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(57) ABSTRACT 

An electrodeposited copper foil with low surface roughness 
having a Surface roughness R not higher than 2.5um and an 
elongation percentage not smaller than 6% at 180° C. in 
whichtensile strength at 25°C. measured within 20 min of the 
point in time of ending electrodeposition is not higher than 
500 MPa and the lowering rate of tensile strength at 25°C. 
measured within 300 min of the point in time of ending 
electrodeposition is not higher than 10%. The electrodepos 
ited copper foil with low Surface roughness is produced by a 
process employing aqueous solution of Sulfuric acid-copper 
Sulfate as electrolyte and conducting a DC current between an 
insoluble anode of titanium coated with a platinum metal 
element or its oxide element and a titanium cathode drum 
facing the anode, wherein the electrolyte contains hydroxy 
ethylcellulose, polyethyleneimine, a sulfonate of active 
organic sulfur compound, acetylene glycol and chlorine ions. 

2 Claims, 3 Drawing Sheets 
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US 7,789,976 B2 
1. 

LOW SURFACE ROUGHNESS 
ELECTROLYTC COPPER FOIL AND 

PROCESS FOR PRODUCING THE SAME 

TECHNICAL FIELD 

The present invention relates to an electrodeposited copper 
foil with low Surface roughness having a low lowering rate of 
a tensile strength with time or accompanied with heat treat 
ment, and having an excellent elongation rate at a high tem 
perature, and a process for producing the same. 

BACKGROUND ART 

As well known, an electrodeposited copper foil is produced 
by a method of using an aqueous solution of Sulfuric acid 
copper sulfate as an electrolyte, filling the electrolyte between 
an insoluble anode of titanium coated with a platinum metal 
element or its oxide element and a titanium cathode drum 
disposed facing the anode, conducting a DC current between 
both electrodes while a cathode drum is rotated at a constant 
rate to precipitate copper on a cathode drum Surface, peeling 
precipitated copper from a cathode drum Surface, and con 
tinuously winding this. 

In the present invention, a surface of a side on which an 
electrodeposited copper foil has been contacted with a cath 
ode drum surface is referred to as “shiny side', and a reverse 
surface is referred to as “matte side'. 
The electrodeposited copper foil is produced as described 

above is called as “electrodeposited copper foil without treat 
ment' by a person skilled in the art, and this is not used as this 
electrodeposited copper foil without treatment and, when an 
electrodeposited copper foil for a printing circuit is obtained, 
a roughening treatment step for the purpose of improving 
adherability with an insulating resin, and various Surface 
treatment steps for the purpose of imparting heat resistance, 
chemical resistance and rust proofness are performed. 

In old times, for the purpose of sharpening (roughening) a 
crest-root shape of a matte side and Suppressing a pinhole, 10 
to 100 mg/L of chlorine ion and 0.1 to 4.0 mg/L glue or gelatin 
have been added to an electrolyte in a step of producing an 
electrodeposited copper foil without treatment (see Table 1, 
Comparative Example 6 of Table 2, and FIG. 3, infra). How 
ever, in recent years, in a printed circuit board and a lithium 
ion secondary cell anode current collecting body which are 
utility of an electrodeposited copper foil, a thin electrodepos 
ited copper foil having as low roughness as possible on a 
matte side, a small roughness difference between a shiny side 
and a matte side (since a shiny side copies a Smooth shape of 
a cathode drum Surface, a roughness difference necessarily 
occurs between a shiny side and a matte side), and an excel 
lent elongation rate at a high temperature has been demanded. 

This is because, in a printed circuit board, since a path 
difference between a signal flowing on a shiny side and a 
signal flowing on a matte side can be reduced by reducing 
roughness of a matte side upon occurrence of skin effect by 
speedup of a signal frequency, the effect of preventing delay 
of a signal and, at the same time, retaining a resistance 
between insulating layers in a multi-layered Substrate is 
obtained and, by improving an elongation rate at a high tem 
perature, the effect of following resin flow generated at lami 
nation of a multi-layered substrate, and retaining connection 
reliance in a throughhole is obtained and, further, by thinning 
a foil, the effect of improving a circuit precision accompanied 
with finer line and fine patterning is obtained. 
On the other hand, in a lithium ion secondary cell cathode 

current collecting body, by reducing roughness of a matte 
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2 
side, a difference in a surface area between a shiny side and a 
matte side can be reduced and, accompanying this, the effect 
of decreasing necessary considering of a difference in a cell 
reaction is obtained. 

However, it is difficult to reduce a roughness difference 
between a shiny side and a matte side, and satisfy practical 
various mechanical properties. 

Previously, in a process for producing an electrodeposited 
copper foil, it has been known that a roughness difference 
between a shiny side and a matte side can be reduced by 
appropriately selecting and adding various water-soluble 
polymer materials, various Surfactants, various organic Sul 
fur-based compounds, and a chlorine ion to an electrolyte. For 
example, Japanese Patent No. 3313277 discloses a process 
for producing an electrodeposited copper foil using an elec 
trolyte to which a compound having a mercapto group, a 
chloride ion, as well as a low-molecular glue having a 
molecular weight of 10000 or smaller and a polymer polysac 
charide have been added (page 1), and JP-A-2002-506484 
discloses a process for producing an electrodeposited copper 
foil using an electrolyte to which low-molecular water 
soluble cellulose ether such as hydroxyethylcellulose, low 
molecular water-soluble polyalkylene glycol ether Such as 
polyethylene glycol, low-molecular water-soluble polyethyl 
eneimine and a water-soluble Sulfonated organic sulfur com 
pound have been added (page 2, pp. 18-22). 
The present inventors performed many experiments for 

obtaining an electrodeposited copper foil by the processes for 
producing an electrodeposited copper foil disclosed in the 
above respective gazettes, and investigated various properties 
of the resulting electrodeposited copper foils, and found that, 
regarding an electrodeposited copper foil obtained by the 
process for producing an electrodeposited copper foil dis 
closed in Japanese Patent No. 3313277, a tensile strength at 
25°C. measured within 20 minutes from completion of elec 
trodeposition exhibits a high value of 800 MPa, but the tensile 
strength is reduced with time, and a tensile strength at 25°C. 
measured at 240 minutes after completion of electrodeposi 
tion is reduced from 800 MPa to around 350 MPa. In addition, 
it was also found out that the tensile strength is also reduced 
by heat treatment, and a tensile strength at 25°C. measured 
after heat treatment at 100° C. for 10 minutes is reduced from 
800 MPa to 320 MPa (see Table 1, Comparative Example 7 of 
Table 2, and FIG. 1, infra). 

This is thought as follows: in the case of the process for 
producing an electrodeposited copper foil disclosed in Japa 
nese Patent No. 3313277, since a copper foil precipitated on 
a cathode drum is composed of Small crystal particles, the 
Small crystal particles tend to migrate to the thermodynami 
cally stable state by minimizing a surface area at room tem 
perature, primary recrystallization occurs at room tempera 
ture driven by interface energy at a crystal grain boundary, 
crystal particles become coarse, and remarkable reduction in 
a tensile strength occurs. 

There is a problem that, when a tensile strength of an 
electrodeposited copper foil is reduced, a crease is easily 
formed upon thinning a foil, and handling property at lami 
nation of a multi-layered substrate is deteriorated. 

In addition, in the case of the process for producing an 
electrodeposited copper foil disclosed in JP-A-2002-506484, 
since a concentration of respective additives relative to an 
electrolyte is comparatively high, copper powders are pre 
cipitated at electrolysis, causing so-called scorching state, 
and an electrodeposited copper foil cannot be peeled from a 
cathode drum surface (see Table 1, Comparative Examples 8 
and 9 of Table 2, infra). 
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Accordingly, a technical object of the present invention is 
to provide an electrodeposited copper foil with low surface 
roughness having an extremely low lowering rate of a tensile 
strength with time or accompanied with heat treatment, and 
having an excellent elongation rate at a high temperature, 
specifically, an electrodeposited copper foil with low rough 
ness having a matte side roughness RZ of an electrodeposited 
copper foil of 2.5 um or lower, a tensile strength at 25°C. 
measured within 20 minutes after completion of electrodepo 
sition of 500 MPa or higher and, at the same time, a lowering 
rate of a tensile strength at 25°C. measured at 300 minutes 
after completion of electrodeposition of 10% or lower, or a 
lowering rate of a tensile strength at 25° C. measured after 
heat treatment at 100° C. for 10 minutes, and an elongation 
rate at 180° C. of 6% or higher. 
The present inventors continued to intensively study in 

order to attain the aforementioned object and, as a result, 
obtained notable findings that, by the presence of five addi 
tives of hydroxyethylcellulose, polyethyleneimine, acetylene 
glycol, a Sulfonate salt of an active organic Sulfur compound, 
and a chlorine ion in an electrolyte comprising an aqueous 
Solution of Sulfuric acid-copper Sulfate, an electrodeposited 
copper foil having a matte side roughness RZ of an electrode 
posited copper foil of 2.5um or lower, a tensile strength at 25° 
C. measured within 20 minutes from completion of elec 
trodeposition of 500 MPa or higher and, at the same time, a 
lowering rate of a tensile strength at 25°C. measured at 300 
minutes after completion of electrodeposition of 10% or 
lower, or a lowering rate of a tensile strength at 25°C. mea 
sured after heat treatment at 100°C. for 10 minutes of 10% or 
lower, and an elongation rate at 180° C. of 6% or higher is 
obtained, accomplishing the aforementioned object. 

DISCLOSURE OF THE INVENTION 

That is, the present invention is an electrodeposited copper 
foil with low Surface roughness characterized in that a matte 
side roughness RZ of an electrodeposited copper foil is 2.5um 
or lower, a tensile strength at 25° C. measured within 20 
minutes from completion of electrodeposition is 500 MPa or 
higher and, at the same time, a lowering rate of a tensile 
strength at 25°C. measured at 300 minutes from completion 
of electrodeposition is 10% or lower, and an elongation rate at 
180° C. is 6% or higher. 

In addition, the present invention is an electrodeposited 
copper foil with low surface roughness, characterized in that 
a matte side roughness RZ of an electrodeposited copper foil 
is 2.5um or lower, a tensile strength at 25°C. measured within 
20 minutes from completion of electrodeposition is 500 MPa 
or higher and, at the same time, a lowering rate of a tensile 
strength at 25°C. measured after 300 minutes from comple 
tion of electrodeposition as well as a lowering rate of a tensil 
strength at 25°C. measured after heat treatment at 100° C. for 
10 minutes from completion of electrodeposition are 10% or 
lower, and an elongation rate at 180°C. is 6% or higher. 

In addition, the present invention is a process for producing 
an electrodeposited copper foil with low Surface roughness of 
using anacueous solution of sulfuric acid-copper Sulfate as an 
electrolyte, using an insoluble anode of titanium covered with 
a platinum metal element or its oxide element and a titanium 
cathode drum facing the anode, and conducting a DC current 
between both electrodes, characterized in that hydroxyethyl 
cellulose, polyethyleneimine, a Sulfonate salt of an active 
organic Sulfer compound, acetylene glycol and a chlorine ion 
are present in the electrolyte, and a molecular weight of the 
hydroxyethylcellulose is 250000 to 1600000. 
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4 
In addition, the present invention is a process for producing 

an electrodeposited copper foil with low Surface roughness of 
using an acueous solution of sulfuric acid-copper Sulfate as an 
electrolyte, using an insoluble anode of titanium covered with 
a platinum metal element or its oxide element and a titanium 
cathode drum facing the anode, and conducting a DC current 
between both electrodes, characterized in that the sulfonate 
salt, acetylene glycol and chlorine ion are present in the 
electrolyte, and an average molecular weight of the polyeth 
yleneimine is 10000 to 75000. 

In addition, the present invention is a process for producing 
an electrodeposited copper foil with low Surface roughness of 
using an aqueous solution of sulfuric acid-copper Sulfate as an 
electrolyte, using an insoluble anode of titanium covered with 
a platinum metal element or its oxide element and a titanium 
cathode drum facing the anode, and conducting a DC current 
between both electrodes, characterized in that hydroxyethyl 
cellulose, polyethyleneimine, a Sulfonate salt of an active 
organic sulfur compound, acetylene glycol and a chlorine ion 
are present in the electrolyte, a concentration of the hydroxy 
ethylcellulose relative to the electrolyte is 40 to 100 mg/L, 
and a concentration of the acetylene glycol relative to the 
electrolyte is 0.2 to 3.0 mg/L. 

In addition, the present invention is a process for producing 
an electrodeposited copper foil with low Surface roughness, 
wherein a mole concentration of the sulfonate salt of the 
active organic Sulfur compound relative to the electrolyte is 
5.5 to 450 umol/L. 

In addition, the present invention is a process for producing 
an electrodeposited copper foil with low Surface roughness, 
wherein a concentration of the polyethyleneimine relative to 
the electrolyte is 10 to 40 mg/L. 

In addition, the present invention is any one of the afore 
mentioned processes for producing an electrodeposited cop 
per foil with low Surface roughness, wherein a Sulfonate salt 
of an active organic Sulfur compound is selected from a sym 
metric or asymmetric disulfidosulfonate salt represented by 
the general formula: NaSO R—S S R SONa, and 
a sulfonate salt of thiol represented by the general formula: 
HS R—SO-Na or the general formula: HS Air SO-Na. 

Essential features of the present invention will be 
explained in more detail as follows. 

In the present invention, an additive to be added to an 
electrode comprising an aqueous solution of Sulfuric acid 
copper sulfate is five additives of hydroxyethylcellulose, 
polyethyleneimine, a Sulfonate salt of an active organic Sulfur 
compound, acetylene glycol and a chlorine ion, and a desired 
electrodeposited copper foil with low Surface roughness can 
be obtained only in a region that these additives have a con 
stant concentration range, and a water-soluble polymer has a 
constant molecular weight range. 

That is, hydroxyethylcellulose used in the present inven 
tion has a molecular weight of preferably 250000 to 1600000, 
more preferably 250000 to 1020000. In the case where a 
molecular weight is lower than 250000, even when the afore 
mentioned other four additives are adjusted in each preferable 
concentration range described later, a roughness of a matte 
side is not reduced, and a tensile strength is remarkably 
reduced with time or accompanied with heat treatment. On 
the other hand, it is presumed that, even when a molecular 
weight exceeds 1600000, a desired electrodeposited copper 
foil with low Surface roughness is obtained. Accordingly, an 
upper limit of a molecular weight does not determine prop 
erties of an electrodeposited copper foil with low surface 
roughness. However, as a molecular weight grows larger, a 
Viscosity is increased, and handling becomes difficult. 
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In addition, in the present invention, the hydroxyethylcel 
lulose is added so that a concentration relative to an electro 
lyte comprising an aqueous solution of Sulfuric acid-copper 
sulfate becomes preferably 40 to 100 mg/L, more preferably 
60 to 80 mg/L. When a concentration is lower than 40 mg/L, 
a roughness of a matte side is not reduced, and a tensile 
strength is remarkably reduced with time or accompanied 
with heat treatment. On the other hand, even when a concen 
tration exceeds 100 mg/L, a desired electrodeposited copper 
foil with low surface roughness is obtained. However, as a 
concentration is increased, it becomes difficult to extinguish 
bubbles by oxygen expansion generated at an anode at elec 
trolysis, bubbles are accumulated in an electrolysis tank oran 
electrolyte Supplying tank, and it becomes difficult to con 
tinuously produce an electrodeposited copperfoil. Therefore, 
from a viewpoint of production efficacy, it is preferable to 
retain a concentration of hydroxyethyl cellulose at 100 mg/L 
or lower. 

There is a tendency that a preferable concentration range of 
the hydroxyethylcellulose is shifted to a low concentration 
side as a molecular weight grows larger. 

Polyethyleneimine used in the present invention may be 
any of a linear polymer type represented by the following 
chemical formula 1 and a branch type represented by the 
following chemical formula 2, and both may be used by 
mixing them. Therefore, a ratio of the presence of primary, 
secondary and tertiary amines and the presence or the absence 
of a branch in a structure can be arbitrarily selected. 

(Chemical formula 1) 
k-C-C-N 

H. H. H. 
pi 

HN-C-C-N C-C-N :: 
H. H. H. H. H 

y 

CH 

(Chemical formula 2) 

In addition, the polyethyleneimine used in the present 
invention has an average molecular weight of preferably 
10000 to 75000, more preferably 10000 to 70000. When an 
average molecular weight is lower than 10000, an electrode 
posited copper foil with low surface roughness having matte 
side appearance with high luminance is obtained. However, a 
tensile strength of the electrodeposited copper foil with low 
Surface roughness is remarkably decreased with time or 
accompanied with heat treatment, and a tensile strength can 
not be maintained high. On the other hand, when an average 
molecular weight exceeds 75000, reduction in a tensile 
strength with time or accompanied with heat treatment is 
Suppressed, but there is a tendency that an elongation rate at a 
high temperature is reduced. 

In the present invention, the polyethyleneimine is added to 
an electrolyte comprising an aqueous solution of Sulfuric 
acid-copper Sulfate so that a concentration becomes prefer 
ably 10 to 40 mg/L, more preferably 12 to 30 mg/L. When a 
concentration is lower than 10 mg/L, a roughness of a matte 
side is reduced, but a tensile strength is remarkably reduced 
with time or accompanied with heat treatment. When a con 
centration exceeds 40 mg/L, the plated State is not realized, 
but copper powders are precipitated, and the so-called scorch 
ing state is realized. And, there is a tendency that a concen 
tration at which the plated state is transferred to the scorching 
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6 
state is shifted to a low concentration side as a molecular 
weight of the polyethyleneimine grows Smaller. 
The polyethyleneimine has nature of preventing reduction 

in a tensile strength with time or accompanied with heat 
treatment. 

Acetylene glycol used in the present invention has an addi 
tion mole amount of ethylene oxide of preferably 10 moles or 
more. When an addition mole amount is less than 10 moles, 
for example, when an addition mole weight is 3.5 moles, 
compatibility with an electrolyte cannot be retained, and there 
is a possibility that acetylene glycol is separated and depos 
ited in an electrolyte, polluting an electrodeposited copper 
foil. 

In the present invention, acetylene glycol having the afore 
mentioned addition mole amount of ethylene oxide of 10 
moles or more is added to an electrolyte comprising an aque 
ous solution of Sulfuric acid-copper Sulfate so that a concen 
tration becomes preferably 0.2 to 3.0 mg/L, more preferably 
0.5 to 1.0 mg/L, because reduction of an elongation rate at a 
high temperature can be prevented while anti-foaming prop 
erty is retained, in Such the concentration range. When an 
addition amount is less than 0.2 mg/L, anti-foaming effect is 
not obtained sufficiently. On the other hand, when a concen 
tration exceeds 3.0 mg/L, an elongation rate at a high tem 
perature is reduced. 
The acetylene glycol has nature of extinguishing bubbles 

by oxygen expansion at electrolysis generated accompanied 
with addition of the hydroxyethylcellulose. This effect is 
manifested even by addition of a small amount of acetylene 
glycol to an electrolyte. 
A sulfonate salt of an active organic sulfur compound used 

in the present invention may be any of a symmetric or asym 
metric disulfidosulfonate salt represented by the general for 
mula: NaSO R S S R SONa, and a sulfonate 
salt of thiol represented by the general formula: HS R— 
SO-Na or the general formula: HS Air SO-Na. In either 
case, it is important that a component is a Sulfonate salt, and 
even when a hydroxyl group or a carboxyl group is added in 
order to obtain water-solubility, this has no effect on reduc 
tion in a size of electrodeposited copper. Representative com 
pounds of a Sulfonate salt of an active organic Sulfur com 
pound suitable in the present invention are represented by the 
following Chemical formula 3, Chemical formula 4, Chemi 
cal formula 5 and Chemical formula 6. 

(Chemical formula 3) 
HS-C-C-C-SONa 

H. H. H. 
(Chemical formula 4) 

S-C-C-C-SONa 
H. H. H. 

S-C-C-C-SONa 
H. H. H. 

(Chemical formula 5) 

N-N 

(Chemical formula 6) 
N2 

N 

sk 
SH SONa 

In the present invention, it is not suitable to express an 
amount of the Sulfonate salt of an active organic sulfur com 
pound to be added to an electrolyte comprising an aqueous 
Solution of Sulfuric acid-copper Sulfate, as a mass concentra 
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tion. Paying attention to that the effect of a sulfonate salt of an 
active organic Sulfur compound is determined by a thiol group 
present in the structure, sodium 3,3'-dithiodipropane 
sulfonate represented by Chemical formula 4 which is a two 
molecule-associated form of sodium 3-mercapto-1-propane 
sulfonate represented by Chemical formula 3 has two thiol 
groups, and even one molecule can obtain 2-fold effect of 
Sodium 3-mercapto-1-propanesulfonate, therefore, the Sul 
fonate salt can be defined by the mole number of thiols 
present in a molecule. 

Then, when an amount of a present thiol group is expressed 
by a mole concentration, in the present invention, the Sul 
fonate salt of an active organic Sulfur compound is added to an 
electrolyte comprising an aqueous solution of Sulfuric acid 
copper Sulfate so that a mole concentration becomes prefer 
ably 5.5 to 450 umol/L, more preferably 55 to 180 umol/L. 
When a mole concentration is less than 5.5 umol/L, a rough 
ness of a matte side is not reduced, and an elongation rate at 
a high temperature is low. On the other hand, even when a 
mole concentration exceeds 450 umol/L, this does not influ 
ence on appearance and mechanical property of a precipitated 
electrodeposited copper foil. However, since the sulfonate 
salt of an active organic Sulfur compound is expensive, 
increase in a mole concentration relative to an electrolyte 
consumes an active organic Sulfur compound by useless oxi 
dative degradation with a high anode potential of an insoluble 
anode, being not economical. 
The presence of a chlorine ion in the present invention is 

very important and, in the case where a chlorine ion is not 
present in an electrolyte, even when four of the hydroxyeth 
ylcellulose, the polyethyleneimine, the acetylene glycol and 
the Sulfonate salt of an active organic Sulfur compound are 
adjusted in the aforementioned respective preferable concen 
tration ranges, a desired electrodeposited copper foil with low 
Surface roughness cannot be obtained. Only when a chlorine 
ion is present in an electrolyte, the technical object of the 
present invention is attained. 

In the present invention, a chlorine ion is added to an 
electrolyte comprising an aqueous solution of Sulfuric acid 
copper sulfate so that a concentration becomes preferably 20 
to 120 mg/L, more preferably 30 to 100 mg/L. When a con 
centration is lower than 20 mg/L, a roughness of a matte side 
is not reduced and, when a concentration exceeds 120 mg/L. 
gritty feeling is generated on a plated Surface. 

For Supplying a chlorine ion, inorganic salts which are 
dissociated in an electrolyte and release a chlorine ion are 
used and, for example, NaCl and HCl are preferable. 

In the present invention, by using an electrolyte in which 
five additives of the hydroxyethylcellulose, the polyethylene 
imine, the Sulfonate salt of an active organic Sulfur com 
pound, the acetylene glycol and a chlorine ion are added to an 
electrolyte comprising an aqueous solution of Sulfuric acid 
copper Sulfate so as to adjust to the aforementioned respective 
preferable concentration ranges, respectively, employing a 
titanium plate coated with a platinum metal oxide in an anode, 
and a titanium cathode drum in a cathode, and performing 
electrolysis under the conditions of an electrode temperature 
of 35 to 50° C. and an electrolysis current density of 20 to 50 
A/dm, a desired electrodeposited copper foil with low sur 
face roughness can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing a change in each tensile strength 
at 25°C. of an electrodeposited copper foil obtained in the 
best mode for carrying out the invention (electrodeposited 
copper foil without treatment) and an electrodeposited copper 
foil obtained in Comparative Example 7 (electrodeposited 
copper foil without treatment) with time. 
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8 
FIG. 2 is an electron micrograph (magnificationx 1000) 

taking a matte side of an electrodeposited copper foil 
obtained in the best mode for carrying out the present inven 
tion (electrodeposited copper foil without treatment). 

FIG. 3 is an electron micrograph (magnificationx 1000) 
taking a matte side of an electrodeposited copper foil 
obtained in Comparative Example 6 (electrodeposited copper 
foil without treatment). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

First, best mode for carrying out the present invention is as 
follows. 
An electrolyte comprising an aqueous Solution of Sulfuric 

acid-copper sulfate of sulfuric acid (H2SO):100 g/L, and 
copper sulfate pentahydrate (CuSO 5H2O):280 g/L was pre 
pared (hereinafter, this electrolyte is referred to as “funda 
mental electrolyte'). 
As an additive, hydroxyethylcellulose (trade name: HEC 

Daicel, product number: SP400, average molecular weight: 
250000, manufactured by Daicel Chemical Industries, Ltd.), 
polyethyleneimine (trade name: Epomin, product number: 
P-1000, average molecular weight: 70000, manufactured by 
Nippon Shokubai Co., Ltd.), sodium 3-mercapto-1-propane 
Sulfonate, acetylene glycol (tetra methyl decyl diol oxyethyl 
ene adduct, oxyethylene addition mole amount 10 moles, 
trade name: Surfinol, product number: 465, manufactured by 
Air Products) and hydrochloric acid were added to a funda 
mental electrolyte, and concentrations relative to a funda 
mental electrolyte were adjusted as follows: hydroxyethyl 
cellulose: 70 mg/L, polyethyleneimine: 20 mg/L, sodium 
3-mercapto-1-propanesulfonate: 100 mumol/L, acetylene 
glycol: 0.5 mg/L, chlorine ion: 70 mg/L (see Table 1). 

This electrolyte containing additives was filled between an 
insoluble anode of titanium coated with a platinum metal 
oxide and a titanium cathode drum which is a cathode, and 
electrodeposition was performed at an electrolysis current 
density: 40A/dm and an electrolyte temperature: 40°C. to 
obtain an electrodeposited copper foil with low surface 
roughness having a thickness of 18 Jum. 

And, the resulting electrodeposited copper foil with low 
Surface roughness (electrodeposited copper foil without treat 
ment) was subjected to the following respective measuring 
tests. First, a tensile strength (MPa) and an elongation rate 
(%) at 25°C. within 20 minutes from completion of elec 
trodeposition were measured. Subsequently, as an acceler 
ated test, heat treatment was performed in boiling water (100° 
C.) for 10 minutes and, thereafter, a tensile strength (MPa) 
and an elongation rate (%) at 25°C. were measured again. 
Further, this was re-heated, and a tensile strength (MPa) and 
an elongation rate (%) at 180°C. were measured. The afore 
mentioned each tensile strength (MPa) and each elongation 
rate (%) were measured using a 2001-type tensile testing 
machine manufactured by Intesco based on IPC-TM-650. 
And, using the measurement results, a lowering rate (%) of a 
tensile strength at 25°C. after heat treatment was calculated. 
The lowering rate of a tensile strength is a numerical value 
obtained by dividing a difference between a tensile strength at 
25° C. at completion of electrodeposition and a tensile 
strength at 25°C. after heat treatment by a tensile strength at 
25°C. at completion of electrodeposition, and multiplying by 
100. A surface roughness RZ of a matte side was measured 
using a surfcoder SE-1700C. manufactured by Kosaka Labo 
ratory Ltd. based on JIS B 0601. Results of respective mea 
surement tests are shown in Table 2. 

Then, Examples 1 to 4 of the present invention and Com 
parative Examples 1 to 9 are as follows. 

Under the same conditions as respective conditions in the 
best mode for carrying out the present invention except that a 
kind and a concentration relative to a fundamental electrolyte 
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of additives, as well as an electrolysis current density and an 
electrolyte temperature were changed as shown in Table 1, 
electrodeposited copper foils having a thickness of 18 um 
were obtained. 

And, the same measuring tests as respective measuring 
tests in the best mode for carrying out the present invention 

10 
were performed on the resulting respective electrodeposited 
copper foils (electrodeposited copper foil without treatment). 
Results of respective measuring tests are shown in Table 2. 

In Comparative Examples 8 and 9, since Scorching 
occurred, an electrodeposited copper foil could not be 
obtained, and this is expressed by a mark “-” in Table 2. 

TABLE 1 

Additive concentration 

3-Mercapto-1- 

Hydroxyethyl Polyethyl- Acetylene 
cellulose eneimine glycol 
(mg/l) (mg/l) (mg/l) 

Best mode for 70(2) 20(4) O.S 
carrying out 
he invention 
Example 1 8O(2) 30(5) 0.7 
Example 2 60(2) 12(5) O.S 
Example 3 60(1) 12(4) O.S 
Example 4 8O(l) 20(4) 1.O 
Comparative 8O(2) 12(6) O.6 
Example 1 
Comparative 70(3) 6(5) O.S 
Example 2 
Comparative 70(2) O5(5) O.S 
Example 3 
Comparative 20(2) 20(5) O.S 
Example 4 
Comparative 60(2) 20(5) 3.5 
Example 5 
Comparative 
Example 6 
Comparative 5.0(2) 
Example 7 
Comparative 2.0 x 10(2) O.2 x 103() 
Example 8 
Comparative 5.0 x 103(2) 0.5 x 103(4) 
Example 9 

propane- Electrolysis conditions 

Sulfonic Polyethylene Current Solution 
acid Chlorine ion Gelatin glycol density temperature 

(mol/l) (mg/l) (mg/l) (mg/l) (Admi) (° C.) 

OO 70 40 40 

70 8O 40 40 
60 30 40 40 
60 35 40 40 
8O 90 40 40 
60 60 50 50 

OO 70 40 45 

OO 70 40 45 

60 50 40 40 

60 35 40 40 

35 0.2(9) 45 40 

5.5 30 0.1(10) 50 60 

1OOO 0.2 x 10 50 60 

1OOO 35 0.6 x 10 50 60 

(Hy roxyethyl cellulose (trade name: HEC Daicel, product number: SP600, average molecular weight: 1020000, manufactured by Daicel Chemical Industries, Ltd.) 
(2Hy roxyethyl cellulose (trade name: HEC Daicel, product number: SP400, average molecular weight: 250000, manufactured by Daicel Chemical Industries, Ltd.) 
(Hy roxyethyl cellulose (trade name: HEC Daicel, product number: SP200, average molecular weight: 120000, manufactured by Daicel Chemical Industries, Ltd.) 

Polyethyleneimine (trade name: Epomin, product number: P-1000, average molecular weight: 70000, manufactured by Nippon Shokubai Co.,Ltd.) 
Polyethyleneimine (trade name: Epomin, product number: SP-200, average molecular weight: 10000, manufactured by Nippon Shokubai Co., Ltd.) 
Polyethyleneimine (trade name: Epomin, product number: SP-018, average molecular weight: 1800, manufactured by Nippon Shokubai Co., Ltd.) 
Acetylene glycol (trade name: Surfinol, product number; 465, manufactured by Air Products) 
Polyethylene glycol (trade name: PEG, product number: PEG2000, average molecular weight: 2000, manufactured by Sanyo Chemical Industries, Ltd.) 

(Gelatin (trade name:powdery gelatin (polymer), product number:YK, manufactured by Yasu Chemical Inc.) 
(Gelatin (trade name: water-soluble gelatin, product number: U, manufactured by Nitta Gelatin Inc.) 

TABLE 2 

Best mode for 
carrying out 
the invention 
Example 1 
Example 2 
Example 3 
Example 4 
Comparative 
Example 1 

Room temperature (25 C. 

After heat treatment 
At completion of 100° C. 10 min. Reduction 180° C. 

electrodeposition 

Tensile 

strength 
(MPa) 

820 

890 
900 
6SO 
880 
720 

Elonga 

rate (%) 
tion 

6.5 

S.O 
4.0 
6.0 
4.0 

1O.O 

High temperature 

Elonga- rate in Elonga 

Tensile tion tensile Tensile tion Surface roughness 

strength rate strength strength rate Matte side Shiny side 
(MPa) (%) (%) (MPa) (%) (Lm) (Lm) 

800 7.0 2.4 210 1S.O 2.O 2.2 

890 6.O O 205 9.0 2.3 2.2 
880 7.0 2.2 185 17.0 1.5 2.2 
600 7.0 7.7 210 6.O 2.2 2.2 
860 3.8 2.3 205 7.0 2.O 2.2 
350 1O.O 514 215 3.5 2.2 2.1 
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TABLE 2-continued 

Room temperature (25 C. 

After heat treatment 

12 

High temperature 
At completion of 100° C. 10 min. Reduction 180° C. 

electrodeposition Elonga- rate in Elonga 

Tensile Elonga- Tensile tion tensile Tensile tion Surface roughness 

strength tion strength rate strength strength rate Matte side Shiny side 
(MPa) rate (%) (MPa) (%) (%) (MPa) (%) (Lm) (Lm) 

Comparative 800 6.5 400 7.0 SO.O 210 2.0 3.2 2.1 
Example 2 
Comparative 800 7.0 380 1O.O 52.5 205 1S.O 2.0 2.1 
Example 3 
Comparative 600 3.0 390 3.2 3S.O 210 1OSO 2.8 2.0 
Example 4 
Comparative 800 S.O 780 S.O 2.5 220 2.5 2.2 2.0 
Example 5 
Comparative 330 S.O 330 S.O O 210 1.8 3.5 2.0 
Example 6 
Comparative 800 7.0 320 9.2 6O.O 205 18.0 1.9 2.1 
Example 7 
Comparative 
Example 8 
Comparative 
Example 9 

In addition, regarding respective electrodeposited copper 
foils (electrodeposited copper foil without treatment) 
obtained in the best mode for carrying out the present inven 
tion and Comparative Example 7, a tensile strength (MPa) 
was measured every 20 minutes from electrodeposition 
completion in the state where room temperature was retained 
at 25°C., using a 2001-type tensile testing machine manu 
factured by Intesco based on IPC-TM-650. Results are shown 
in a graph of FIG.1. In the graph, an ordinate axis indicates a 
tensile strength (MPa), an abscissa axis indicates a time (min) 
passed from electrodeposition completion, measurement 
results of an electrodeposite copper foil with low surface 
roughness obtained in the best mode for carrying out the 
present invention are indicated by a Solid line, and measure 
ment results of an electrodeposited copper foil with low sur 
face roughness obtained in Comparative Example 7 are indi 
cated by a dotted line. 

From the graph of FIG. 1, it can be confirmed that, in an 
electrodeposited copper foil obtained in Comparative 
Example 7, a tensile strength is remarkably reduced as a time 
passes from electrodeposition completion, while in an elec 
trodeposited copper foil obtained in the best mode for carry 
ing out the present invention, a high tensile strength is main 
tained even when a time passes from electrodeposition 
completion. 
A lowering rate of a tensile strength at 25° C. measured 

after 100 minutes from electrodeposition completion, of an 
electrodeposited copper foil obtained in the best mode for 
carrying out the present invention was 0.7%, a lowering rate 
of a tensile strength at 25°C. measured after 200 minutes was 
1.3%, and a lowering rate of a tensile strength at 25° C. 
measured after 300 minutes was 1.9%. 

FIG. 2 is an electron micrograph (magnificationx 1000) 
taking a matte side of an electrodeposited copper foil (elec 
trodeposited copper foil without treatment) obtained in the 
best mode for carrying out the present invention, and FIG.3 is 
an electron micrograph (magnificationX1000 taking a matte 
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side of an electrodeposited copper foil (electrodeposited cop 
perfoil without treatment) obtained in Comparative Example 
6. When both micrographs are compared, it can be confirmed 
that a roughness of a matte side of an electrodeposited copper 
foil obtained in the best mode for carrying out the present 
invention is reduced. 

INDUSTRIAL APPLICABILITY 

According to the present invention, an electrodeposited 
copper foil with low Surface roughness (electrodeposited 
copper foil without treatment) having a reduced roughness of 
a matte side roughness RZ of 2.5um, a low lowering rate of a 
tensile strength with time or accompanied with heat treat 
ment, and an excellent elongation rate at a high temperature, 
which is optimal in utility of a printed circuit board and a 
lithium ion secondary cell anode current collecting body can 
be provided. 
The invention claimed is: 
1. An electrodeposited copper foil with low surface rough 

ness, comprising a matte side roughness RZ of an electrode 
posited copper foil is 2.5um or less, a tensile strength at 25° 
C. measured within 20 minutes from completion of elec 
trodeposition is 880 MPa or higher and, at the same time, a 
lowering rate of a tensile strength at 25°C. measured after 300 
minutes from completion of electrodeposition is 10% or 
lower. 

2. An electrodeposited copper foil with low surface rough 
ness, comprising a matte side roughness RZ of an electrode 
posited copper foil is 2.5 um or lower, a tensile strength at 25° 
C. measured within 20 minutes from completion of elec 
trodeposition is 880 MPa or higher and, at the same time, a 
lowering rate of a tensile strength at 25°C. measured after 
heat treatment at 100° C. for 10 minutes from completion of 
electrodeposition is 10% or lower. 
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