductor material. 
Since Cu easily forms a complex With ammonia Water of 
high concentration and dissolves therein, the concentration 
of ammonia Water used is preferably 0.0001 to 0.5% by 
Weight, more preferably 0.0005 to 0.01% by Weight. When 
the concentration of ammonia Water is too loW, no suf?cient 
cleaning effect is obtained. When the concentration is too 
high, the surface of Cu gets rough, causing the deterioration 
of the performance of semiconductor device. When the 
metal material is W, the concentration of ammonia Water 
may be 0.0001 to 5% by Weight. 

[0061] As the ?rst cleaning solution, an aqueous catholyte 
generated in electrolysis may be used in place of ammonia 
Water. The aqueous catholyte generated in electrolysis refers 
to a solution generated at the cathode side of electrolysis 
When pure Water or Water containing a small amount (0.5% 
by Weight or less) of ammonium ion is subjected to elec 
trolysis. In obtaining an aqueous catholyte, a tWo-cell type 
electrolyZer is used generally (see, for example, Denki 
Kagaku Binran, 4th edition, p. 277, 1985). When pure Water 
is electrolyZed, a modi?ed electrolyZer thereof is used. The 
feed Water for aqueous catholyte, i.e. pure Water or Water 
containing a small amount (0.5% by Weight or less) of 
ammonium ion is fed to each electrolytic cell and a DC 
voltage is applied for electrolysis of the fed Water. The 
aqueous catholyte generated at the cathode side is neutral to 
Weakly alkaline but has a high reducing poWer oWing to the 
active hydrogen generated at the cathode; therefore, the 
aqueous catholyte, similarly to ammonia Water of high 
concentration, can make negative both the Wafer surface and 
the particle surfaces and can suppress the readhesion of 
particles to Wafer Without causing the etching of Cu ?lm. 

[0062] Also as the ?rst cleaning solution, a solution con 
taining dissolved hydrogen may be used in place of the 
above-mentioned ammonia Water or aqueous catholyte gen 
erated in electrolysis. The solution containing dissolved 
hydrogen refers to an aqueous solution obtained by dissolv 
ing hydrogen in pure Water or Water containing a small 
amount (0.5% by Weight or less) of ammonium ion. This 
dissolution of hydrogen is conducted by bubbling or the like. 

[0063] When the ?rst cleaning solution is an aqueous 
catholyte generated in electrolysis or a solution containing 
dissolved hydrogen, the redox potential thereof is set pref 
erably at —1000 to —300 mV, more preferably at —800 to 
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—600 mV When silver chloride is used as a reference 
electrode. The ammonia concentration in aqueous catholyte 
or solution containing dissolved hydrogen is preferably 
0.0005 to 0.01% and the amount of hydrogen dissolved 
therein is preferably 0.1 to 10 ppm. 

[0064] When the inter-layer insulating ?lm 3 is a loW 
dielectric constant ?lm (eg a SOG ?lm), etching or per 
formance reduction may take place oWing to the ammonia 
Water used as the ?rst cleaning solution. In this case, 
therefore, the ?rst cleaning solution used is preferably an 
aqueous catholyte obtained by electrolysis of pure Water, or 
a solution containing dissolved hydrogen. 

[0065] Next, description is made on the second step clean 
ing of the present embodiment. In the second step is used a 
second cleaning solution containing (a) a ?rst complexing 
agent capable of easily forming a chelate complex With the 
oxide of the metal material on substrate, (b) an anionic or 
cationic surfactant, and (c) a second complexing agent 
capable of easily forming a complex With the metal impu 
rities remaining on the substrate after CMP. The cleaning in 
the second step is conducted preferably by spin cleaning, but 
a mechanical cleaning using a brush may be used. 

[0066] As the ?rst complexing agent, a carboxylic acid, 
for example, oxalic acid can be used. Oxalic acid is capable 
of effectively forming a chelate complex With the Cu par 
ticles (CuOX) generated in Cu-CMP. MeanWhile, the Cu ?lm 
on Wafer has a metallic bond and hardly forms a complex 
With oxalic acid; therefore, the Cu ?lm is not etched. TiN, 
Ta, TaN or TaSiN (Which constitutes the barrier ?lm) forms 
no complex With oxalic acid and, therefore, is not etched. 
Thus, neither the Cu interconnection nor the barrier is etched 
(deteriorated) and the Cu particles remaining on the Wafer 
can be selectively removed. 

[0067] The Cu particles adhering onto the copper inter 
connection, hoWever, are not suf?ciently removed only by 
the etching action of oxalic acid. Hence, in the present 
embodiment, an anionic or cationic surfactant is used. By 
using this surfactant, it is possible to make adequately 
hydrophilic the surface of the copper interconnection and 
promote the detachment of the Cu particles adhering thereto. 
When, as in the present embodiment, Ta or TiN is used for 
the barrier ?lm 2 and Cu is used for the ?lled conductive 
?lm, dishing often appears (as a result, a dished part is 
generated) in the Cu interconnection 1 oWing to the differ 
ence in chemical mechanical polishing rate betWeen Ta or 
TiN and Cu. The Cu particles adhering to this dished part are 
generally dif?cult to remove. In the present embodiment, 
hoWever, these Cu particles, etc. can be removed easily 
because of the above-mentioned use of a surfactant in the 
second cleaning solution. Metal impurities (e.g. K, Ca, Ti, 
Cu and Zn) may remain on the Wafer after CMP, depending 
upon the kind of the policing solution (slurry) used in CMP 
and the kind(s) of the ?lm(s), etc. formed on the Wafer 
before CMP. These metals do not alWays form chelate 
complexes With the ?rst complexing agent. Hence, in the 
present embodiment, there is used, in addition to the ?rst 
complexing agent, a second complexing agent capable of 
easily forming a complex With the metal impurities remain 
ing on the Wafer after CMP. As the second complexing 
agent, a polyaminocarboxylic acid or ammonium ?uoride is 
used preferably. Preferable examples of the polyaminocar 
boxylic acid are compounds such as ethylenediaminetet 
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raacetic acid (EDTA), trans-1,2-cyclohexanediaminetet 
raacetic acid (CyDTA), nitrilotriacetic acid (NTA), 
diethylenetriaminepentaacetic acid (DTPA), N-(2-hydroxy 
ethyl)ethylenediamine-N,N‘,N‘-triacetic acid (EDTA—OH) 
and the like; and salts thereof. Use of a salt Which has no 
adverse effect on the properties of the semiconductor device 
produced, is preferred, and use of a metal-free salt (eg an 
ammonium salt) is particularly preferred. The concentration 
of the second complexing agent is preferably 1 to 10000 
ppm, more preferably 10 to 1000 ppm relative to the 
substrate-cleaning solution. When the concentration is too 
loW, no suf?cient complexing effect is obtained. When the 
concentration is too high, an organic substance remains on 
the substrate, inviting the performance deterioration of semi 
conductor device, or a higher cost is required for the disposal 
of the used cleaning solution. 

[0068] By using the second complexing gent, the metal 
impurities remaining on the Wafer after CMP can be 
removed and, by the synergistic effect of the second com 
pleting agent and the above-mentioned surfactant, the read 
hesion of the removed metal impurities to the Wafer can be 
prevented. 

[0069] The cleaning process shoWn in the present embodi 
ment enables effective removal of abrasive particles and 
metal contaminants (e.g. Cu) Without damaging the Cu 
interconnection and the barrier ?lm (made of TiN, Ta, TaN, 
TaSiN or the like) formed on the Wafer. 

Second Embodiment 

[0070] In FIG. 4 is shoWn the surface condition of a Wafer 
to be cleaned in the present embodiment. This Wafer has an 
inter-layer insulating ?lm 3 formed on a Si substrate 4. As 
the inter-layer insulating ?lm 3, there can be used a SiO2 ?lm 
or a SOG ?lm (eg a HSQ ?lm). In the inter-layer insulating 
?lm 3 is formed a interconnection ?lm 12 made of Al or Cu, 
and a barrier ?lm 11 and a W plug 10 are formed so as to 
contact With the interconnection ?lm 12. FIG. 4 shoWs a 
state after formation of a W ?lm by CVD, sputtering or the 
like, subsequent CMP, and particles removal. 

[0071] In W-CMP, there is often used, as the abrasive, a 
solution Which is a mixture of (1) a mixed solution of 
aqueous hydrogen peroxide and an antioxidant containing 
iron nitrate and (2) silica particles; on the Whole surface of 
the Wafer after CMP remain 30000 or more (per Wafer) 
abrasive particles (silica particles) 9a and 9b. On the upper 
surface of the Wafer appear Fe contaminants 8a of 1012 
atoms/cm2 or more. Depending upon the kind of the polish 
ing solution used, there also appear contaminants 8b of K, 
Cu, Ca, Ti, Zn, etc. These contaminants (particles and metal 
impurities) must be cleaned Without damaging the W plug. 

[0072] Next, the cleaning process of the present embodi 
ment is described. The process is basically the same as the 
cleaning process after Cu-CMP. 

[0073] In the ?rst step, in order to remove the particles 
remaining on the substrate after W-CMP, brush cleaning is 
conducted for the substrate using a ?rst cleaning solution, 
i.e. ammonia Water (0.0001 to 5% by Weight), an aqueous 
catholyte generated in electrolysis, or a solution containing 
dissolved hydrogen (ammonia concentration in aqueous 
catholyte or solution: 0 to 5% by Weight). Addition of an 
anionic or cationic surfactant to the cleaning solution can 
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make large the mutual electrical repellence betWeen the 
Wafer surface and the particles surface and can suppress the 
readhesion of removed particles to Wafer more effectively. 
The amount of the surfactant added is preferably 1 to 1000 

[0074] In the second step is used a cleaning solution 
containing (a) a ?rst complexing agent capable of easily 
forming a complex With the oxide of the metal contained in 
the polishing solution used in W-CMP and (b) an anionic or 
cationic surfactant. The cleaning is conducted preferably by 
spin cleaning, but mechanical cleaning using a brush may be 
conducted. 

[0075] As the ?rst complexing agent, a carboxylic acid, 
for example, an aqueous oxalic acid solution (0.01 to 5% by 
Weight) can be used. The ?rst complexing agent may also be 
a chemical solution containing at least one kind selected 
from oxalic acid, ammonium oxalate and polyaminocar 
boxylic acids. 

[0076] In W-CMP, there is often used a polishing solution 
conztaining iron nitrate. Therefore, the Fe contaminant of 
10 atms/cm2 or more derived from the iron nitrate must be 
removed effectively. The Fe contaminant remaining on the 
silicon oxide ?lm are in the form of FeOX. The oxalic acid 
contained in the ?rst complexing agent can form a complex 
With FeOX oWing to the chelating effect, Whereby the FeOX 
on the silicon oxide ?lm can be removed to some extent. 

[0077] HoWever, the abrasive particles and Fe contami 
nant adhering onto the W plug are not sufficiently removed, 
in some cases, only by the carboxylic acid contained in the 
?rst complexing agent. Hence, in the second step, an anionic 
or cationic surfactant is used together With the carboxylic 
acid. By using this surfactant, the surface of the W plug can 
be made adequately hydrophilic and the detachment of the 
metal impurities adhering on the W plug can be promoted. 
When there are formed, in the substrate, a barrier ?lm 2 
made of Ta or TiN and a ?lled conductive ?lm made of W, 
a dished part is often generated on the W plug 10 oWing to 
the difference in CMP rate betWeen Ta or TiN and W. The 
metal impurities adhering to this dished part are generally 
dif?cult to remove. In the present embodiment, hoWever, 
these metal impurities can be removed easily. Metal impu 
rities such as K, Ca, Ti, Cu, Zn, etc. may remain on the Wafer 
after W-CMP, depending upon the kind of the polishing 
solution (slurry) used in W-CMP and the kind(s) of the 
?lm(s), etc. formed on the Wafer after CMP. These metals do 
not alWays form chelate complexes With the ?rst complexing 
agent. Hence, as in the ?rst embodiment, a second complex 
ing agent may be used in the second cleaning solution, in 
addition to the ?rst complexing agent. The kind and con 
centration of the second complexing agent are the same as 
those in the ?rst embodiment. 

[0078] By using the cleaning process of the present 
embodiment, abrasive particles and metal contaminants (e.g. 
Fe) can be effectively removed Without damaging the W 
plug and barrier ?lm (made of TiN or Ta) formed on Wafer. 

Third Embodiment 

[0079] The present embodiment is a case of cleaning a 
Wafer having a Cu interconnection, subjected to Cu-CMP. 
The How sequence of the present embodiment is explained 
With reference to FIG. 1. 
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[0080] A Wafer after Cu-CMP is stored in Water by the 
loader of a cleaning apparatus in order to prevent the drying 
of the Wafer. Drying of Wafer makes difficult the removal of 
abrasive particles remaining thereon. The Water in loader is 
preferably a fresh pure Water Which is fed continuously. This 
is necessary because the antioxidant adhering to the Wafer 
may dissolve in Water and corrode the Cu interconnection of 
Wafer. Holding of Wafer in Water may be replaced by 
continuous Wetting of Wafer by shoWering. 

[0081] Since Cu is corroded easily as compared With W, 
etc., it is preferred that the Wafer after Cu-CMP is cleaned 
quickly and that the CMP apparatus and the cleaning appa 
ratus are connected so as to enable the quick cleaning. 

[0082] The cleaning is conducted in tWo steps as shoWn in 
FIG. 2. 

[0083] In the ?rst step is used a ?rst cleaning solution 
Which is a mixture of ammonia Water (0.001% by Weight, for 
example) and an anionic or cationic surfactant (100 ppm, for 
example), and brush cleaning is applied to the both sides of 
the Wafer for 20 to 60 seconds. Since the ?rst cleaning 
solution contains a surfactant as mentioned above, the Wafer 
surface and the surfaces of the alumina particles remaining 
on the Wafer are charged in the same polarity. As a result, 
they repel each other electricaly, Whereby the readhesion of 
alumina particles onto substrate is suppressed. Incidentally, 
the amount of the surfactant used in the ?rst cleaning 
solution is preferably 1 to 1000 ppm. 

[0084] The brush used in the ?rst step can be a roll-shaped 
brush as shoWn in FIG. 2 or a disc-shaped brush. Ammonia 
Water can be fed by dropping on the brush or by dropping on 
the Wafer in the vicinity of the brush. Or, it may be fed inside 
the brush. In the cleaning solution, an aqueous catholyte 
generated in electrolysis may be used in place of the 
ammonia Water. The aqueous catholyte is, for example, a 
pure Water catholyte having a pH of 7.0 and a redox potential 
of —650 mV (reference electrode: AgCl), obtained by elec 
trolysis of pure Water, or an ammonia-containing aqueous 
catholyte having a pH of 8.2 and a redox potential of —770 
mV, obtained by electrolysis of Water containing a small 
amount of ammonia. Also, an aqueous solution containing 
dissolved hydrogen, obtained by bubbling hydrogen through 
pure Water or dilute ammonia Water may be used in place of 
the ammonia Water. 

[0085] After the completion of the ?rst step, rinsing With 
pure Water is conducted for 5 to 20 seconds in order to 
remove the ?rst cleaning solution adhering on the both sides 
of the Wafer. 

[0086] In the second step, the Wafer is subjected to spin 
cleaning in order to remove the metal contaminants on the 
Wafer, using a second cleaning solution containing oxalic 
acid (0.5%, for example) and an anionic or cationic surfac 
tant (100 ppm, for example). The time of spin cleaning is 
about 15 to 30 seconds. Then, rinsing With pure Water is 
conducted for 10 to 30 seconds. Incidentally, the back side 
of the Wafer may be cleaned With FPM (for example, 
HF:H2O2:H2O=1:1:100) to remove the Cu particles or 
unnecessary Cu ?lm remaining thereon. 

[0087] Thereafter, the Wafer is spin-dried to complete the 
Whole cleaning operation. 

[0088] In the present embodiment, by using about the 
same total time of chemical cleaning and rinsing in the ?rst 
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step and the second step, the idle time in cleaning operation 
can be minimiZed and higher cleaning ef?ciency can be 
obtained. 

[0089] In the present embodiment, the cleaning chamber 
of the ?rst step (alkaline atmosphere) and the cleaning 
chamber of the second step (acidic atmosphere) are pre 
ferred to be separated completely for prevention of salt 
generation. 
[0090] The cleaning after Cu-CMP has been explained 
above. The How sequence used in this cleaning can basically 
be applied to the cleaning after W-CMP. 

[0091] The present invention is hereinafter described spe 
ci?cally by Way of Examples. HoWever, the present inven 
tion is not restricted to these Examples alone. In the fol 
loWing Examples and Comparative Examples, “% by 
Weight” is relative to the total Weight of cleaning solution. 

EXAMPLE 1 

Production of Substrate 

[0092] A substrate to be cleaned in the present invention 
Was produced as shoWn in FIG. 5. First, an inter-layer 
insulating ?lm 3 made of SiO2 Was formed on a silicon 
substrate 4 by plasma CVD. The thickness of the inter-layer 
insulating ?lm 3 Was 500 nm. Then, a groove 20 for 
interconnection Was formed in a given portion of the inter 
layer insulating ?lm 3, by etching [FIG. 5(a)]. 
[0093] Successively, a barrier ?lm 2 made of TiN Was 
formed at a thickness of 80 nm at 150° C. by sputtering 

[FIG. 5(b)]. 
[0094] On the Whole barrier ?lm 2 Was formed a Cu 
conductive ?lm at a thickness of 500 nm at 450° C. by CVD. 
Then, CMP Was conducted for ?lm leveling to form a Cu 
interconnection 1[FIG. 5(c)]. 

Cleaning of Substrate 

[0095] The Wafer after CMP, obtained above Was placed in 
Water to prevent the Wafer’s drying in loader of cleaning 
apparatus, and cleaned quickly in the cleaning apparatus 
connected to the CMP apparatus. 

[0096] The cleaning Was conducted in tWo steps as shoWn 
in FIG. 2. 

[0097] In the ?rst cleaning, there Was used a ?rst cleaning 
solution containing ammonia Water (0.001% by Weight) and 
ammonium dodecylsulfonate (200 ppm), and brush cleaning 
Was applied to the both sides of the Wafer after CMP for 20 
to 60 seconds. The brush Was a roll-shaped brush as shoWn 
in FIG. 2. Alumina particles are removed by this cleaning. 

[0098] Then, rinsing With pure Water Was conducted for 5 
to 20 seconds to remove the ammonia remaining on the both 
sides of the Wafer. 

[0099] In the second cleaning, there Was used a second 
cleaning solution containing oxalic acid (0.5% by Weight) 
and ammonium dodecylsulfonate (200 ppm), and spin clean 
ing Was conducted for about 15 to 30 seconds. The metal 
contaminants on the Wafer are removed by this cleaning. 
Then, rinsing With pure Water Was conducted for 10 to 30 
seconds. Thereafter, the Wafer Was spin-dried to complete 
the Whole cleaning operation. 
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[0100] In the present Example, the ?rst cleaning chamber 
(alkaline atmosphere) and the second cleaning chamber 
(acidic atmosphere) Were completely separated for preven 
tion of salt generation. 

COMPARATIVE EXAMPLE 1 

[0101] A substrate to be cleaned Was produced in the same 
manner as in Example 1. The substrate Was cleaned in the 
same manner as in Example 1 except that both the ?rst 
cleaning solution and the second cleaning solution contained 
no surfactant. That is, in this Comparative Example, the ?rst 
cleaning solution Was ammonia Water (0.001% by Weight) 
and the second cleaning solution Was an aqueous solution 
containing 0.5% by Weight of oxalic acid. 

[0102] The surface conditions of the Wafers after cleaning 
in Example 1 and Comparative Example 1 are shoWn in 
Table 1. The number of particles Was measured for particles 
having a siZe of 0.2 pm or more, using a laser re?ection type 
particle analyZer. The concentration of metal impurities Was 
measured using a TRXRF (total re?ection X-ray ?uores 
cence) analyZer. In commercial substrates, the number of 
particles is required to be 20 or less per 8-inch Wafer 

TABLE 1 

Number of 
particles Metal impurities atomsfcm2 

(per 8-inch Wafer) K Fe Cu 

Before >3000O 2 x 10]2 5 x 101L3 7 x 10]2 
Washing 
Example 1 15 1 x 101D <1 x 1O10 1 x 101D 
Comparative 150 1 x 1011 6 x 1O10 8 x 1010 
Example 1 

[0103] As is clear from the results of Table 1, particles and 
metal impurities can be removed effectively by the cleaning 
method of Example 1. 

EXAMPLE 2 

Production of Substrate 

[0104] A substrate to be cleaned in the present Example 
Was produced as shoWn in FIG. 6. First, an inter-layer 
insulating ?lm 3 made of SiO2 and a interconnection ?lm 12 
Was formed on a silicon Wafer 4, after Which a via hole 21 
Was formed in a given portion of the inter-layer insulating 
?lm 3[FIG. 6(a)]. 
[0105] Successively, a barrier ?lm 11 made of TiN Was 
formed at a thickness of 80 nm at 150° C. by sputtering 

[FIG. 6(b)]. 
[0106] On the Whole barrier ?lm 11 Was formed a W 
conductive ?lm at a thickness of 500 nm at 450° C. by CVD. 
Then, CMP Was conducted for ?lm leveling to form a W 

plug 10[FIG. 6(c)]. 

Cleaning of Substrate 

[0107] The Wafer after CMP, obtained above Was placed in 
Water to prevent the Wafer’s drying in loader of cleaning 
apparatus, and cleaned quickly in the cleaning apparatus 
connected to the CMP apparatus. 
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[0108] The cleaning Was conducted in tWo steps as shoWn 
in FIG. 2. 

[0109] In the ?rst cleaning, there Was used a ?rst cleaning 
solution containing ammonia Water (0.001% by Weight) and 
ammonium dodecylsulfonate (400 ppm), and brush cleaning 
Was applied to the both sides of the Wafer after CMP for 20 
to 60 seconds. The brush Was a roll-shaped brush as shoWn 
in FIG. 2. Alumina particles are removed by this cleaning. 

[0110] Then, rinsing With pure Water Was conducted for 5 
to 20 seconds to remove the ammonia remaining on the both 
sides of the Wafer. 

[0111] In the second cleaning, there Was used a second 
cleaning solution containing oxalic acid (0.5% by Weight) 
and ammonium dodecylsulfonate (400 ppm), and spin clean 
ing Was conducted for about 15 to 30 seconds. The back side 
of the Wafer Was treated With FPM (Hf: H2O2:H2O=1:1:100) 
to remove Cu articles and unnecessary Cu ?lm. The metal 
contaminants on the Wafer are moved by this cleaning. Then, 
rinsing With pure Water Was conducted for 10 to 30 seconds. 
Thereafter, the Wafer Was spin-dried to complete the Whole 
cleaning operation. 

[0112] In the present Example, the ?rst cleaning chamber 
(alkaline atmosphere) and the second cleaning chamber 
(acidic atmosphere) Were completely separated for preven 
tion of salt generation. 

COMPARATIVE EXAMPLE 2 

[0113] A substrate to be cleaned Was produced in the same 
manner as in Example 2. The substrate Was cleaned in the 
same manner as in Example 2 except that both the ?rst 
cleaning solution and the second cleaning solution contained 
no surfactant. That is, in this Comparative Example, the ?rst 
cleaning solution Was ammonia Water (0.001% by Weight) 
and the second cleaning solution Was an aqueous solution 
containing 0.5% by Weight of oxalic acid. 

[0114] The cleaning effects in Example 2 and Comparative 
Example 2 Were compared for each cleaning step. The 
results are shoWn in FIG. 7 and FIG. 8. FIG. 7 is a draWing 
shoWing the surface contamination of the Wafer after the ?rst 
cleaning step. FIG. 8 is a draWing shoWing the surface 
contamination of the Wafer after the second cleaning step. In 
both of the ?rst cleaning step and the second cleaning step, 
Example 2 shoWed superior cleaning effect. 

[0115] As described above, in the substrate-cleaning 
method of the present invention, cleaning is conducted ?rst 
using ammonia Water or the like and then using a cleaning 
solution containing (a) a ?rst complexing agent capable of 
easily forming a complex With the oxide of the metal 
material on substrate or the oxide of the metal contained in 
polishing solution and (b) an anionic or cationic surfactant. 
Thereby, the particles and metal contaminants remaining on 
a substrate Which has a metal material and a semiconductor 
material both exposed at the surface and Which has been 
subjected to CMP, particularly the metal impurities adhering 
onto the metal region of the substrate, can be removed 
effectively; and high level of cleaning Which has been 
unobtainable by conventional techniques, can be achieved. 

[0116] Further, the substrate-cleaning solution of the 
present invention contains (a) a ?rst complexing agent 
capable of easily forming a complex With the oxide of the 
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metal material on substrate and (b) an anionic or cationic 
surfactant; therefore, exhibits excellent cleaning effect par 
ticularly When applied to the cleaning of a substrate having 
a metal material and a semiconductor material both exposed 
at the surface. 

[0117] This application is based on application 
NO.HEI10-252661 ?led in Japan, the content of Which is 
incorporated hereinto by reference. 

What is claimed is: 
1. A substrate-cleaning method used for cleaning of a 

substrate Which has a metal material and a semiconductor 
material both exposed at the surface and Which has been 
subjected to a chemical mechanical polishing treatment With 
a polishing solution, said method comprising the steps of: 

(A) a ?rst step of cleaning said substrate With a ?rst 
cleaning solution containing ammonia Water or an 
aqueous catholyte generated in electrolysis, and 

(B) a second step of cleaning the substrate after the ?rst 
step (A) With a second cleaning solution containing (a) 
a ?rst complexing agent capable of easily forming a 
complex With the oxide of said metal material or the 
oxide of the metal contained in said polishing solution, 
and (b) an anionic or cationic ?rst surfactant. 

2. A substrate-cleaning method according to claim 1, 
Wherein the ?rst complexing agent is a carboxylic acid or a 
salt thereof. 

3. A substrate-cleaning method according to claim 2, 
Wherein the carboxylic acid or the salt thereof is oxalic acid, 
citric acid, malic acid, maleic acid, succinic acid, tartaric 
acid, malonic acid, or a salt thereof. 

4. A substrate-cleaning method according to claim 1, 
Wherein the second cleaning solution further contains (c) a 
second complexing agent capable of easily forming a com 
plex With the metal impurities remaining on the surface of 
the substrate subjected to the chemical mechanical polishing 
treatment. 

5. A substrate-cleaning method according to claim 4, 
Wherein the second complexing agent is a polyaminocar 
boxylic acid or an ammonium salt thereof. 

6. A substrate-polishing method according to claim 4, 
Wherein the second complexing agent is ethylenediamine 
tetraacetic acid (EDTA), trans-1,2-cyclohexanediaminetet 
raacetic acid (CyDTA), nitrilotriacetic acid (NTA), diethyl 
enetriaminepentaacetic acid (DTPA), N-(2 
hydroxyethyl)ethylenediamine-N,N‘,N‘-triacetic acid 
(EDTA—OH), or a salt thereof. 

7. A substrate-cleaning method according to claim 1, 
Wherein the ?rst surfactant is an ammonium salt of sulfuric 
ester or a primary, secondary or tertiary amine salt of sulfuric 
ester. 

8. A substrate-cleaning method according to claim 1, 
Wherein the ?rst surfactant is C12H25O(CH2CH2O)2SO3H, 
C9H19PhO(CH2CH2O)4SO3H, 
C12H25O(CH2CH2O)4SO3H, or an ammonium salt or pri 
mary, secondary or tertiary amine salt thereof. 

9. A substrate-cleaning method according to claim 1, 
Wherein the ?rst surfactant is C8H17N(CH3)3Br or 
C12H25N(C2H5)(CH3)2Br 

10. A substrate-cleaning method according to claim 1, 
Wherein the ?rst cleaning solution further contains an 
anionic or cationic second surfactant. 
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11. A substrate-cleaning method according to claim 10, 
Wherein the second surfactant is an ammonium salt of 
sulfuric ester or a primary, secondary or tertiary amine salt 
of sulfuric ester. 

12. A substrate-cleaning method according to claim 10, 
Wherein the second surfactant is 

C12H25O(CH2CH2O)2SO3H. 
C9H19PhO(CH2CH2O)4SO3H, 
C12H25O(CH2CH2O)4SO3H, or an ammonium salt or pri 
mary, secondary or tertiary amine salt thereof. 

13. A substrate-cleaning method according to claim 10, 
Wherein the second surfactant is C8H17N(CH3)3Br or 
C12H25N(C2H5)(CH3)2Br 

14. A substrate-cleaning method according to claim 1, 
Wherein the metal material is tungsten, copper or aluminum. 

15. A substrate-cleaning method according to claim 1, 
Wherein the substrate has an inter-layer insulating ?lm made 
of said semiconductor material and there is formed, in the 
inter-layer insulating ?lm, a groove or hole ?lled With said 
metal material. 

16. A substrate-cleaning method according to claim 15, 
Wherein a barrier ?lm is formed on the inner surface of the 
groove or hole and a ?lm made of said metal material is 
formed on the barrier ?lm. 

17. A substrate-cleaning solution used for cleaning of a 
substrate Which has a metal material and a semiconductor 
material both exposed on the surface, Which cleaning solu 
tion contains (a) a ?rst complexing agent capable of easily 
forming a complex With the oxide of said metal material and 
(b) an anionic or cationic surfactant. 

18. A substrate-cleaning solution used for cleaning of a 
substrate Which has a metal material and a semiconductor 
material exposed on the surface and Which has been sub 
jected to a chemical mechanical polishing treatment With a 
polishing solution, Which cleaning solution contains (a) a 
?rst complexing agent capable of easily forming a complex 
With the oxide of said metal material, (b) an anionic or 
cationic surfactant, and (c) a second complexing agent 
capable of easily forming a complex With the metal impu 
rities remaining on the surface of the substrate subjected to 
the chemical mechanical polishing treatment. 

19. A substrate-cleaning solution according to claim 18, 
Wherein the second complexing agent is a polyaminocar 
boxylic acid or an ammonium salt thereof. 

20. A substrate-cleaning solution according to claim 19, 
Wherein the polyaminocarboxylic acid is ethylenediamine 
tetraacetic acid (EDTA), trans-1,2-cyclohexanediaminetet 
raacetic acid (CyDTA), nitrilotriacetic acid (NTA), diethyl 
enetriaminepentaacetic acid (DTPA), N-(2 
hydroxyethyl)ethylenediamine-N,N‘,N‘-triacetic acid 
(EDTA—OH), or a salt thereof. 

21. A substrate-cleaning solution according to claim 18, 
Wherein the content of the second complexing agent is 1 to 
10000 ppm relative to the substrate-cleaning solution. 

22. A substrate-cleaning solution according to claim 17, 
Wherein the ?rst complexing agent is a carboxylic acid or a 
salt thereof. 

23. A substrate-cleaning solution according to claim 18, 
Wherein the ?rst complexing agent is a carboxylic acid or a 
salt thereof. 

24. A substrate-cleaning solution according to claim 17, 
Wherein the ?rst completing agent is oxalic acid, citric acid, 
malic acid, maleic acid, succinic acid, tartaric acid, malonic 
acid, or a salt thereof. 
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25. A substrate-cleaning solution according to claim 18, 
wherein the ?rst compleXing agent is oxalic acid, citric acid, 
malic acid, maleic acid, succinic acid, tartaric acid, malonic 
acid, or a salt thereof. 

26. A substrate-cleaning solution according to claim 17, 
Wherein the surfactant is an ammonium salt of sulfuric ester 
or a primary, secondary or tertiary amine salt of sulfuric 
ester. 

27. A substrate-cleaning solution according to claim 18, 
Wherein the surfactant is an ammonium salt of sulfuric ester 
or a primary, secondary or tertiary amine salt of sulfuric 
ester. 

28. A substrate-cleaning solution according to claim 17, 
Wherein the surfactant is C12H25O(CH2CH2O)2SO3H, 
C9H19PhO(CH2CH2O)4SO3H, 
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C12H25O(CH2CH2O)4SO3H, or an ammonium salt or pri 
mary, secondary or tertiary amine salt thereof. 

29. A substrate-cleaning solution according to claim 18, 
Wherein the surfactant is C12H25O(CH2CH2O)2SO3H, 
C9H19PhO(CH2CH2O)4SO3H, 
C12H25O(CH2CH2O)4SO3H, or an ammonium salt or pri 
mary, secondary or tertiary amine salt thereof. 

30. A substrate-cleaning solution according to claim 17, 
Wherein the surfactant is C8H17N(CH3)3Br or 
C12H25N(C2H5)(CH3)2Br 

31. A substrate-cleaning solution according to claim 18, 
Wherein the surfactant is C8H17N(CH3)3Br or 
C12H25N(C2H5)(CH3)2Br~ 

* * * * * 


