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(57) ABSTRACT 

A copper electroplating material capable of exhibiting 
increased easy-dissolution properties, to thereby minimize 
formation of an insoluble residue. Basic copper carbonate is 
formed in a reaction tank by deposition and heated to a 
temperature of betWeen 250° C. and 800° C. and preferably 
betWeen 350° C. and 600° C. in an atmosphere Which does 
not form a reducing atmosphere Which does not form a 
reducing atmosphere, to thereby be subjected to thermal 
decomposition, resulting in providing easily soluble copper 
oxide. The copper oxide is Washed With Water and deWatered 
using, for example, a centrifugal separator. Then, the copper 
oxide is dried. 
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MATERIAL FOR COPPER ELECTROPLATING, 
METHOD FOR MANUFACTURING SAME AND 

COPPER ELECTROPLATING METHOD 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a material for copper 
electroplating (hereinafter also referred to as “copper elec 
troplating material”), a method for manufacturing a copper 
electroplating material and a copper plating method, and 
more particularly to a copper electroplating material Which 
is fed as a copper ion supply to a copper plating bath in 
Which an object to be plated is subjected to copper electro 
plating, a method for producing such a copper electroplating 
material, and a copper plating method using such a copper 
electroplating material. 

[0002] One of techniques of subjecting an object to be 
plated (hereinafter also referred to as “plated object”) to 
copper plating Which have been conventionally knoWn in the 
art is an copper electroplating method Wherein a material for 
copper plating or a copper plating material is introduced into 
a sulfuric acid solution acting as an electrolyte and a current 
is ?oWed betWeen an insoluble anode and a plated object 
acting as a cathode. In the method, copper oxide prepared by 
subjecting basic copper carbonate to thermal composition is 
used as the copper plating material (see Japanese Patent No. 
2,753,855). 
[0003] Copper oxide is Widely used as a material for 
ferrite. Also, it is used as a copper ion supply for a bath for 
electroless plating of copper as disclosed in Japanese Patent 
Application Laid-Open Publication No. 80116/1991. Cop 
per oxide is generally produced by subjecting a mill scale of 
copper, cuprous oxide or copper hydroxide to a heat treat 
ment. HoWever, a copper mill scale is hard to dissolve in an 
electrolyte, to thereby fail to be used as a material for copper 
plating. Also, cuprous oxide contains a chlorine ion (Cl 
(hereinafter merely referred to as “Cl”)) in a large amount, 
leading to a failure in copper plating. Further, the Japanese 
publication described above (Japanese Patent Application 
Laid-Open Publication No. 800116/1991) discloses that 
copper oxide may be obtained by heating copper hydroxide 
to a temperature Within a range of betWeen 60° C. and 100° 
C. HoWever, use of cupric hydroxide for copper electroplat 
ing causes a failure in plating of copper because it contains 
a chlorine ion and sulfur (S) derived from SO (‘Z-(hereinafter 
merely referred to as “SO4”) in a large amount. On the 
contrary, copper oxide obtained by subjecting basic copper 
carbonate to thermal decomposition may be used as a 
material for copper plating, because a content of Cl and S 
(derived from SO 4) therein is reduced. HoWever, use of 
copper oxide obtained by thermal decomposition of basic 
copper carbonate as a copper plating material causes prob 
lems. 

[0004] More particularly, the copper oxide is usually used 
as a material for ferrite, so that it is required that copper 
oxide is reduced in Weight reduction in a calcination step in 
manufacturing of ferrite. For this purpose, a heating tem 
perature employed in thermal decomposition of copper 
oxide or a heat treatment thereof is generally as high as 900° 
C. or more. Unfortunately, although the thus-obtained cop 
per oxide is readily dissolved in an electrolyte as compared 
With usual copper oxide, it fails to exhibit satisfactory 
solubility. This causes a period of time in Which the copper 
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oxide fed to a copper plating bath is dissolved in an 
electrolyte to be increased and renders a concentration of 
copper ions in the electrolyte nonuniform, leading to scat 
tering in quality of an article Which has been plated (here 
inafter also referred to as “plated article”) and a deterioration 
in throughput capacity. 

[0005] Also, a furnace for thermal decomposition of the 
copper oxide is generally constituted by a rotary kiln of the 
type heated directly by a ?ame in vieW of thermal e?iciency. 
HoWever, it causes the copper oxide to be partially formed 
into cuprous oxide and metallic copper due to contact of the 
copper oxide With the ?ame Which is a reducing ?ame. The 
thus-formed cuprous oxide and metallic copper lead to an 
increase in an insoluble residue Which is an impurity When 
it is dissolved in a sulfuric acid solution Which is an 
electrolyte. It is required to keep a concentration of copper 
in the electrolyte constant. HoWever, this renders a concen 
tration of copper in the electrolyte nonuniform, resulting in 
quality of an article plated being deteriorated. 

[0006] Further, impurities Which are introduced in a small 
amount into the basic copper carbonate from a material for 
the basic copper carbonate, such as alkaline metals (Na and 
K), alkaline earth metals (Mg and Ca), a chlorine ion, S 
derived from SO 4 and the like are increased in concentration 
by, for example, about 1.4 to 1.5 times in the copper oxide 
obtained by thermal decomposition. Accumulation of a 
chlorine ion in the plating bath renders an article plated 
course or causes formation of nodular or needle-like depos 
its on the article, resulting in the article being defective. 
Also, accumulation of S derived from SO 4 therein not only 
adversely affects the plating, but renders control of a SO4 
concentration in the plating bath di?icult, leading to scat 
tering in quality of an article plated. Further, accumulation 
of alkaline metal and/or alkaline earth metal in the plating 
bath causes likelihood that sulfates thereof are deposited on 
an article plated, leading to an increase in frequency at 
Which the plating bath must be reneWed or refreshed. 

[0007] Thus, continuous running of copper plating While 
directly using the copper oxide as a material therefor causes 
the above-described impurities to be accumulated in the 
plating bath. Accumulation of the impurities to an upper 
limit determined from a vieWpoint of control of the plating 
causes a failure in copper plating, so that it is required to 
reneW or refresh the plating bath earlier than expected. 
Unfortunately, such reneWal or refreshment of the plating 
bath causes a disadvantageous increase in plating cost, 
leading to an increase in cost of an article plated. 

[0008] Also, it is knoWn in the art that basic copper 
carbonate is used as a copper plating material in the copper 
electroplating described above, as disclosed in Japanese 
Patent No. 2,753,855, of Which the disclosure is incorpo 
rated herein by reference. Basic copper carbonate is suitable 
for use as a material for copper plating from a vieWpoint of 
the fact that it is increased in solubility. Also, basic copper 
carbonate is produced by reacting an aqueous cupric chlo 
ride solution or an aqueous cupric sulfate solution With an 
aqueous solution containing a carbonate ion. Use of an 
aqueous cupric chloride solution causes the basic copper 
carbonate to contain a chlorine ion and that of an aqueous 
cupric sulfate solution causes it to contain S04, hoWever, a 
content of such impurities in the basic copper carbonate is 
relatively reduced. In a plating plant, in vieW of the fact that 
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accumulation of a Cl ion and S derived from SO4in the 
plating bath leads to a deterioration in copper plating, it is 
carried out to monitor a concentration of such impurities in 
the plating bath, to thereby reneW or refresh the plating bath 
When the impurities accumulate to an upper limit determined 
from a vieWpoint of control of the plating. HoWever, such 
reneWal or refreshment of the plating bath causes a signi? 
cant increase in plating cost, leading to an increase in cost 
of the article plated. Therefore, it Would be highly desirable 
to minimiZe a content of the impurities in the basic copper 
carbonate. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been made in vieW of the 
foregoing disadvantage of the prior art. 

[0010] Accordingly, it is an object of the present invention 
to provide a material for copper electroplating or a copper 
electroplating material Which is capable of being highly 
easily dissolved in an electrolyte, to thereby minimiZe 
formation of an insoluble residue in a plating bath. 

[0011] It is another object of the present invention to 
provide a copper electroplating material Which is capable of 
being reduced in impurities. 

[0012] It is a further object of the present invention to 
provide a copper plating method Which is capable of being 
suitably applied to the copper electroplating material 
described above. 

[0013] In accordance With one aspect of the present inven 
tion, a method for manufacturing a material for copper 
electroplating or a copper electroplating material adapted to 
be fed as a copper ion supply to a copper plating bath in 
copper electroplating is provided. The method includes the 
step of heating basic copper carbonate to a temperature of 
250° C. to 800° C. in an atmosphere Which is not rendered 
reducing or reductive to carry out thermal decomposition of 
the basic copper carbonate, to thereby produce easily soluble 
copper oXide constituting the copper electroplating material. 
The term “heating of the basic copper carbonate in the 
atmosphere Which is not rendered reducing or reductive” 
referred to herein is intended to mean heating by means of 
an electric furnace rather than direct heating by means of, for 
eXample, a burner. 

[0014] In the present invention, basic copper carbonate 
Which is a material for easily soluble copper oXide may be 
commercially available. Alternatively, it may be obtained by 
miXing an aqueous solution of copper chloride, copper 
sulfate or copper nitrate With an aqueous carbonate solution 
of, for eXample, alkaline metal, alkaline earth metal or 
ammonia (NH4) and then reacting the aqueous solutions 
With each other While heating them. In this instance, miXing 
betWeen the aqueous carbonate solution and the aqueous 
solution of copper chloride, copper sulfate or copper nitrate 
may be carried out by charging the carbonate in the form of 
a solid into the aqueous solution of copper chloride, copper 
sulfate or copper nitrate to dissolve the former in the latter 
or charging copper chloride, copper sulfate or copper nitrate 
in the form of a solid into the aqueous carbonate solution to 
dissolve the former in the latter. The copper electroplating 
material of the present invention is soluble or easily dis 
solved in an electrolyte, to thereby be suitable for use as a 
copper plating material fed to the electrolyte in Which an 
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insoluble anode and a plated object acting as a cathode are 
arranged. In this instance, When the copper plating material 
contains such impurities as described above in a large 
amount, an article plated is deteriorated in quality. Thus, 
When the basic copper carbonate contains impurities such as 
alkaline metal (Na, or K), alkaline earth metal (Mg, or Ca) 
and/or an anion (Cl', or SO 42') or the like in a large amount, 
the easily soluble copper oXide is preferably Washed With 
Water. 

[0015] In accordance With another aspect of the present 
invention, a copper plating method is provided. The copper 
plating method includes the steps of feeding the copper 
electroplating material described above to an electrolyte in 
Which an insoluble anode and a plated object acting as a 
cathode are arranged and subjecting the plated object to 
copper plating. 

[0016] In accordance With a further aspect of the present 
invention, a method for manufacturing a copper electroplat 
ing material fed as a copper ion supply to a copper plating 
bath in copper electroplating is provided. The method 
includes the steps of miXing an aqueous cupric chloride 
solution and an aqueous solution containing a carbonate ion 
With each other to prepare a miXed solution, keeping the 
miXed solution at a pH Within a range of betWeen 8.0 and 9.0 
and a temperature Within a range of betWeen 75° C. and 90° 
C. to form basic copper carbonate, and subjecting the basic 
copper carbonate to solid-liquid separation and Washing, so 
that the basic copper carbonate may have a chlorine con 
centration of 80 ppm or less. 

[0017] In accordance With this aspect of the present inven 
tion, a method for manufacturing a copper electroplating 
material fed as a copper ion supply to a copper plating bath 
in copper electroplating is provided. The method includes 
the steps of miXing an aqueous cupric sulfate solution and an 
aqueous solution containing a carbonate ion With each other 
to prepare a miXed solution, keeping the miXed solution at 
a pH Within a range of betWeen 8.0 and 9.0 and a tempera 
ture Within a range of betWeen 75° C. and 90° C. to form 
basic copper carbonate, and subjecting the basic copper 
carbonate to solid-liquid separation and Washing, so that the 
basic copper carbonate may have a SO 4 concentration of 200 
ppm or less. 

[0018] In the present invention, miXing betWeen the aque 
ous cupric chloride solution or aqueous cupric sulfate solu 
tion and the aqueous carbonate ion-containing solution is 
carried out While controlling a pH of the miXed solution. In 
this regard, the inventors found that the miXing at a tem 
perature of 95° C. or more causes a substantial difference 
betWeen the apparent pH and the actual pH, thus, feed of the 
aqueous solutions based on pH control causes the basic 
copper carbonate to contain a large amount of impurities. 

[0019] In vieW of the above, in accordance With this aspect 
of the present invention, a method for manufacturing a 
copper electroplating material fed as a copper ion supply to 
a copper plating bath in copper electroplating is provided. 
The method includes the steps of feeding an aqueous cupric 
chloride solution and an aqueous solution containing a 
carbonate ion to a reaction tank While adjusting a feed ratio 
betWeen both aqueous solutions so that a molar ratio of a 
copper ion to a carbonate ion in a miXed solution of both 
aqueous solutions may be Within a range of betWeen 1: 1.3 to 
2.6, keeping a temperature of the miXed solution at a level 
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of 95° C. or more Without pH control of the mixed solution 
to produce basic copper carbonate, and subjecting the basic 
copper carbonate to solid-liquid separation and Washing, to 
thereby provide the copper electroplating material consti 
tuted by the basic copper carbonate. 

[0020] When the cupric sulfate is substituted for the cupric 
chloride, the feed rate is so adjusted that a molar ratio 
betWeen the copper ion and the carbonate ion is 112.3 to 4.6. 

[0021] Mixing betWeen the aqueous cupric chloride or 
cupric sulfate solution and the aqueous carbonate ion 
containing solution may be also carried out by charging 
cupric chloride or cupric sulfate in the form of a solid into 
the aqueous carbonate solution, charging the carbonate in 
the form of a solid into the aqueous cupric chloride or cupric 
sulfate solution, or introducing carbon dioxide into the 
aqueous cupric chloride or cupric sulfate solution. 

[0022] In accordance With still another aspect of the 
present invention, a method for manufacturing basic copper 
carbonate fed as a copper ion supply to a copper plating bath 
in copper electroplating is provided. The method includes 
the steps of feeding an aqueous cupric sulfate solution and 
an aqueous solution containing a carbonate ion to a reaction 
tank While adjusting a feed ratio betWeen both aqueous 
solutions so that a molar ratio of a copper ion to carbonate 
ion in a mixed solution of both aqueous solutions may be 
Within a range of betWeen 112.3 to 4.6, keeping a tempera 
ture of the mixed solution at a level of 95° C. or more 
Without pH control of the mixed solution to produce basic 
copper carbonate, and subjecting the basic copper carbonate 
to solid-liquid separation and Washing, to thereby provide 
the copper electroplating material constituted by the basic 
copper carbonate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] These and other objects and many of the attendant 
advantages of the present invention Will be readily appre 
ciated as the same becomes better understood by reference 
to the folloWing detailed description When considered in 
connection With the accompanying draWings; Wherein: 

[0024] FIG. 1 is a How diagram shoWing an embodiment 
of a method for manufacturing a material for copper elec 
troplating or a copper electroplating material according to 
the present invention; 

[0025] FIG. 2 is a schematic block diagram shoWing a 
plating apparatus used in copper electroplating of the present 
invention by Way of example; 

[0026] FIG. 3 is a graphical representation shoWing a 
variation in conductivity shoWn in Table 1 With time; 

[0027] FIG. 4 is a graphical representation shoWing a 
variation in conductivity shoWn in Table 1 With time; 

[0028] FIG. 5 is a How diagram shoWing another embodi 
ment of a method for manufacturing a copper electroplating 
material according to the present invention; and 

[0029] FIG. 6 is a How diagram shoWing a further 
embodiment of a method for manufacturing a copper elec 
troplating material according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] NoW, the present invention Will be described With 
reference to the accompanying draWings. 
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[0031] First, described is a method for manufacturing a 
material for copper electroplating or a copper electroplating 
material Which is constituted of signi?cantly soluble copper 
oxide. 

[0032] In the present invention, basic copper carbonate 
Which is a material for signi?cantly soluble copper oxide 
may be commercially available. Alternatively, it may be 
obtained by mixing an aqueous solution of copper chloride, 
copper sulfate or copper nitrate With an aqueous carbonate 
solution of, for example, alkaline metal, alkaline earth metal 
or ammonia(NH4), reacting both aqueous solutions With 
each other While heating them, depositing a reaction prod 
uct, and then separating the reaction product by ?ltration. In 
this instance, mixing betWeen the aqueous carbonate solu 
tion and the aqueous solution of copper chloride, copper 
sulfate or copper nitrate may be carried out by charging the 
carbonate in the form of a solid into the aqueous solution of 
copper chloride, copper sulfate or copper nitrate to dissolve 
the former in the latter or charging copper chloride, copper 
sulfate or copper nitrate in the form of a solid into the 
aqueous carbonate solution to dissolve the former in the 
latter. 

[0033] In the illustrated embodiment, basic copper car 
bonate prepared as described above is used. 

[0034] Referring ?rst to FIG. 1, an embodiment of a 
method for manufacturing a material for copper electroplat 
ing or a copper electroplating material Which is basic copper 
carbonate is illustrated in the form of a How diagram. For 
example, an aqueous solution of cupric chloride (CuCl2) 
Which has a copper concentration of 10% by Weight and an 
aqueous solution of alkaline metal carbonate such as, for 
example, an aqueous sodium carbonate (Na2CO3) solution 
having a carbonate concentration of 7% by Weight are 
charged in a reaction tank 1 so that a mixed solution of both 
aqueous solutions has a pH of 7.0 to 9.0. Then, the solutions 
thus mixed are stirred for, for example, 30 minutes using a 
stirring means 11 While being heated so that the mixed 
solution has a temperature of, for example, 70° C. Such 
heating of the mixed solution may be carried out by pro 
viding any suitable bubbling means constituted by an air 
diffusing pipe (not shoWn) or the like the reaction tank 1 and 
introducing bubbled steam into the mixed solution using the 
bubbling means. 

[0035] NoW, the reaction noted above Will be described. 

[0036] First, copper carbonate is produced according to 
the folloWing reaction formula (1): 

Na2CO3+CuCl2—>CuCO3+2NaCl (1) 

[0037] Then, the thus-formed copper carbonate is 
hydrated as indicated by the folloWing chemical formula (2), 
to thereby provide basic copper carbonate dihydrate: 

CuCO3+3/2H2O—>%{CuCO3-Cu(OH)2-2H2O}+%CO2 (2) 
[0038] Then, Water is removed from the basic copper 
carbonate dihydrate to provide anhydrous basic copper 
carbonate as indicated by the folloWing chemical formula 

(3)1 
CuCO3-Cu(OH)2-2H2O—>CuCO3-Cu(OH)2+2H2O (3) 

[0039] The basic copper carbonate thus formed is then 
deposited or precipitated in the form of a poWder. Then, a 
valve 2 is rendered open to draW out the thus-precipitated 
slurry therethrough to a centrifugal separator 2, in Which the 
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slurry is subjected to centrifuging to separate a solid matter 
of the slurry from a mother liquor thereof. Then, the solid 
matter is placed in a drier 3, to thereby be dried therein, 
resulting in basic copper carbonate being obtained in the 
form of a poWder. 

[0040] Copper ion sources for the basic copper carbonate 
may include aqueous solutions of copper chloride, as Well as 
copper salts such as, for example, copper sulfate, copper 
nitrate and the like. Carbonate ion sources may include 
carbonates of alkaline metals such as sodium carbonate, 
sodium bicarbonate, potassium carbonate and the like, as 
Well as carbonates of alkaline earth metals such as calcium 
carbonate, magnesium carbonate and barium carbonate, 
ammonium carbonate ((NH4)2CO3), and the like. 

[0041] Then, the above-described basic copper carbonate 
Which is in the form of a poWder is introduced into a heating 
furnace such as, for example, a rotary kiln 4, in Which it is 
heated to a temperature betWeen, for example, 250° C. and 
800° C. for thermal decomposition thereof. In the illustrated 
embodiment, the heating furnace may be constituted by a 
rotary kiln Which is so constructed that a rotary pipe 41 made 
of, for example, stainless steel and adapted to revolve about 
an axis thereof is arranged in a manner to be slightly inclined 
and a heater 42 is arranged so as to surround the rotary pipe 
41, resulting in the basic copper carbonate poWder being 
carried by rotation of the rotary pipe 41, as shoWn in FIG. 
1. Heating of the basic copper carbonate in such a manner 
prevents an atmosphere in Which the carbonate poWder is 
heated from being reducing or reductive. In the illustrated 
embodiment, the basic copper carbonate is not heated 
directly in a burner. This is for the reason that such direct 
heating of copper carbonate leads to formation of a reducing 
atmosphere, Which causes reduction or deoxidation of a part 
of copper carbonate and/or copper oxide formed by decom 
position of copper carbonate, to produce cuprous oxide 
(CuZO) and/or metallic copper (Cu). 

[0042] Metallic copper is insoluble or hard to dissolve in 
an aqueous sulfuric acid solution used as an electrolyte When 
copper oxide is used as a material for copper plating or a 
copper plating material, to thereby form an insoluble resi 
due, resulting in a neW ?lter being required for removing the 
residue. Also, formation of metallic copper and cuprous 
oxide renders feed of copper to a plating bath nonuniform, 
resulting in quality of an article plated being considerably 
scattered. Thus, it is essential to prevent the heating atmo 
sphere in Which the basic copper carbonate is heated from 
being rendered reducing or reductive. 

[0043] Setting of the heating temperature at 250° C. per 
mits copper oxide to be formed by heating the basic copper 
carbonate for, for example, about 2 hours. HoWever, heating 
at a temperature as loW as 200° C. fails in thermal decom 
position of the basic copper carbonate. Also, a differential 
thermal analysis reveals that a temperature at 200° C. 
likeWise fails in thermal decomposition of the basic copper 
carbonate. Thus, it is required that the heating is carried out 
at a temperature of 250° C. or more. Also, in order to reduce 
a period of time required for the thermal decomposition to 
increase production ef?ciency, the heating is preferably 
carried out at a temperature of 350° C. or more. HoWever, 
the heating at a temperature above 800° C. causes copper 
oxide formed to be reduced in solubility. Thus, the heating 
is required to take place at a temperature of 800° C. or less. 
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In order to obtain copper oxide Which is more highly easily 
dissolved in the electrolyte, the heating temperature is 
preferably 600° C. or beloW. 

[0044] In this instance, the above-described impurities are 
contained in a large amount in the material for copper 
plating or copper plating material, an article plated is dete 
riorated in quality. Thus, When the basic copper carbonate 
contains a large amount of impurities such alkaline metals 
(Na, and K), alkaline earth metals (Mg, and Ca), anions (a 
chlorine ion Cl“, and a sulfate ion SO42“), and the like, the 
highly soluble copper oxide obtained by thermal decompo 
sition is preferably Washed With Water. 

[0045] Thus, in the illustrated embodiment as Well, after 
formation of the copper oxide, it is charged in a Washing 
tank 5 Which is ?lled therein With pure Water acting as Wash 
liquid and Washed While stirring the Wash liquid using a 
stirring means 51. Then, a valve 52 is opened to draW a 
mixed slurry of Water and copper oxide out of the Washing 
tank 5, resulting in the slurry being fed to a centrifugal 
separator 6 or a ?lter, in Which the slurry is deWatered. 
Subsequently, the deWatered slurry is dried in a drier 7, so 
that copper oxide may be obtained in the form of a poWder. 
Pure Water such as distilled Water, ion-exchanged Water or 
the like may be used as the Wash liquid. Alternatively, Water 
further reduced in impurity such as superpure Water may be 
used for this purpose. 

[0046] NoW, an apparatus for practicing copper plating in 
Which copper oxide is used as a supply for a copper plating 
material Will be described With reference to FIG. 2 by Way 
of example. In FIG. 2, reference numeral 8 designates a 
plating bath, Which is ?lled therein With plating liquid 
including sulfuric acid acting as an electrolyte and copper 
oxide dissolved therein. The plating liquid has an insoluble 
anode 81 and a cathode 82 immersed therein. The insoluble 
anode 81 is constituted, for example, by a titanium plate 
having platinum or platinum-iridium coated thereon at a 
ratio of 7:3 and connected to a positive electrode of a DC 
poWer supply E. The cathode 82 Which is constituted by an 
object to be plated or a plated object and may be in the form 
of, for example, a metal plate is connected to a negative 
electrode of the DC poWer supply E. Reference numeral 83 
designates a dissolution tank for dissolving copper oxide 
therein. The dissolution tank 83 is fed With a predetermined 
amount of copper oxide in the form of a poWder from a 
hopper 84 acting as a copper oxide feed source. Then, the 
copper oxide is dissolved in an aqueous sulfuric acid solu 
tion in the dissolving tank 83 While being stirred With a 
stirring means 85. The copper oxide thus dissolved is fed to 
the plating bath 8 by means of pumps P1 and P2 for the next 
copper plating, When the amount of copper ion in the plating 
bath 8 is reduced. Reference character F is a ?lter. 

[0047] In the illustrated embodiment, as described above, 
copper oxide is prepared by subjecting basic copper carbon 
ate to thermal decomposition at a temperature Within a range 
of betWeen 250° C. and 800° C. This permits the copper 
oxide to be easily dissolved in an aqueous sulfuric acid 
solution as described hereinafter. Also, the thermal decom 
position does not take place in a reducing atmosphere, to 
thereby minimiZe or substantially prevent production of an 
insoluble residue such as cuprous oxide, metallic copper and 
the like. This almost prevents application of load to the ?lter 
and renders a copper ion concentration in the copper plating 
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bath stabilized, When copper oxide is used as a material for 
copper plating or a copper plating material. 

[0048] Basic copper carbonate inherently contains an 
anion and a cation depending on a material therefor. For 
example, When basic copper carbonate is made of an aque 
ous solution of cupric chloride (CuCl2) and an aqueous 
solution of sodium carbonate (Na2CO3), it contains a chlo 
rine ion and a sodium ion. Also, When cupric sulfate 
(CuSO4) is substituted for cupric chloride, basic copper 
carbonate prepared contains a sodium ion and S derived 
from a SO4 ion. Washing of the basic copper carbonate fails 
to permit the impurities such as a chlorine ion, S of a SO4 
ion, a sodium ion, a potassium ion and the like to be 
substantially removed therefrom, leading to a failure in 
puri?cation of the carbonate. HoWever, as Will be noted from 
examples described beloW, When the basic copper carbonate 
is subjected to thermal decomposition to obtain copper 
oxide, folloWed by Washing of the copper oxide, the impu 
rities may be reduced. Thus, use of copper oxide as a 
material for copper plating or a copper plating material 
permits a period of time in Which a concentration of the 
impurities reaches an upper limit determined from a vieW 
point of control of the plating bath to be increased, to thereby 
reduce the number of times of reneWal or refreshment of the 
plating bath, leading to a reduction in plating cost. 

[0049] The illustrated embodiment of the present inven 
tion Will be understood more readily With reference to the 
folloWing examples; hoWever, these examples are intended 
to illustrate the invention and not to be construed to limit the 
scope of the invention. 

EXAMPLE 1-1 

[0050] Copper oxide Was obtained by subjecting basic 
copper carbonate to thermal decomposition at a temperature 
of 400° C. for about 60 minutes according to the embodi 
ment described above. 

EXAMPLE 1-2 

[0051] Copper oxide Was obtained by subjecting basic 
copper carbonate to thermal decomposition at a temperature 
of 600° C. for about 60 minutes according to the embodi 
ment described above. 

EXAMPLE 1-3 

[0052] Copper oxide Was obtained by subjecting basic 
copper carbonate to thermal decomposition at a temperature 
of 700° C. for about 60 minutes according to the embodi 
ment described above. 

EXAMPLE 1-4 

[0053] Copper oxide Was obtained by subjecting basic 
copper carbonate to thermal decomposition at a temperature 
of 750° C. for about 60 minutes according to the embodi 
ment described above. 

EXAMPLE 1-5 

[0054] Copper oxide Was obtained by subjecting basic 
copper carbonate to thermal decomposition at a temperature 
of 800° C. for about 60 minutes according to the embodi 
ment described above. 
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Comparative Example 1 

[0055] Copper oxide Was obtained by subjecting basic 
copper carbonate to thermal decomposition at a temperature 
of 900° C. for about 60 minutes according to the embodi 
ment described above. 

[0056] In order to grasp solubility of copper oxide fed as 
a material for copper plating or a copper plating material to 

the copper plating bath, a poWder of copper oxide obtained 
in each of Examples 1-1 to 1-5 and Comparative Example 1 
Was charged in an amount of 550 g into 10 l of an aqueous 

sulfuric acid solution having a HZSO4 concentration of 245 
g/l and dissolved therein, to thereby obtain each of sample 
solutions. Then, conductivity of each of sample solutions 
thus obtained Was measured in the course of dissolution of 

copper oxide in the aqueous sulfuric acid solution. Results 
of the measurement Were as shoWn in Table 1. 

TABLE 1 

Elapsed 
Time Conductivity (S/m) of Copper Oxide 

(sec) 9000 C. 8000 C. 7500 C. 7000 C. 6000 C. 4000 C. 

0 68.7 70.9 70.8 70.2 70.9 73.4 

5 65.2 55.1 49.0 48.8 44.9 55.1 

10 56.4 49.2 46.2 46.0 42.2 47.8 

15 53.6 46.4 44.8 45.2 41.2 45.4 

20 51.9 45.2 44.6 44.3 41.0 45.2 

25 50.4 44.6 44.2 44.0 40.7 45.0 

30 49.2 44.1 44.0 43.5 40.7 45.0 

35 48.2 44.0 43.4 43.5 40.7 45.0 

40 47.4 43.8 43.4 43.5 40.7 45.0 

45 46.8 43.7 43.4 43.5 40.8 45.0 

50 46.1 43.5 43.4 43.5 40.9 45.0 

55 45.6 43.5 43.4 43.4 40.9 45.1 

60 45.3 43.5 43.5 43.4 40.9 45.2 

65 44.9 43.5 43.4 43.4 41.0 45.2 

70 44.4 43.5 43.5 43.5 41.1 45.2 

75 44.2 43.5 43.5 43.5 41.1 45.2 

80 44.0 43.4 43.6 43.6 41.0 45.2 

85 43.8 43.5 43.6 43.6 41.2 45.2 

90 43.5 43.5 43.5 43.5 41.2 45.1 

95 43.5 43.6 43.5 43.5 41.1 45.2 

100 43.4 43.6 43.6 43.6 41.2 45.2 

105 43.2 43.5 43.5 43.6 41.2 45.2 

110 43.0 43.6 43.5 43.5 41.2 45.2 

115 43.0 43.6 43.6 43.6 41.2 45.2 

120 43.0 43.7 43.6 43.6 41.2 45.2 

[0057] Also, a variation in the thus-obtained conductivity 
With time is shoWn in FIGS. 3 and 4. Further, supposing that 
time at Which the conductivity is rendered constant is 
de?ned as a dissolution termination point and a period of 
time betWeen charging of the copper oxide poWder and the 
dissolution point termination is de?ned as dissolution time, 
the dissolution time Was measured in each example. Results 
of the measurement Were as shoWn in Table 2. 
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TABLE 2 

Example Comparative 

1-1 1-2 1-3 1-4 1-5 Example 1 

TD Temp* (° C.) 400 600 700 750 800 900 
Dissolution 25 25 30 35 50 110 
Time 

TD Temp": Thermal Decomposition Temperature 

[0058] As Will be noted from the thus-obtained results, a 
temperature of thermal decomposition of the basic copper 
carbonate up to 800° C. ensures that the copper oxide is 
easily dissolved in the aqueous sulfuric acid solution, hoW 
ever, an increase in the temperature to a level of 900° C. 
causes the copper oxide to fail to be easily dissolved therein. 
Also, a reduction in thermal decomposition temperature 
from 8000 C. to 600° C. permits a reduction in dissolution 
time or permits the copper oxide to be easily dissolved in the 
solution. Thus, it Will be noted that the thermal decompo 
sition temperature is preferably beloW 800° C., and, for 
example, more preferably 600° C. or beloW. A reduction in 
solubility of the copper oxide due to an increase in tem 
perature Would be due to the reason that an increase in 
temperature promotes solid phase sintering of the copper 
oxide obtained by thermal decomposition. 

EXAMPLE 2 

[0059] Copper oxide Was obtained by subjecting basic 
copper carbonate to thermal decomposition at a temperature 
of 400° C. for about 60 minutes according to the embodi 
ment described above. 

Comparative Example 2-1 

[0060] The procedure described in Example 2 Was sub 
stantially repeated except that a rotary kiln Which has a 
reducing atmosphere formed therein due to direct heating by 
a burner Was used. 

Comparative Example 2-2 

[0061] The procedure described in Example 2 Was sub 
stantially repeated except that a temperature at Which the 
basic copper carbonate is thermally decomposed Was set to 
be 900° C. 

[0062] A poWder of copper oxide obtained in each of 
Example 2, and Comparative Examples 2-1 and 2-2 Was 
charged in an amount of 550 g into 10 l of an aqueous 
sulfuric acid solution having a HZSO4 concentration of 245 
g/l and dissolved therein, to thereby obtain each of sample 
solutions. Then, the sample solutions each Were subjected to 
?ltration by means of a ?lter paper and then the amount of 
an insoluble residue left on the ?lter paper Was measured. 
Results thereof Were as shoWn in Table 3. 

TABLE 3 

Comparative Comparative 
Example 2 Example 2-1 Example 2-2 

Amount of 22 1100 280 
Residue (mg) 
Ratio of 0.01 or less (0.004) 0.20 0.05 
Residue * (%) 

Ratio of Residue *: amount of residue/amount of copper oxide 
charged(mg) x 100 
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[0063] The results of Table 3 reveal that thermal decom 
position of the basic copper carbonate in a reducing atmo 
sphere causes an increase in the amount of the insoluble 
residue. Also, it Will be noted that the thermal decomposition 
at a temperature as high as 900° C. still shoWs the increased 
amount of insoluble residue formed by thermal decomposi 
tion even in a non-reducing atmosphere although it is 
considerably reduced as compared With that formed in a 
reducing atmosphere. On the contrary, the present invention 
highly reduces the amount of insoluble residue formed. 

EXAMPLE 3 

[0064] Copper oxide Was obtained by subjecting basic 
copper carbonate to thermal decomposition at a temperature 
of 400° C. for about 60 minutes according to the embodi 
ment described above. Then, the copper oxide Was Washed 
With Water under conditions described beloW. Then, concen 
tration of Na and Cl contained in copper oxide before the 
Washing and those thereafter Were measured by inductively 
coupled plasma-analysis of emission spectrum (ICP-AES) 
or titration. Results of the measurement Were as shoWn in 
Table 4. 

TABLE 4 

Copper Oxide 

Before Water Washing After Water Washing 

Na Concentration (ppm) 1440 84 
Cl Concentration (ppm) 58 10 

[0065] Washing Conditions: 500 g of the copper oxide 
poWder Was charged in 4500g of Water, stirred for 10 
minutes, and ?ltered folloWed by Water Washing. The Water 
Washing Was carried out using 5000 g of Water With respect 
to 500 g of copper oxide poWder. 

[0066] The results indicate that although Water Washing of 
basic copper carbonate fails to reduce a concentration of Na 
and Cl, that of copper oxide is highly effective to reduce a 
concentration of impurities. 

EXAMPLE 4 

[0067] Copper electroplating Was executed under the fol 
loWing conditions While using copper oxide having a chlo 
rine concentration (Cl concentration) of about 20 ppm as a 
copper supply. 

[0068] Electroplating Conditions: 

[0069] Anode: Titanium plate coated With platinum 
alloy (Pt:Ir=7:3) 

[0070] Cathode: Copper plate 

[0071] Electrode area: 10 cm><10 cm 

[0072] Current density, current, voltage: 1 A/dm2, 1 
A, 2.2V 

[0073] Copper concentration: 18 g/l in terms of Cu 

[0074] Concentration of sulfuric acid: 180 g/l in 
terms of HZSO4 

[0075] A chlorine concentration in the plating bath at the 
time of starting of the copper plating Was adjusted to be 
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about 20 ppm. When copper oxide Was fed so as to keep the 
copper concentration in the plating bath constant, a chlorine 
concentration in the plating bath Was not increased but 
reduced. Thus, in order to keep the chlorine concentration in 
the plating bath constant, chlorine Was added at a rate of 5 
to 20 ppm/day thereto. As a result, it Would be considered 
that the amount of chlorine generated from the anode is 
increased as compared With the amount of chlorine con 
tained in copper oxide fed. The cathode ultimately obtained 
had a highly ?at and smooth surface. 

Comparative Example 4 

[0076] Copper electroplating Was executed under substan 
tially the same conditions as in Example 4 described above 
While using copper oxide having a chlorine concentration of 
about 140 ppm as a copper supply. 

[0077] A chlorine concentration in the plating bath at the 
time of starting of the copper plating Was adjusted to be 
about 20 ppm. When copper oxide Was fed so as to keep the 
copper concentration in the plating bath constant, a chlorine 
concentration in the plating bath Was increased at a rate of 
2 to 4 ppm/day. This Would be due to the fact that the amount 
of chlorine contained in the copper oxide fed Was increased 
as compared With the amount of chlorine generated from the 
anode. After 40 days, a chlorine concentration in the plating 
bath Was increased to a level of about 150 ppm. The cathode 
ultimately obtained had a rough surface as compared With 
that obtained in Example 4 described above. 

[0078] NoW, an embodiment of a method for manufactur 
ing a material for copper electroplating or a copper electro 
plating material consisting a basic copper carbonate accord 
ing to the present invention Will be described With reference 
to FIG. 5, Which generally shoWs an apparatus of the batch 
type for executing such a method. In a method of the 
illustrated embodiment, an aqueous cupric chloride (CuCl2) 
solution having a copper concentration, for example, of 10% 
by Weight and an aqueous solution containing a carbonate 
ion are fed through feed lines 100 and 200 to a reaction tank 
9 in Which, for example, pure Water is previously ?lled so 
that a mixed solution of both aqueous solutions has a 
predetermined pH value Within a range of betWeen 8.0 and 
9.0. For example, aqueous solution containing a carbonate 
ion may be an aqueous solution of sodium carbonate having 
a carbonate concentration of 7% by Weight. Then, the mixed 
solution is stirred for a predetermined period of time by 
stirring means 91, to thereby lead to a reaction betWeen 
cupric chloride and sodium carbonate. 

[0079] In FIG. 5, reference numeral 301 designates a pH 
detection section for detecting a pH (hydrogen ion concen 
tration) of the solution in the reaction tank 9. Reference 
numeral 302 is a temperature detection section for detecting 
a temperature of the solution in the reaction tank 9. Detec 
tion signals detected by the pH detection section 301 and 
temperature detection section 302 are fed to a control section 
400. The feed lines 100 and 200 are provided with flow 
control sections 101 and 201, respectively. The flow control 
sections 101 and 201 each may be constituted by a valve. 
The flow control sections 101 and 201 each are operated to 
control a feed rate of each of the aqueous cupric chloride 
solution and aqueous sodium carbonate solution so that a pH 
detected by the pH detection section 301 may have a 
predetermined value. 
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[0080] Then, heated Water vapor (steam) is introduced into 
the mixed solution in the reaction tank 9 While being 
bubbled through a bubbling means 303 such as an air 
diffusing pipe or the like arranged in the reaction tank 9, to 
thereby heat the mixed solution so as to permit it to have a 
predetermined temperature Within a range of betWeen 75 ° C. 
and 90° C., resulting in a reaction of the mixed solution 
being carried out. The reaction may take place for, for 
example, tWo hours. The above-described heating of the 
mixed solution may be controlled by adjusting the degree of 
opening of a valve 305 provided on a steam line 304 through 
the control section 400 depending on a signal detected by the 
temperature detection section 302. 

[0081] The above-described reaction is advanced accord 
ing to the chemical formulas (1) to (3) described above, so 
that basic copper carbonate may be formed in reaction tank 
9 and precipitated in the form of a poWder therein. Then, a 
valve 92 is opened, so that a slurry Which is the precipitated 
poWder may be draWn out to a centrifugal separator 500, in 
Which a solid matter of the slurry is separated from a mother 
liquor thereof by centrifuging. Subsequently, the solid mat 
ter is introduced into a drier 600 for drying, resulting in a 
poWder of basic copper carbonate being provided. 

[0082] A pH of the mixed solution in the reaction tank 9 
beloW 8.0 causes a chlorine concentration of the thus 
obtained basic copper carbonate to be increased, Whereas the 
pH above 9.0 causes the basic copper carbonate to be 
partially changed into copper oxide and leads to an increase 
in the amount of alkali used. Thus, in the illustrated embodi 
ment, the pH is preferably set Within a range of betWeen 8.0 
and 9.0. 

[0083] Areaction temperature of the mixed solution (tem 
perature of the mixed solution) in the reaction tank 9 Which 
is 70° C. or beloW Would permit a chlorine concentration of 
the basic copper carbonate to be reduced When the reaction 
time is increased. HoWever, a reduction in chlorine concen 
tration to a level beloW a reference level predetermined by 
the present invention is not attained even by the reaction 
extending over 8 hours, as Will be noted from examples 
described beloW; thus, the reaction temperature at 70° C. or 
beloW is not commercially accepted. On the contrary, the 
reaction temperature at 75° C. leads to a satisfactory reduc 
tion in chlorine concentration by the reaction for, for 
example, 1.5 hours or more. The chlorine concentration 
tends to be decreased With an increase in reaction tempera 
ture When the reaction time is rendered the same. HoWever, 
in the illustrated embodiment, the reaction temperature 
above 95° C. causes an increase in chlorine concentration as 
Will be noted from the examples described beloW. Also, even 
When the reaction temperature is set at a target value, it is 
unavoidable that the temperature is actually someWhat var 
ied. Thus, in the illustrated embodiment, the reaction tem 
perature, the target value is necessarily set to be Within a 
range of betWeen 75° C. and 90° C. 

[0084] The illustrated embodiment is directed to the 
method of the batch type. Alternatively, the method of the 
illustrated embodiment may be continuously practiced, for 
example, in a manner to discharge the mixed solution from 
an upper peripheral edge of the reaction tank While upWardly 
feeding an aqueous cupric chloride solution and an aqueous 
cupric sulfate solution to the reaction tank from a bottom 
thereof. In such continuous processing, the reaction time is 
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de?ned to be a period of time for Which the solution resides 
or is retained in the reaction tank. 

[0085] The copper ion source Which is a material for the 
basic copper carbonate may be constituted by an aqueous 
cupric sulfate solution in place of an aqueous cupric chloride 
solution. This causes SO4 to be introduced from the cupric 
sulfate into the basic copper carbonate. In this instance, 
reaction conditions for permitting a reduction in SO4 con 
centration Which include a pH of the mixed solution, a 
reaction temperature thereof and a reaction time thereof are 
the same as those for reducing introduction of Cl from cupric 
chloride into the basic copper carbonate. A concentration of 
copper in the aqueous cupric chloride solution is preferably 
Within a range of, for example, betWeen 5% by Weight and 
24% by Weight. A concentration of copper in the aqueous 
cupric sulfate solution is preferably Within a range of, for 
example, betWeen 5% by Weight and 16% by Weight. Also, 
a carbonate concentration of the aqueous sodium carbonate 
solution is preferably, Within a range of, for example, 
betWeen 2% by Weight and 15% by Weight. 

[0086] The carbonate ion sources may include carbonates 
of alkaline metals such as sodium carbonate, sodium bicar 
bonate, potassium carbonate and the like, carbonates of 
alkaline earth metals such as calcium carbonate, magnesium 
carbonate, barium carbonate and the like, ammonium car 
bonate ((NH4)2CO3), and the like. Alternatively, carbon 
dioxide gas may be introduced or bloWn into the aqueous 
solution Without using the carbonates. 

[0087] In the illustrated embodiment, use of cupric chlo 
ride permits the amount of Cl contained in the basic copper 
carbonate to be reduced and use of cupric sulfate reduces a 
content of S (derived from S04) in the copper carbonate. 
Thus, use of the basic copper carbonate as a material for 
copper plating or a copper plating material permits an 
increase in a period of time in Which a concentration of 
impurities in the plating bath reaches an upper limit prede 
termined from a vieWpoint of control of the plating bath, 
resulting in the number of times of reneWal or refreshment 
of the plating bath being reduced, leading to a decrease in 
plating cost. 

[0088] NoW, another embodiment of a method for manu 
facturing a material for copper electroplating or a copper 
electroplating material made of basic copper carbonate 
according to the present invention Will be described. In the 
embodiment described above, the reaction temperature is set 
to be Within a range of betWeen 75° C. and 90° C. In the 
illustrated embodiment, a reaction temperature is set to be 
95° C. or more. In the embodiment described above, an 
increase in reaction temperature leads to a reduction in a 
content of Cl and S (derived from SO 4) in the basic copper 
carbonate. HoWever, in the illustrated embodiment to be 
described later, it Was found that an increase in reaction 
temperature leads to an increase in concentration of these 
impurities. Also, it Was found that the reason is due to a 
variation in feed ratio betWeen an aqueous cupric chloride 
(or cupric sulfate) solution constituting an acid side and an 
aqueous sodium carbonate solution constituting an alkali 
side. Thus, irrespective of control at the same pH value, an 
increase in reaction temperature tends to reduce a ratio (feed 
ratio) betWeen the feed rate of the aqueous sodium carbonate 
solution and that of the aqueous copper chloride solution, to 
thereby lead to excessive feed of the aqueous copper chlo 
ride solution. 
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[0089] More speci?cally, When a target level of the pH at 
75° C. is set to be 8.0, the feed ratio is 2.0; Whereas When 
the target level at 95° C. is set at 8.0, the feed ratio is, for 
example, 1.2. This is not due to dependence of the pH on a 
temperature because the solution having a pH of 8.0 at 100° 
C. still has a pH (detected pH) of 8.0 When the temperature 
is reduced to a level of 75° C. Thus, it is supposed that even 
When the aqueous solution has an apparent pH(detected pH) 
of 8.0 at about 95° C., the actual pH is different from the 
apparent pH. This means that When the actual pH is 8.0, the 
apparent pH is out of 8.0. This Would cause the feed ratio at 
95° C. to be considerably different from that at 75° C., 
resulting in the aqueous cupric chloride solution being 
excessively fed as compared With the aqueous sodium 
carbonate solution, leading to an increase in Cl concentra 
tion. 

[0090] Thus, When the reaction temperature is set to be 95 ° 
C. or more, the feed ratio rather than pH is controlled. A 
range in Which the feed ratio is set is varied depending on a 
concentration of the mixed solution. Thus, in the present 
invention, a molar ratio betWeen a copper ion and a carbon 
ate ion in the mixed solution is de?ned for the feed ratio. 
Thus, When the aqueous cupric chloride solution is used, the 
aqueous cupric chloride solution and an aqueous solution 
containing a carbonate ion are fed to a reaction tank 9 While 
adjusting the feed ratio so as to ensure that a molar ratio 
betWeen the copper ion and the carbonate ion in the mixed 
solution is 111.3 to 2.6. When the aqueous cupric sulfate 
solution is used, the aqueous cupric sulfate solution and the 
aqueous solution containing the carbonate ion are fed to the 
reaction tank 9 While adjusting the feed ratio so as to ensure 
that a molar ratio betWeen the copper ion and the carbonate 
ion in the mixed solution is 112.3 to 4.6. 

[0091] The method of the illustrated embodiment may be 
executed by means of a continuous processing apparatus 
shoWn in FIG. 6 by Way of example. The continuous 
processing apparatus of FIG. 6 is constructed in such a 
manner that a reaction tank 9 has feed lines 100 and 200 
connected to, for example, a bottom thereof and is con?g 
ured so as to discharge the solution through an over?oW 
portion 93 formed on an upper peripheral edge thereof. A 
control section 400 controls ?oW control sections 101 and 
201 depending on a feed ratio (set value of feed ratio) 
betWeen the aqueous cupric chloride solution and the aque 
ous sodium carbonate solution Which permits a molar ratio 
betWeen the copper ion and the carbonate ion to be 1:1.3 to 
2.6, to thereby control the feed ratio. The aqueous solutions 
thus fed to the reaction tank 9 are held therein for a 
predetermined period of time, during Which the solutions are 
reacted With each other. Then, the mixed solution is out 
Wardly discharged through the over?oW portion 93. In the 
illustrated embodiment, a pH detection section 301 may be 
arranged so as to monitor a pH of the mixed solution, to 
thereby output any alarm and provide a Warning to an 
operator When a value detected is out of a predetermined 
range. Such construction ensures stabiliZation of the pro 
cessing. 

[0092] As can be seen from the foregoing, the illustrated 
embodiment not only permits a reduction in concentration of 
each of Cl and SO4 contained in the basic copper carbonate, 
but reduces alkaline metal such as sodium and/or alkaline 
earth metal incorporated from the carbonate into the plating 
bath. Accumulation of alkaline metal and/or alkaline earth 
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metal in the plating bath causes sulfate thereof to be possibly 
deposited on an surface of an article plated. In order to avoid 
such a problem, it is required to increase the number of times 
of refreshment of the plating bath. The illustrated embodi 
ment constructed as described above effectively eliminates 
the disadvantage. 

[0093] The thus-obtained basic copper carbonate may be 
fed as a copper supply for copper plating to such an 
apparatus as described above With reference to FIG. 2. 

[0094] The illustrated embodiment of the present inven 
tion Will be understood more readily understood With ref 
erence to the folloWing examples; hoWever, these eXamples 
are intended to illustrate the invention and not to be con 
strued to limit the scope of the invention. 

EXAMPLE 5-1 

[0095] A laboratory-scale apparatus constructed in corre 
spondence to the apparatus shoWn in FIG. 5 Was used. A 
reaction tank of the apparatus Was previously ?lled therein 
With a suitable amount of pure Water, Which Was kept at a 
temperature of 75° C. While being stirred. Then, the reaction 
tank Was fed therein With the aqueous cupric chloride 
solution and aqueous sodium carbonate solution so as to 
render a pH target value (controlled pH) constant and Was 
heated by a heater so as to maintain a reaction temperature 
therein constant. Then, the miXed solution Was stirred to 
deposit or precipitate basic copper carbonate in the reaction 
tank, Which Was then subjected to solid-liquid separation, to 
thereby obtain a poWder of basic copper carbonate. The 
reaction conditions Were as folloWs: 

[0096] Aqueous cupric chloride solution: Copper 
concentration of 10% by Weight 

[0097] Aqueous sodium carbonate solution: Carbon 
ate ion concentration of 7% by Weight 

[0098] Reaction time in reaction tank: 2 hours 

[0099] Reaction temperature: 75° C. 

[0100] pH target value: 8.0 

[0101] The reaction temperature Was slightly varied 
Within a range of 75° C. 12° C. Also, pH Was likeWise 
slightly varied Within a range of 8.0102. Then, a concen 
tration of each of Cl and Na in the thus-obtained basic 
copper carbonate Was measured. Results thereof Were as 
shoWn in Table 5. Table 5 shoWs results of Example 5-2 to 
Comparative EXample 5-3 as Well. 

TABLE 5 

Reaction Reaction 
Temp. Time Cl Na 
(° C) (Hr) PH (ppm) (ppm) 

EX * 5-1 75 2 8.0 75 
EX 5-2 75 2 8.5 65 
EX. 5-3 75 2 8.75 60 
EX 5-4 75 2 9.0 50 
EX. 5-5 80 2 8.0 70 3200 
EX 5-6 90 2 8.0 40 1800 
EX 5-7 75 4 8.0 60 2200 
EX. 5-8 75 8 8.0 40 1500 
EX. 5-9 75 2 8.0 30 100 
EX 5-10 75 2 8.0 60 1400 
EX 5-11 75 4 8.5 40 1800 
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TABLE 5-continued 

Reaction Reaction 
Temp. Time Cl Na 
(° C) (Hr) PH (ppm) (ppm) 

EX. 5-12 75 1.5 8.0 80 
Corn. EX.** 5-1 75 2 7.3 150 
Corn. EX. 5-2 70 2 8.0 170 
Corn. EX. 5-3 70 8 8.0 100 

EX": EXample 
Corn. EX.**: Comparative EXample 

[0102] EXamples 5-2, 5-3 and 5-4 

[0103] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5 -1 eXcept that the 
pH target value Was set to be 8.5, 8.75 and 9.0, respectively. 

EXAMPLES 5-5 and 5-6 

[0104] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5 -1 eXcept that the 
reaction temperature Was set to be 80° C. and 90° C., 
respectively. 

EXAMPLES 5-7 and 5-8 

[0105] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5 -1 eXcept that the 
reaction time Was set to be 4 hours and 8 hours, respectively. 

EXAMPLES 5-9 and 5-10 

[0106] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5-1 eXcept that a 
carbonate ion concentration of the aqueous sodium carbon 
ate solution Was set to be 2.0% by Weight and 3.5% by 
Weight, respectively. 

EXAMPLE 5-11 

[0107] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5 -1 eXcept that the 
reaction time Was set to be 4 hours and the pH target value 
Was set to be 8.5. 

EXAMPLE 5-12 

[0108] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5 -1 eXcept that the 
reaction time Was set to be 1.5 hours. 

Comparative EXample 5-1 

[0109] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5 -1 eXcept that the 
pH target value Was set to be 7.3 

[0110] Comparative EXample 5-2 

[0111] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5 -1 eXcept that the 
reaction temperature Was set to be 70° C., the pH target 
value Was set to be 8.0, and the reaction time Was set to be 
2 hours. 

Comparative EXample 5-3 
[0112] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of EXample 5 -1 eXcept that the 
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reaction temperature Was set to be 70° C., the pH target 
value Was set to be 8.0 and the reaction time Was set to be 
8 hours. 

[0113] The results shown in Table 5 clearly indicate that 
setting of the reaction temperature at 75° C. or more and 
setting of pH at 8.0 or more permit a concentration of Cl 
contained in the basic copper carbonate to be reduced to a 
level of 80 ppm or less aimed at by the present invention. 

EXAMPLE 6-1 

[0114] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of Example 5-1 except that an 
aqueous cupric sulfate solution having a copper concentra 
tion of 5% by Weight Was substituted for the aqueous cupric 
chloride solution. 

EXAMPLES 6-2 and 6-3 

[0115] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of Example 6-1 except that the 
reaction temperature Was set to be 80° C. and 90° C., 
respectively. 

EXAMPLE 6-4 

[0116] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of Example 6-1 except that the 
reaction time Was set to be 1.5 hours. 

Comparative Example 6-1 

[0117] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of Example 6-1 except that the 
pH target value Was set to be 7.3. 

[0118] Aconcentration of each of SO4 and Na contained in 
the basic copper carbonate obtained in each of the examples 
and comparative examples Was measured. Results of the 
measurement Were as shoWn in Table 6. 

TABLE 6 

Reaction Reaction 
Temp. Time SO4 Na 
(° C) (Hr) PH (ppm) (ppm) 

Ex. 6-1 75 2 8.0 190 
Ex. 6-2 80 2 8.0 180 1830 
Ex. 6-3 90 2 8.0 130 1030 
Ex. 6-4 75 1.5 8.0 200 
Com. Ex. 6-1 75 2 7.3 510 

[0119] In Example 6-1 to Comparative Example 6-1, 
substitution of the aqueous cupric sulfate solution for the 
aqueous cupric chloride solution causes an anion introduced 
into the basic copper carbonate to be SO4 rather than Cl. 
Thus, it Will be readily expected that employment of the 
same reaction conditions as in the aqueous copper chloride 
solution leads to a reduction in concentration of SO 4. For the 
sake of con?rmation, a variation in SO4 concentration 
depending on a variation in pH Was measured. As a result, 
the concentration Was increased to a level as high as 510 
ppm When pH is beloW 8.0; Whereas it Was reduced to a level 
as loW as 200 ppm or less When pH is at 8.0. 

EXAMPLE 7-1 

[0120] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of Example 5-1 except that the 
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reaction temperature Was set to be each of 75° C., 80° C., 90° 
C., 95° C. and 100° C. Then, a concentration of Cl in each 
of the basic copper carbonates thus obtained Was measured. 
Results of the measurement Were as shoWn in Table 7. 
(Results in connection With 75° C., 80° C. and 90° C. Were 
described above.) Also, a feed ratio of the aqueous sodium 
carbonate Which constitutes an alkali side to the aqueous 
cupric chloride solution Which constitutes an acid side(fed 
amount of an aqueous sodium carbonate solution divided by 
fed amount of an aqueous cupric chloride solution) Was as 
shoWn in Table 7. 

TABLE 7 

Reaction Temperature (° C.) 

75 80 90 95 100 

Cl Concentration (ppm) 75 70 40 110 50000 
Feed Ratio 2.0 1.9 1.8 1.5 1.2 

[0121] The results of Table 7 indicate that When the 
reaction temperature is 95° C. or more, control of the feed 
ratio by pH control causes the aqueous cupric chloride 
solution Which is a Cl source to be relatively excessively fed 
for the same reason, resulting in the Cl concentration of the 
basic copper carbonate being increased. 

[0122] In vieW of the above, a reaction Was carried out 
Which permits a feed ratio at a temperature of 95° C. to be 
1.8 Which is a feed ratio obtained at a temperature of 90° C. 
and a pH of 8.0. Also, a reaction Which permits a feed ratio 
at a temperature of 100° C. to be 2.0 Which is a feed ratio 
obtained at a temperature of 75° C. and a pH of 8.0 Was 
carried out. As a result, the basic copper carbonates obtained 
by the reactions had a Cl concentration of 35 ppm and 40 
ppm, respectively. Thus, it Will be noted that When the 
reaction temperature is set to be 95° C. or more, it is effective 
to carry out control so as to render the feed ratio constant or 
set it Within a predetermined range Without carrying out pH 
control. 

EXAMPLE 7-2 

[0123] Basic copper carbonate Was obtained by substan 
tially repeating the procedure of Example 6-1 except that the 
aqueous cupric sulfate solution Was substituted for the 
aqueous cupric chloride and the reaction temperature Was set 
to be each of 75° C., 80° C., 90° C., 95° C. and 100° C. Then, 
a concentration of SO 4 in each of the basic copper carbon 
ates thus obtained Was measured. Results of the measure 
ment Were as shoWn in Table 8. (Results in connection With 
75° C., 80° C. and 90° C. Were described above.) Also, a 
feed ratio of the aqueous sodium carbonate Which consti 
tutes an alkali side to the aqueous cupric sulfate solution 
Which constitutes an acid side Was as shoWn in Table 8. 

TABLE 8 

Reaction Temperature (° C.) 

75 80 90 95 100 

SO4 Concentration (ppm) 190 180 130 360 15000 
Feed Ratio 1.8 1.7 1.6 1.3 1.0 
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[0124] The results of Table 8 indicate that the reaction 
temperature of 95° C. or more causes an increase in differ 
ence betWeen the actual pH and the apparent pH as described 
above With respect to the embodiment shoWn in FIG. 6, so 
that control of the feed ratio by pH control causes the 
aqueous cupric sulfate solution acting as a SO 4 source to be 
relatively excessively fed, resulting in the SO 4 concentration 
of the basic copper carbonate being increased. 

[0125] In vieW of the above, a reaction Was carried out 
Which permits a feed ratio at a temperature of 95° C. to be 
1.6 Which is a feed ratio obtained at a temperature of 90° C. 
and a pH of 8.0. Also, a reaction Which permits a feed ratio 
at a temperature of 100° C. to be 1.8 Which is a feed ratio 
obtained at a temperature of 75° C. and a pH of 8.0 Was 
carried out. As a result, the basic copper carbonates obtained 
by the reactions had a SO4 concentration of 200 ppm and 
120 ppm, respectively. 

EXAMPLE 8-1 

[0126] Copper electroplating Was executed using basic 
copper carbonate having a Cl concentration(chloride con 
centration) of about 50 ppm as a copper supply under the 
folloWing conditions: 

[0127] Electroplating Conditions: 

[0128] Anode: Titanium plate coated With platinum 
alloy (Pt:Ir=7:3) 

[0129] Cathode: Copper plate 

[0130] Electrode area: 10 cm><10 cm 

[0131] Current density, current, voltage: 1 A/dm2, 
1A, 2.2V 

[0132] Copper concentration: 18 g/l in terms of Cu 

[0133] Concentration of sulfuric acid: 180 g/l in 
terms of H2 SO4 

[0134] A chlorine concentration in the plating bath at the 
time of starting of the plating Was adjusted to be about 20 
ppm. When basic copper carbonate Was fed so as to keep the 
copper concentration constant, a chlorine concentration in 
the plating bath Was increased to a level of 1 to 2 ppm/day. 
HoWever, the Cl concentration Was rendered constant at the 
time When the Cl concentration in the plating bath reached 
a level of about 40 ppm. An increase in Cl concentration Was 
not observed even after lapse of 40 days. Thus, it Would be 
considered that the amount of chlorine generated from the 
anode is balanced With the amount of chlorine contained in 
basic copper carbonate oxide fed. The cathode ultimately 
obtained had a highly ?at and smooth surface. 

EXAMPLE 8-2 

[0135] Copper electroplating Was executed by substan 
tially repeating the procedure of Example 8-1 except that 
basic copper carbonate having a SO4 concentration of about 
150 ppm Was used as a copper supply. 

[0136] The copper electroplating Was started While keep 
ing an initial sulfuric acid concentration in the plating bath 
at 180 g/l. When basic copper carbonate Was fed so as to 
keep the copper concentration constant, a SO 4 concentration 
in the plating bath Was increased to a level of 9 mg/day. 
VolatiliZation of SO4 from the plating bath or the like Was 
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not observed. Accumulation of SO4 in the plating bath Was 
very sloW, therefore, it Would be considered that dilution of 
the plating bath or the like is not required for control of the 
SO 4 concentration in the plating bath. 

Comparative Example 8-1 

[0137] Copper electroplating Was executed by substan 
tially repeating the procedure of Example 8-1 except that 
basic copper carbonate having a Cl concentration of about 
200 ppm Was used as a copper supply. 

[0138] A chlorine concentration in the plating bath at the 
time of starting of the plating Was adjusted to be about 20 
ppm. When basic copper carbonate Was fed to the plating 
bath so as to keep the copper concentration constant, a Cl 
concentration in the plating bath Was increased to a level of 
3 to 4 ppm/day. This Would be due to the fact that the amount 
of chlorine generated from the anode is reduced as compared 
With the amount of chlorine contained in basic copper 
carbonate oxide fed. After lapse of 40 days, the Cl concen 
tration in the plating bath Was increased to about 160 ppm. 
The cathode ultimately obtained had a coarse surface as 
compared With that obtained in Example 8-1. 

Comparative Example 8-2 
[0139] Copper electroplating Was executed by substan 
tially repeating the procedure of Example 8-2 described 
above except that basic copper carbonate having a SO4 
concentration of about 500 ppm Was used as a copper 
supply. 
[0140] The copper electroplating Was started While keep 
ing an initial sulfuric acid concentration in the plating bath 
at 180 g/l. When basic copper carbonate Was fed to the 
plating bath so as to keep the copper concentration constant, 
a SO 4 concentration in the plating bath Was increased to a 
level of 30 mg/day. VolatiliZation of SO4 from the plating 
bath or the like Was not observed. This caused SO4 to be 
accumulated in the plating bath, so that it Was required to 
carry out dilution or the like in order to control of the SO4 
concentration in the plating bath. 

[0141] In vieW of the results of Example 8-1 to Compara 
tive Example 8-2, it is expected that When a Cl concentration 
of the basic copper carbonate is 80 ppm or less, no increase 
of the Cl concentration in the plating bath is observed, 
resulting in satisfactory copper electroplating. Thus, a Cl 
concentration of the basic copper carbonate is preferably 80 
ppm or less. It is also expected that When a SO4 concentra 
tion of the basic copper carbonate is 200 ppm or less, 
accumulation of SO 4 is delayed. It is further expected to take 
a long period until dilution or the like is required to control 
of the SO 4 concentration in the plating bath, even if neces 
sary. Thus, SO4 concentration of the basic copper carbonate 
is preferably 200 ppm or less. 

[0142] As can be seen from the foregoing, the present 
invention provides a copper electroplating material Which is 
easily dissolved, minimiZes formation of an insoluble resi 
due and ensures satisfactory copper plating. Also, copper 
electroplating by means of the copper electroplating material 
of the present invention minimiZes the number of times of 
refreshment of the plating bath, to thereby restrain an 
increase in plating cost. 

[0143] While preferred embodiment of the invention have 
been described With a certain degree of particularity With 
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reference to the drawings, obvious modi?cations and varia 
tions are possible in light of the above teachings. It is 
therefore to be understood that Within the scope of the 
appended claims, the invention may be practiced otherWise 
than as speci?cally described. 

What is claimed is: 
1. A method for manufacturing a copper electroplating 

material adapted to be fed as a copper ion supply to a copper 
plating bath in copper electroplating, comprising the step of: 

heating basic copper carbonate to a temperature of 250° 
C. to 800° C. in an atmosphere Which is not rendered 
reductive to carry out thermal decomposition of the 
basic copper carbonate, to thereby produce easily dis 
solved copper oXide constituting the copper electro 
plating material. 

2. A method for manufacturing a copper electroplating 
material adapted to be fed as a copper ion supply to a copper 
plating bath in copper electroplating, comprising the step of: 

heating basic copper carbonate to a temperature of 250° 
C. to 800° C. in an atmosphere Which is not rendered 
reductive to carry out thermal decomposition of the 
basic copper carbonate, to thereby produce easily dis 
solved copper oxide; and 

Washing the easily dissolved copper oXide With Water to 
provide the copper electroplating material. 

3. A method as de?ned in claim 1 or 2, Wherein the basic 
copper carbonate is obtained by miXing an aqueous solution 
of a copper salt selected from the group consisting of copper 
chloride, copper sulfate and copper nitrate and an aqueous 
solution of carbonate of a material selected from alkaline 
metal, alkaline earth metal and ammonia(NH4) With each 
other, reacting both aqueous solutions With each other While 
heating them, to thereby deposit a reaction product, and 
separating the reaction product by ?ltration. 

4. A copper electroplating material fed as a copper ion 
supply to a copper plating bath in copper electroplating, 
comprising easily dissolved copper oXide formed by heating 
basic copper carbonate to a temperature of 250° C. to 800° 
C. in an atmosphere Which is not rendered reductive to 
subject it to thermal decomposition. 

5. A copper electroplating material fed as a copper ion 
supply to a copper plating bath in copper electroplating, 
comprising easily dissolved copper oXide formed by heating 
basic copper carbonate to a temperature of 250° C. to 800° 
C. in an atmosphere Which is not rendered reductive to 
subject it to thermal decomposition, to thereby obtain a 
thermal decomposition product and then Washing the ther 
mal decomposition product With Water. 

6. A copper electroplating material as de?ned in claim 4 
or 5, Wherein the basic copper carbonate is obtained by 
miXing an aqueous solution of a copper salt selected from 
the group consisting of copper chloride, copper sulfate and 
copper nitrate and an aqueous solution of carbonate of a 
material selected from alkaline metal, alkaline earth metal 
and ammonia(NH4) With each other, reacting both aqueous 
solutions With each other While heating them, to thereby 
deposit a reaction product, and separating the reaction 
product by ?ltration. 

7. A copper electroplating material as de?ned in claim 5, 
Wherein the basic copper carbonate is obtained by miXing an 
aqueous solution of a copper salt selected from the group 
consisting of copper chloride, copper sulfate and copper 
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nitrate and an aqueous solution of carbonate of a material 
selected from alkaline metal, alkaline earth metal and 
ammonia(NH4) With each other, keeping the miXed solution 
at a pH Within a range of betWeen 7.0 and 9.0, reacting both 
aqueous solutions With each other While heating them, to 
thereby deposit a reaction product, and separating the reac 
tion product by ?ltration. 

8. A copper electroplating material as de?ned in claim 4 
or 5, Which is fed to a plating bath in Which an insoluble 
anode and a plated object acting as a cathode are arranged. 

9. A copper plating method comprising the steps of: 

feeding a copper electroplating material as de?ned in 
claim 4 or 5 to a plating bath in Which an insoluble 
anode and a plated object acting as a cathode are 
arranged; and 

subjecting the plated object to copper plating. 
10. A method for manufacturing a copper electroplating 

material fed as a copper ion supply to a copper plating bath 
in copper electroplating, comprising the steps of: 

miXing an aqueous cupric chloride solution and an aque 
ous solution containing a carbonate ion With each other 
to prepare a miXed solution; 

keeping the miXed solution at a pH Within a range of 
betWeen 8.0 and 9.0 and a temperature Within a range 
of betWeen 75° C. and 90° C. to form basic copper 
carbonate; and 

subjecting the basic copper carbonate to solid-liquid sepa 
ration and Washing, so that the basic copper carbonate 
may have a chlorine concentration of 80 ppm or less. 

11. A method for manufacturing a copper electroplating 
material fed as a copper ion supply to a copper plating bath 
in copper electroplating, comprising the steps of: 

miXing an aqueous cupric sulfate solution and an aqueous 
solution containing a carbonate ion With each other to 
prepare a miXed solution; 

keeping the miXed solution at a pH Within a range of 
betWeen 8.0 and 9.0 and a temperature Within a range 
of betWeen 75° C. and 90° C. to form basic copper 
carbonate; and 

subjecting the basic copper carbonate to solid-liquid sepa 
ration and Washing, so that the basic copper carbonate 
may have a SO4 concentration of 200 ppm or less. 

12. A method for manufacturing a copper electroplating 
material fed as a copper ion supply to a copper plating bath 
in copper electroplating, comprising the steps of: 

feeding an aqueous cupric sulfate solution and an aqueous 
solution containing a carbonate ion to a reaction tank 
While adjusting a feed ratio betWeen both aqueous 
solutions so that a molar ratio of a copper ion to a 
carbonate ion in a miXed solution of both aqueous 
solutions may be Within a range of betWeen 111.3 to 2.6; 

keeping a temperature of the miXed solution at a level of 
95° C. or more Without pH control of the miXed 
solution to produce basic copper carbonate; and 

subjecting the basic copper carbonate to solid-liquid sepa 
ration and Washing, to thereby provide the copper 
electroplating material constituted by the basic copper 
carbonate. 
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13. A method for manufacturing basic copper carbonate 
fed as a copper ion supply to a copper plating bath in copper 
electroplating, comprising the steps of: 

feeding an aqueous cupric sulfate solution and an aqueous 
solution containing a carbonate ion to a reaction tank 
While adjusting a feed ratio betWeen both aqueous 
solutions so that a molar ratio of a copper ion to 
carbonate ion in a mixed solution of both aqueous 
solutions may be Within a range of betWeen 112.3 to 4.6; 
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keeping a temperature of the miXed solution at a level of 
95° C. or more Without pH control of the miXed 
solution to produce basic copper carbonate; and 

subjecting the basic copper carbonate to solid-liquid sepa 
ration and Washing, to thereby provide the copper 
electroplating material constituted by the basic copper 
carbonate. 


