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(57) ABSTRACT 

It is an object to provide a surface-treated electro-deposited 
copper foil which has a low profile at a level equal to or 
excellent than that of low-profile surface-treated electro-de 
posited copperfoils that have conventionally been Supplied to 
the market and in which waviness affecting the straight line 
performance of wiring is Small, and a method for manufac 
turing the same. In order to achieve this object, in the Surface 
treated electro-deposited copper foil, the maximum waviness 
height (Wmax) of the bonding surface to be bonded with an 
insulation layer-constituting material to be 0.05um to 0.7 um, 
the maximum peak to valley height (PV) to be 0.05 to 1.5um, 
and the surface roughness (RZjis) to be 0.1 um to 1.0 um. The 
electro-deposited copper foil used for the manufacturing of 
this Surface-treated electro-deposited copper foil is manufac 
tured by using a Sulfuric acid base copper electrolytic Solution 
obtained by adding 3-mercapto-1-propanesulfonic acid or 
bis(3-sulfopropyl)disulfide, a quaternary ammonium salt 
polymer having a cyclic structure, and chlorine, and using a 
cathode having Small Surface roughness, under electrolysis 
conditions of carrying out continuous first-step electrolysis to 
n-th-step electrolysis at two or more different levels of elec 
tric current density. 

22 Claims, 3 Drawing Sheets 
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1. 

SURFACE-TREATED ELECTRO-DEPOSITED 
COPPER FOIL AND METHOD FOR 
MANUFACTURING THE SAME 

TECHNICAL FIELD 

The present invention relates to a surface-treated electro 
deposited copper foil, an electro-deposited copper foil, and a 
method for manufacturing the same, as well as a rigid copper 
clad laminate, a rigid printed wiring board, a flexible copper 
clad laminate, and a flexible printed wiring board using the 
surface-treated electro-deposited copper foil. Particularly, the 
present invention relates to a Surface-treated electro-depos 
ited copper foil having a bonding surface, to be bonded with 
an insulation layer-forming material, having Small waviness 
that is excellent in fine pattern wiring forming performance 
when used for a printed wiring board and the like, and to a 
method for manufacturing the same. 

BACKGROUND ART 

An electro-deposited copper foil is widely used as the base 
material of a printed wiring board because metal copper is 
good in electric conductivity, is relatively cheap, and is easy 
in handling also. The so-called downsizing, Such as miniatur 
ization and weight reduction, is required for electronic and 
electrical equipment in which plenty of printed wiring boards 
are used. Conventionally, in order to perform Such downsiz 
ing of electronic and electrical equipment, wiring having a 
pitch as fine as possible has been required for a signal circuit. 
Therefore, manufacturers have achieved this by using a thin 
ner copper foil to reduce the time for over-etching informing 
wiring by etching to improve the etching factor of wiring 
formed. 

Higher function is also simultaneously required for elec 
tronic and electrical equipment miniaturized and weight-re 
duced. Therefore, sharing of a parts mounting area as large as 
possible in a limited surface area of the substrate is required 
with the spreading of the Surface mounting method for parts 
mounting. To achieve the Subject, high density printed wiring 
board performed through a good etching factor has been 
required. For Such a purpose, a lower-profile electro-depos 
ited copper foil than that used for the conventional printed 
wiring board has been required particularly for a tape auto 
mated bonding (TAB) substrate and a chip on film (COF) 
substrate that are the so-called interposer substrates on which 
an IC chip and the like are directly mounted. By the way, the 
grade of profile is defined as the value of the surface rough 
ness (RZjis) of the bonding surface of a copper foil to be 
bonded with an insulation layer-forming material, measured 
in the TD direction according to JIS B 0601-2001, in a stan 
dard for copper foils for printed wiring boards. Low profile 
means that the Surface roughness (RZjis) of the bonding Sur 
face is Small. 
To achieve such objects, Patent Document 1 discloses a 

surface-treated electro-deposited copper foil characterized in 
that roughening treatment on a bonding Surface is provided on 
the deposit side of a foil, in which the surface roughness RZ of 
the deposit side of a drum foil is equal to or smaller than the 
surface roughness RZ of the shiny side of the drum foil. For 
the manufacturing of the drum foil, an electrolytic solution, to 
which a compound having a mercapto group, a chloride ion, 
and a low molecular weight glue having a molecular weight of 
10000 or less and a high molecule polysaccharides are added, 
is used. Specifically, it is described that the compound having 
a mercapto group is 3-mercapto 1-propanesulfonate, that the 
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2 
molecular weight of the low molecular weight glue is 3000 or 
less, and that the high molecule polysaccharide is hydroxy 
ethylcellulose. 

Patent Document 2 discloses a method for manufacturing 
an electro-deposited copper foil by the electrolysis of a sul 
furic acid base copperplating solution, characterized by using 
a Sulfuric acid base copper plating Solution containing a 
copolymer of diallyldialkylammonium salt and Sulfur diox 
ide. It is described that the sulfuric acid base copper plating 
Solution preferably contains polyethylene glycol, chlorine, 
and 3-mercapto-1-sulfonic acid. It is described that the rough 
ness of the deposit side, which is a laminate surface (a bond 
ing Surface) to be bonded to an insulating Substrate, is Small, 
and that for an electro-deposited copper foil having a thick 
ness of 10um, a low profile with a 10-point average roughness 
RZ of about 1.0 um+0.5 um is obtained. 
When an electro-deposited copper foil is manufactured 

using these manufacturing methods, a deposit side having a 
low profile is surely formed, and the electro-deposited copper 
foil has sufficient performance as a conventional low-profile 
electro-deposited copper foil. 
Patent Document 1 Japanese Patent Laid-Open No. 
9-143785 
Patent Document 2 Japanese Patent Laid-Open No. 2004 
35918 

However, the clock frequency of a personal computer, rep 
resentative of electronic and electrical equipment, is increas 
ing drastically, and the operation speed increases also. In 
addition, usage of PC is not limited to just data processing, 
which is the original role as a conventional computer, and 
there are many choices where the computer itself is used 
similar with the AV equipment. In other words, not only a 
music playing function, but also a DVD recording and play 
ing function, a TV receiving and recording function, a video 
phone function, and the like are equipped one after another. 
From the above background, image quality Sufficient for 

watching long hours when the image of a movie and the like 
is displayed is required for the monitor of a personal computer 
also, rather than just a data monitor. Further, it is also required 
to supply monitors at low cost and in a large amount. A liquid 
crystal display is frequently used for the monitor at present, 
and in mounting the driver device of the liquid crystal panel, 
the TAB substrate and the COF substrate are generally used. 
Therefore, when the high definition and the like of the moni 
tor should be performed, the formation of finer wiring is also 
required for the wiring board for the driver. When evaluation 
on 20 um pitch wiring is carried out, even the electro-depos 
ited copper foil manufactured by the prior art has low profile 
performance with excellent Surface roughness, defects due to 
large waviness on the edge of wiring tends to occur in the 
formed fine pattern wiring. Also, problems may occur in use 
for the electromagnetic shield for a plasma display panel 
where the formation of the same level of wiring is required. 
For example, the resolution of the screen and the like do not 
satisfy the designed values, if the width of the wiring was not 
obtained as designed. 
As described above, for a surface-treated electro-deposited 

copper foil for use of a printed wiring board and the like, not 
only to be just a conventional low profile surface-treated 
electro-deposited copper foil but also to be a surface-treated 
electro-deposited copper foil having good fine pattern form 
ing performance has been strongly required. 

DISCLOSURE OF THE INVENTION 

As a result of diligent study, the present inventors paid 
attention to, other than low profile for which RZ is is used as 
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an indicator, the waviness of the bonding Surface as an indi 
cator for determining whether the fine pattern forming per 
formance is good or bad. By research and development using 
the indicator, the present inventors thought out a surface 
treated electro-deposited copper foil having a bonding Sur 
face having a low profile and a small waviness, and a method 
for manufacturing the same. 
A Surface-treated electro-deposited copper foil according 

to the present invention: A surface-treated electro-deposited 
copper foil according to the present invention is a surface 
treated electro-deposited copper foil in which any one or 
more of rust-proofing treatment and/or silane coupling agent 
treatment are performed on the Surface of an electro-depos 
ited copper foil, characterized in that the maximum waviness 
height (Wmax) of the bonding surface in the surface-treated 
electro-deposited copper foil to be bonded with an insulation 
layer-constituting material is 0.05um to 0.7 um. 

It is preferable that in the surface-treated electro-deposited 
copper foil according to the present invention, the bonding 
surface is a deposit side of the electro-deposited copper foil. 

It is also preferable that in the surface-treated electro 
deposited copper foil according to the present invention, the 
maximum peak to valley height (PV) of the bonding surface 
is 0.05 um to 1.5um. 

It is also preferable that in the surface-treated electro 
deposited copper foil according to the present invention, the 
Surface roughness (RZjis) of the bonding Surface is 0.1 um to 
1.0 um. 

It is also preferable that in the surface-treated electro 
deposited copper foil according to the present invention, the 
ratio of the maximum waviness height (Wmax) to the maxi 
mum peak to valley height (PV) (Wmax)/(PV) of the bond 
ing Surface is 0.8 or more. 
An electro-deposited copper foil according to the present 

invention: An electro-deposited copper foil according to the 
present invention is an electro-deposited copper foil used for 
the manufacturing of the Surface-treated electro-deposited 
copper foil, characterized in that the Surface roughness 
(RZis) of the shiny side of the electro-deposited copper foil is 
0.4 um to 2.0 Lum. 

It is preferable that in the electro-deposited copper foil 
according to the present invention, the gloss Gs (60°) of the 
shiny side is 70 or more. 

It is also preferable that in the electro-deposited copper foil 
according to the present invention, the Surface roughness 
(RZis) of a deposit side is 0.1 um to 1.0 Lim, and the gloss IGs 
(60°) of a deposit side is 400 or more. 

It is also preferable that the electro-deposited copper foil 
according to the present invention has a plurality of deposited 
copper layers having a different crystal structure. 
A method for manufacturing an electro-deposited copper 

foil according to the present invention: A method for manu 
facturing an electro-deposited copper foil according to the 
present invention is a method for manufacturing an electro 
deposited copper foil depositing on a cathode surface by an 
electrolysis method using a Sulfuric acid base copper electro 
lytic Solution, characterized in that continuous first-step elec 
trolysis to n-th-step electrolysis are carried out at two or more 
different levels of electric current density while electrodepo 
sition is performed. 

It is preferable that in the method for manufacturing an 
electro-deposited copper foil according to the present inven 
tion, the electric current density of the first-step electrolysis is 
50A/dm to 400A/dm. 

It is preferable that in the method for manufacturing an 
electro-deposited copper foil according to the present inven 
tion, the electric current density of the second-step electroly 
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4 
sis to the n-th-step electrolysis is 15 A/dm to 90 A/dm and is 
smaller than the electric current density of the first-step elec 
trolysis. 
The sulfuric acid base copper electrolytic solution used in 

the method for manufacturing an electro-deposited copper 
foil according to the present invention is characterized by 
comprising one or more additives selected from glue, thio 
urea, polyalkylene glycol, an amine compound, a compound 
having a mercapto group, a chlorine ion, a high molecule 
polysaccharide, a copolymer of diallyldialkylammonium salt 
and Sulfur dioxide, an oxyethylene base surfactant, polyeth 
yleneimine or its derivative, a sulfonate of an active sulfur 
compound, and a quaternary ammonium salt polymer having 
a cyclic structure. 

It is more preferable that the sulfuric acid base copper 
electrolytic Solution comprises at least one selected from 
3-mercapto-1-propanesulfonic acid (hereinafter referred to 
as “MPS in the present application) and bis(3-sulfopropyl) 
disulfide (hereinafter referred to as “SPS” in the present 
application); and a quaternary ammonium salt polymer hav 
ing a cyclic structure. 

It is also preferable that the total concentration of MPS 
and/or SPS in the sulfuric acid base copper electrolytic solu 
tion is 0.5 ppm to 200 ppm. 

It is also preferable that the concentration of a quaternary 
ammonium salt polymer having a cyclic structure in the Sul 
furic acid base copper electrolytic solution is 1 ppm to 100 
ppm. 

It is also preferable that the quaternary ammonium salt 
polymer having a cyclic structure in the Sulfuric acid base 
copper electrolytic Solution is a diallyldimethylammonium 
chloride (hereinafter referred to as “DDAC in the present 
application) polymer. 

It is also preferable that the sulfuric acid base copper elec 
trolytic solution comprises chlorine, and the concentration of 
the chlorine is 5 ppm to 100 ppm. 
A copper clad laminate according to the present invention: 

A copper clad laminate according to the present invention is 
characterized in that the surface-treated electro-deposited 
copper foil is bonded to an insulation layer-constituting mate 
rial. 

It is also preferable that in the copper clad laminate, the 
maximum waviness height (Wmax) of the surface of the 
insulation layer-constituting material, after copper on the Sur 
face is fully dissolved and removed, is 0.05um to 0.7 Lum. 

It is also preferable that the copper clad laminate is a rigid 
copper clad laminate in which the insulation layer-constitut 
ing material contains a reinforcement. 

It is also preferable that the copper clad laminate is a 
flexible copper clad laminate in which the insulation layer 
constituting material is constituted from a flexible material 
having flexibility. 
A printed wiring board according to the present invention: 

A printed wiring board according to the present invention is a 
rigid printed wiring board characterized by being obtained by 
using the rigid copper clad laminate, and a flexible printed 
wiring board characterized by being obtained by using the 
flexible copper clad laminate. 
The surface-treated electro-deposited copper foil accord 

ing to the present invention is an excellent low-profile Sur 
face-treated electro-deposited copper foil equal to or better 
than low-profile surface-treated electro-deposited copper 
foils that have conventionally been supplied to the market, 
and has a bonding Surface having Small waviness. Therefore, 
the Surface-treated electro-deposited copper foil according to 
the present invention is Suitable as material for forming the 
fine pitch wiring of a tape automated bonding (TAB) wiring 
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board and/or a chip on film (COF) wiring board that has been 
remarkably required a low profile and small waviness for the 
bonding Surface. The Surface-treated electro-deposited cop 
perfoil according to the present invention is also Suitable as a 
material for forming the electromagnetic wave shielding pat 
tern in a plasma display panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic top view of the wiring on a printed 
wiring board that is formed by using a copper foil having a 
bonding Surface having large waviness; 

FIG. 2 is a schematic cross-sectional view of the wiring in 
portion A-A shown in FIG. 1; 

FIG. 3 is a schematic cross-sectional view of the wiring on 
a printed wiring board that is formed by using a copper foil 
having a bonding Surface having Small waviness; 

FIG. 4 is a cross-sectional view of the crystal structure of an 
electro-deposited copper foil obtained in Example 1: 

FIG. 5 is a chart showing the waviness component and the 
roughness component together they are separated from the 
data on the randomly selected Straight line in the plane of the 
deposit side of a surface-treated electro-deposited copper foil 
obtained in Example 1 that is observed by a three-dimen 
sional Surface structure analysis microscope (Zygo New View 
5032); and 

FIG. 6 is a chart showing the waviness component and the 
roughness component together they are separated from the 
data on the randomly selected Straight line in the plane of the 
deposit side of a surface-treated electro-deposited copper foil 
in Comparative Example that is observed by the three-dimen 
sional surface structure analysis microscope (ZygoNew View 
5032). 

DESCRIPTION OF SYMBOLS 

F insulation layer-constituting material 
I bonding Surface 
SW sidewall of the wiring formed on the portion facing to the 

peak of waviness 
SW sidewall of the wiring formed on the portion facing to 

the valley of waviness 
W wiring 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

An embodiment of the surface-treated electro-deposited 
copper foil according to the present invention: The Surface 
treated electro-deposited copper foil according to the present 
invention is a Surface-treated electro-deposited copper foil in 
which any one or more of rust-proofing treatment and/or 
silane coupling agent treatment are performed on the Surface 
of an electro-deposited copper foil, wherein the maximum 
waviness height (Wmax) of the bonding surface to be bonded 
with an insulation layer-constituting material is 0.05 um to 
0.7 um. A more preferable range of the maximum waviness 
height (Wmax) of the bonding surface is 0.05um to 0.5um. 
In the present invention, the maximum waviness height 
(Wmax) is used as an indicator for detecting waviness. In the 
present specification, the maximum waviness height (Wmax) 
means the maximum value of height in wave-shape data (the 
Sum of the maximum peak height and maximum valley depth 
of the wave-shape) when the wave-shape data related to wavi 
ness is extracted by using a filter from the information relating 
to the unevenness of a sample Surface that is obtained by using 
a three-dimensional Surface structure analysis microscope. 
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6 
The present inventors used Zygo New View 5032 (manufac 
tured by ZYGO) as measurement equipment, and Metro Pro 
Ver. 8.0.2 as analysis software, and the low-frequency filter 
was set at 11 um for measurement. 

Specifically, measurement was performed by the following 
procedures a) to c): 
a) A Surface of sample piece not investigated is pasted on the 
sample stage. 
b) Six view area with 108 umx144 um are selected for inves 
tigations in an area of 1 cm square of the sample piece. 
c) The average of values obtained from the six view sites is 
used as the representative value of the sample. 

With a three-dimensional surface structure analysis micro 
Scope, the actual state of the Surface shape is obtained in 
three-dimensional numerical information as a distribution of 
height in the plane. Therefore, it is important to use the 
three-dimensional Surface structure analysis microscope as 
an apparatus for measuring the Surface shape. When only the 
waviness of the bonding Surface are paid attention to, even 
lack of information is undeniable, the obtained value of the 
waviness by using a stylus-type roughness meter in two 
dimensional numerical information indicating a distribution 
of height variation on the line, can be an indicator. Therefore, 
since RSm (JIS B 0601, 2001) obtained by using the stylus 
type roughness meter can be adopted as the period of wavi 
ness, RSm can also be used as an indicator for judgment of the 
Surface. The Surface has Small waviness and is Smooth when 
RSm is large, and the Surface has large waviness and is rough 
when RSm is small. 

Suitable etching conditions informing wiring by a Subtrac 
tive method that is generally used in the manufacturing of 
TAB, COF and the like are performed not to remain an etch 
ing residue between wirings. To adjust preferable time, over 
etching time is resulted from trials of different etching times. 
It is assumed that the Surface-treated electro-deposited cop 
perfoil constituting the copper clad laminate has variations in 
Surface roughness and the like of the bonding Surface, so the 
over-etching time is required as an additional etching time not 
to remain an etching residues in a portion where most difficult 
to etch. But, the sidewall of wiring may be dissolved more 
than optimum in the over-etching time and the over-etching 
may cause a so-called undercut where the conductor is exces 
sively dissolved in a portion under the etching resist also. 

In wiring using a surface-treated electro-deposited copper 
foil having a bonding Surface having large waviness which is 
required above-described over-etching time, the width of the 
bottom portion of the wiring is hard to control. In the top view 
of the wiring above, waving is found in the bottom portion as 
schematically illustrated in FIG. 1. The cross section of por 
tion A-A in FIG. 1 is schematically illustrated in FIG. 2, with 
the emphasized waviness of the bonding interface between 
the copper foil and the insulation layer-constituting material. 
Schematic cross sectional view of the wiring shows a shape in 
which wiring W is formed on insulation layer-constituting 
material F and bonding surface I is exposed between the 
wirings. As shown in the FIG. 2, in progress of the copper 
etching, portion of an etched copper tends to show a circular 
or elliptical shape, so the etched sidewall SW of a portion 
facing to the Valley of waviness assumes a cross-sectional 
shape tailing in the bottom portion. On the other hand, the 
etched sidewall SW, of a portion facing to the peak of wavi 
ness is in a steep cross-sectional shape. As a result, when the 
wiring is observed from top, waving might be observed in the 
bottom edge of the wiring as shown in FIG. 1, showing poor 
straight line performance. On the other hand, as shown in 
FIG. 3, in wiring using a Surface-treated electro-deposited 
copper foil having a bonding Surface having Small waviness, 
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Such problem never occurs, and the formation of wiring with 
excellent straight line performance can be achieved. 
The rust-proofing treatment provided to the electro-depos 

ited copper foil is carried out to prevent the surface of the 
Surface-treated electro-deposited copper foil from being oxi 
dized and corroded, to prevent from suffering the process of 
manufacturing a copper clad laminate and a printed wiring 
board. Further, a composition that does not inhibit adhesion 
with the insulation layer-constituting material and preferably 
improves the adhesion is recommended. For a method used in 
the rust-proofing treatment, any of organic rust-proofing 
using benzotriazole, imidazole, or the like, or inorganic rust 
proofing treatment using zinc, chromate, a Zinc alloy, or the 
like may be used, as long as it is recommended to the purpose 
of usage. 

Next, a method for providing rust-proofing treatment will 
be described. For organic rust-proofing, a method such as 
immersion coating, showering coating and electrodeposition 
by using a solution of an organic rust-proofing agent can be 
used. For inorganic rust-proofing, a rust-proofing element can 
be deposited on the surface of the electro-deposited copper 
foil, applying an electrolysis method, an electroless plating 
method, a sputtering method, a Substitution deposition 
method, and the like. 
The silane coupling agent treatment provided to the elec 

tro-deposited copper foil is a treatment for improving adhe 
sion with the insulation layer-constituting material chemi 
cally after finishing the rust-proofing treatment. 
The silane coupling agent used is not particularly limited 

and should be selected by considering the properties of the 
insulation layer-constituting material and conditions of the 
plating Solution and the like used in the manufacturing pro 
cess of a printed wiring board. The silane coupling agent 
treatment can be carried out by a method selected from 
immersion coating, showering coating, and electrodeposition 
by using a solution of a silane coupling agent. 

The bonding surface of the surface-treated electro-depos 
ited copper foil is preferably a deposit side. In terms of just 
low profile, the shiny side which has a mirror shape of the 
Surface of a rotating cathode polished may be more prefer 
able. But, the surface condition of the rotating cathode may be 
unstable in the operation due to the formation of a film of a 
compound, such as oxide. So, to prevent to be unstable, 
machining, Such as Surface polishing, is required to be carried 
out. As a result, a change in Surface shape occurs to makes it 
difficult to maintain the surface state even. But, for the deposit 
side that is obtained when using a copper electrolytic Solution 
which enables level plating; a deposited copper layer grows 
while filling the unevenness of the surface of the rotating 
cathode. As a result, if there are some variations in the Surface 
shape of the rotating cathode, a stable Surface state can be 
obtained. Therefore, the deposit side is preferable. 
The maximum peak to valley height (PV) of the bonding 

surface of the surface-treated electro-deposited copper foil to 
be bonded with the insulation layer-constituting material is 
preferably 0.05um to 1.5um, and more preferably 0.05um to 
0.8 um. The maximum peak to valley height (PV) used as one 
of indicators for detecting the Surface shape in the present 
invention is the Sum of the maximum peak height and maxi 
mum valley depth of the sample surface directly measured by 
using a three-dimensional Surface structure analysis micro 
scope. Limitation on the lowest value 0.05 um for both PV 
shown here and the above-described Wmax does not mean 
that Some defects appear when the evaluation result is less 
than 0.05um. 0.05um is indicated as an empirical lower limit 
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8 
for the surface-treated electro-deposited copper foil obtained 
by the manufacturing method according to the present inven 
tion. 
The surface roughness (RZjis) of the bonding surface of the 

surface-treated electro-deposited copper foil is preferably 0.1 
um to 1.0 um, and more preferably 0.1 um to 0.5 lum. RSm 
obtained together with the measurement of Rzjis is further 
preferably more than 0.1. The surface roughness (RZjis) is a 
numerical value obtained by measuring in the TD direction 
according to JIS B 0601-2001 as described above. In the 
present invention, specified length for the measurement is 0.8 
mm, and for the stylus, diamond stylus tip in which the R of 
the conical is 2 um is used. As described above, the indicator 
of the degree of waving is the maximum waviness height 
(Wmax) of the bonding surface. But considering the actual 
process for manufacturing PWBs, when the surface rough 
ness (RZis) of the bonding Surface is more than a certain 
level, the over-etching time must be long. But, as described 
above, when the over-etching time is long, the undercut phe 
nomenon is severe. Therefore, the Surface roughness (RZis) 
of the bonding surface of the surface-treated electro-depos 
ited copper foil is preferred to be small also. When the surface 
roughness is adjusted in the above range, Sufficient adhesion 
for practical use can be ensured when the surface-treated 
electro-deposited copper foil is bonded to the insulation 
layer-constituting material. In this range, Sufficient heat resis 
tance performance, chemical resistance, and peel strength can 
be performed for practical use of printed wiring boards. 
The ratio of the maximum waviness height (Wmax) to the 

maximum peak to valley height (PV) (Wmax)/(PV) in the 
bonding surface is preferably 0.8 or more. The maximum 
peak to valley height (PV) is measured including roughness in 
a surface having waviness. Therefore, the ratio (Wmax)/ 
(PV) being a value close to 1 indicates that the peak to valley 
height is Small because peak to Valley height contained in the 
wave-shaped surface can be considered as (PV)-(Wmax). 
On the other hand, a small ratio indicates that peak to valley 
height contained in the wave-shaped surface is large. In other 
words, as the ratio is closer to 1, it is indicated that a portion 
embedded in the insulation layer-constituting material is 
finer, and etching conditions may require Substantially no 
over-etching time for forming wiring. 
An embodiment of the electro-deposited copper foil 

according to the present invention: The “electro-deposited 
copper foil according to the present invention is a foil with 
out Surface treatment, and it is sometimes referred to as 
“untreated foil”, “drum foil and the like. In the present 
specification, this is simply referred to as an “electro-depos 
ited copper foil. For the manufacturing of the electro-depos 
ited copper foil, a continuous production process is generally 
applied. In the process, a Sulfuric acid base copper electro 
lytic Solution is Supplied to the gap between a drum-shaped 
rotating cathode and a lead base anode or dimensionally 
stable anode (DSA) located opposed along the shape of the 
rotating cathode. Copper is electro-deposited on the Surface 
of the rotating cathode, and the deposited copper is continu 
ously peeled off as a foil from the rotating cathode and 
wound. The electro-deposited copper foil thus obtained is in 
the shape of a roll wound with a certain width. Therefore, for 
indicating a direction in the measurement of performance, 
and the like, the rotation direction of the rotating cathode (the 
length direction of the web) is referred to as MD (Machine 
Direction), and the width direction that is a direction perpen 
dicular to MD is referred to as TD (Transverse Direction). 
The surface shape of the side of the electro-deposited cop 

perfoil peeled off that is in contact with the rotating cathode 
is a mirror shape of the Surface of the rotating cathode and is 
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shiny; therefore, this surface is referred to as a “shiny side'. 
On the other hand, the surface shape of the deposit side 
usually shows an uneven mountain-shape, because growth 
speed of the copper crystal in deposition differs for each 
crystal face, so this side is referred to as a “deposit side'. 
Generally, the deposit side of the electro-deposited copper 
foil after providing Surface treatment is the bonding Surface to 
be bonded with the insulation layer-constituting material in 
manufacturing a copper clad laminate. Further, as described 
above, the copper foil with the Smaller Surface roughness on 
the bonding surface is a more excellent low-profile electro 
deposited copper foil. 
The surface roughness (RZjis) of the shiny side of the 

electro-deposited copper foil according to the present inven 
tion is preferably 0.4 um to 2.0 um, and more preferably 0.4 
um to 1.8 Lum. The Surface roughness (RZjis) is a numerical 
value obtained by measuring in the TD direction according to 
JIS B 0601-2001 as for the deposit side. In the present inven 
tion, the surface roughness (RZjis) of the shiny side of the 
electro-deposited copper foil is specified as secondary indi 
cator to manage the Surface roughness (RZjis) of the rotating 
cathode. Since the surface shape of the shiny side of the 
electro-deposited copper foil is a mirror shape of the rotating 
cathode, the Surface roughness of the shiny side can be used in 
place. The reason why secondary indicator is used as 
described below is that it is hard to investigate and manage the 
Surface roughness of the rotating cathode used in continuous 
production even the Surface shape of the rotating cathode 
seriously affects on the deposit side. 

It is empirically understood that as the Surface roughness of 
the rotating cathode increases, the Surface roughness of the 
deposit side of the obtained electro-deposited copper foil 
tends to increase. In other words, for manufacturing a thick 
electro-deposited copper foil, if a copper electrolytic Solution 
which enables a deposit side smooth is used, the electro 
deposited copper foil may get thickness while filling the 
unevenness of the surface of the rotating cathode without 
serious problem. But, in an electro-deposited copper foil hav 
ing a thickness of 20 um or less; it is not preferable to use the 
rotating cathode with the Surface roughness (RZjis) of more 
than 2.0 Lum to obtain a deposition state in which the Surface 
roughness (RZis) of the deposit side is 1.0 um or less. For a 
Surface-treated electro-deposited copper foil obtained using 
an electro-deposited copper foil having a thickness of 12 um 
with a shiny side Surface roughness (RZjis) of more than 2.0 
um, investigation result of the maximum waviness height 
(Wmax) of the deposit side tends to be more than 0.7 um. 
Therefore, the surface-treated electro-deposited copper foil 
could not be preferred one. 
The gloss Gs (60) of the shiny side of the electro-depos 

ited copper foil is preferably 70 or more. In the present inven 
tion, the gloss is also an indicator to clearly show a difference 
in the smoothness of the deposit side of the electro-deposited 
copper foil. IGs (60) is used for the gloss herein. In IGs 
(60°) measurement, light is illuminated on the surface of a 
specimen at an incidence angle of 60°, and the intensity of 
light reflected at a reflection angle of 60° is measured. The 
gloss in the present invention is measured by glossmeter 
VG-2000 model manufactured by Nippon Denshoku Indus 
tries Co., Ltd. according to JIS Z8741-1997. 

In the shiny side of the electro-deposited copper foil, as the 
Surface roughness increases, a difference in unevenness shape 
viewed from different directions TD and MD increases. This 
is because the shiny side is the mirror shape of the surface 
shape of the rotating cathode. By the way, the shape formed 
on the surface of the rotating cathode has directivity. It is 
caused by the method for manufacturing and maintenance of 
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10 
the rotating cathode, i.e. a mechanical Surface finishing 
method in which cutting and polishing are performed while 
cathode rotating, and the like. Therefore, not to cause TD/MD 
direction difference in the electro-deposited copper foil 
deposited on the surface of the rotating cathode, the TD/MD 
direction difference in the surface of the rotating cathode is 
required to be decreased, and it is preferable to manage the 
Surface roughness (RZjis) of the shiny side to be Small and the 
gloss Gs (60°) to be large. Specifically, it is preferable to 
adjust the surface of the rotating cathode to perform the 
roughness (RZjis) of the shiny side is 0.4 um to 2.0 Lum and the 
gloss Gs (60) is 70 or more. It is more preferable that the 
Surface roughness (RZjis) of the shiny side is 0.4 um to 1.8 um 
and the gloss Gs (60) is 100 or more. The upper limit of the 
gloss Gs (60°) of the shiny side is empirically around 500. 
The surface roughness (RZjis) of the deposit side of the 

electro-deposited copper foil is preferably 0.1 um to 1.0 um, 
and the gloss Gs (60°) of the deposit side is preferably 400 
or more. The Surface roughness (RZjis) of the deposit side is 
more preferably 0.1 um to 0.5um, and the gloss Gs (60) is 
more preferably 600 or more. The TD/MD ratio of gloss IGs 
(60°) is further preferably 90% to 110%. In order to obtain a 
Surface-treated electro-deposited copper foil having a good 
surface condition, the surface of the deposit side of the elec 
tro-deposited copper foil as a base is required to be Smooth 
and uniform. The upper limit of the gloss Gs (60°) of the 
deposit side is empirically around 800. 

It is also preferable that the electro-deposited copper foil 
has a plurality of deposited copper layers having different 
crystal structures. The plurality of deposited copper layers 
formed here is obtained by an electrolysis process comprising 
two or more steps in which the levelofelectric current density 
is changed, as described below. As described in FIG. 4, the 
plurality of deposited copper layers has a deposited copper 
layer having a fine crystal structure in the shiny side. It is 
preferable that the copper layer having the fine crystal struc 
ture exists over the entire shiny side at a constant thickness to 
obtain uniform and Smooth deposit in the Subsequent elec 
trolysis steps. 
The Surface of the rotating cathode used in conventional 

electro-deposited copper foil manufacturing is not uniform 
because a film of a compound. Such as oxide, is formed, and 
so on. As a result, the deposit site of electrodeposited copper 
is not well balanced. In other words, a portion where copper 
has been electrodeposited has priority for copper deposition 
to occur waviness on a deposit side of the electro-deposited 
copper foil. Particularly when a thin electro-deposited copper 
foil is to be manufactured, it is effective to cover the surface of 
the rotating cathode uniformly with copper as an initial 
deposit layer formed in a first-step electrolysis process just 
after starting of copper electrolysis to obtain an electro-de 
posited copper foil having a deposit side having a low profile 
and Small waviness. In the present invention, it is also pos 
sible to provide third-step and Subsequent-step electrolysis 
processes, and these processes should be carried out as 
required. Usually, the object of the present invention is 
achieved with a system having two deposited copper layers. 
The above-described surface treatment is provided to the 
electro-deposited copper foil thus obtained for the prevention 
of oxidation, and the like, but it is preferable that roughening 
treatment is not provided to achieve the object of the present 
invention. 
An embodiment of the method for manufacturing an elec 

tro-deposited copper foil according to the present invention: 
The method for manufacturing an electro-deposited copper 
foil according to the present invention is a method for manu 
facturing an electro-deposited copper foil by peeling off cop 
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per deposited on the Surface of a rotating cathode by an 
electrolysis using a Sulfuric acid base copper electrolytic 
Solution. The method is performed by carrying out continu 
ous first-step electrolysis to n-th-step electrolysis (ne2) with 
two or more different levels of electric current density. By 5 
applying the electrolysis method, an initial deposit layer in a 
preferable form can be formed in the first-step electrolysis, 
and it makes stable production of an electro-deposited copper 
foil with a deposit side having a low profile and small wavi 
ness possible. 10 
The electric current density of the first-step electrolysis is 

preferably 50 A/dm to 400A/dm. When the electric current 
density is less than 50 A/dmf, it is difficult to obtain the initial 
deposit layer as a uniform electrodeposited copper layer. 
When the electric current density is more than 400A/dm, for 15 
example, hydrogen may be generated on the cathode to result 
the degradation of the properties and condition on the Surface 
of the rotating cathode rapidly. Preferable electric current 
density is 71 A/dm or more to further enhance effect. The 
electric current density herein is electric current density in 20 
anode (DA) adjusted according to the copper electrolytic 
Solution used. Essentially, the deposition state should be man 
aged with electric current density in cathode (DK) because 
the deposition state depends on DK, but actually, it is hard to 
measure DK, so DA is adopted in place as the secondary 25 
indicator for management. 

It is preferable that the electric current density of the sec 
ond-step and subsequent-step electrolysis is 15 A/dm to 90 
A/dm and is less than the electric current density of the 
first-step electrolysis. When the electric current density is less 30 
than 15 A/dm, the industrial productivity is extremely poor. 
When the electric current density is more than 90 A/dm, the 
roughness of the deposit side of the obtained electro-depos 
ited copper foil tends to be large and it makes the production 
of an electro-deposited copper foil having a low profile and 35 
small waviness deposit side difficult. More preferable electric 
current density of the second-step and Subsequent-step elec 
trolysis is 50 A/dm to 70 A/dm. 

The sulfuric acid base copper electrolytic solution used in 
the method for manufacturing an electro-deposited copper 40 
foil according to the present invention comprises one or more 
additives selected from glue, thiourea, polyalkylene glycol, 
an amine compound, a compound having a mercapto group, a 
chlorine ion, a high molecule polysaccharide, a copolymer of 
diallyldialkylammonium salt and Sulfur dioxide, an oxyeth- 45 
ylene base Surfactant, polyethyleneimine or its derivative, a 
Sulfonate of an active Sulfur compound, and a quaternary 
ammonium salt polymer having a cyclic structure. By com 
bination of the electrolysis process, in which continuous first 
step electrolysis to n-th-step electrolysis are carried out at two 50 
or more different levels of electric current density, and a 
Sulfuric acid base copper electrolytic solution having the 
composition above makes stable manufacturing of an electro 
deposited copper foil having a low profile and Small waviness 
deposit side according to the present invention possible. Here, 55 
the individual electrolysis conditions in the electrolysis pro 
cess having a plurality of steps should be made Suitable by 
carrying out a trial for each composition having selected 
additives. 
The sulfuric acid base copper electrolytic solution more 60 

preferably comprises at least one selected from MPS and 
SPS; and a quaternary ammonium salt polymer having a 
cyclic structure. In this case, the total concentration of MPS 
and/or SPS in the sulfuric acid base copper electrolytic solu 
tion is preferably 0.5 ppm to 200 ppm. A more preferable 65 
concentration range is 0.5 ppm to 50 ppm, and a further 
preferable concentration range is 1 ppm to 20 ppm. When the 

12 
total concentration of MPS and/or SPS is less than 0.5 ppm, 
the deposit side of the electro-deposited copper foil tends to 
be rough to make it difficult to obtain an electro-deposited 
copper foil having a low profile. On the other hand, when the 
total concentration of MPS and/or SPS is more than 200 ppm, 
the effect for leveling the deposit side of the obtained electro 
deposited copper foil is not improved further. In contrast, the 
electrodeposition might become unstable. Therefore, it is 
recommended that the total concentration should be in the 
above range to obtain a deposit side having both a low profile 
and small waviness even when both MPS and SPS are used 
also. 

The MPS or SPS in the present invention is used in a 
meaning including salts of them, and the described value of 
concentration is the converted value of the concentration as a 
sodium salt of MPS (hereinafter referred to as “MPS-Na' in 
the present application) for convenience which is easy to 
purchase in the market. MPS is assumed to be a SPS structure 
in the Sulfuric acid base copper electrolytic Solution accord 
ing to the present invention by dimerization. Therefore, for 
the total concentration of MPS and/or SPS, in addition to a 
simple substance of MPS and salts, such as MPS-Na, one 
added as SPS-Na, and one modified by being added as MPS 
into the electrolytic solution and then polymerized to SPS and 
the like are also included, and the converted value of the total 
concentration of their Nasalts is the total concentration of 
MPS and/or SPS. The formulation of MPS and the formula 
tion of SPS are shown below as chemical formula 1 and 
chemical formula 2. From the comparison of these formula 
tions, it is clear that SPS is a dimer of MPS. 

Chemical formula 1 
H 

HS C SO 
nC 1nC 1 
H H 

Chemical formula 2) 

H H H H 
C C C C 

so-1 n1 NS-S1 ne-1 Yso 
H H 

The concentration of the quaternary ammonium salt poly 
merhaving a cyclic structure in the Sulfuric acid base copper 
electrolytic solution is preferably 1 ppm to 100 ppm, and a 
more preferable concentration range is 10 ppm to 50 ppm. 
As the quaternary ammonium salt polymer having a cyclic 

structure, various compounds can be used. Considering the 
effect of forming a deposit side having a low profile and Small 
waviness, the use of a DDAC polymer is most preferable. 
DDAC forms a cyclic structure in assuming a polymer struc 
ture, and a part of the cyclic structure is constituted from the 
nitrogenatom of quaternary ammonium. For the DDAC poly 
mer, a plurality of forms, such as ones in which the cyclic 
structure is a five-membered ring and a six-membered ring, 
are present. The polymer practically used is considered as any 
of them or a mixture of them according to synthesis condi 
tions. Therefore, a compound with a five-membered ring 
structure represents these polymers and the structure is shown 
below as chemical formula 3 with the counter ion of a chlo 
ride ion. The DDAC polymer is one in which DDAC takes the 
structure of a dimer or higher polymeras is clear in chemical 
formula3. The straight chain portion constituting the polymer 
is more preferably composed of hydro-carbon. 
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Chemical formula 3 
CH-CH-CH-CH 

H2C + -CH2 

X. 
C CH H3 3 

The concentration of the DDAC polymer in the sulfuric 
acid base copper electrolytic solution is preferably 1 ppm to 
100 ppm, and a more preferable concentration range is 10 
ppm to 50 ppm. When the concentration of the DDAC poly 
mer in the Sulfuric acid base copper electrolytic solution is 
less than 1 ppm, the deposit side of the electrodeposited 15 
copper tends to be rough, no matter how high the concentra 
tion of MPS and/or SPS is, so it might be hard to obtain an 
electro-deposited copper foil having a low profile and Small 
waviness deposit side. When the concentration of the DDAC 
polymer in the Sulfuric acid base copper electrolytic Solution 20 
is more than 100 ppm, the deposition state of copper might 
become unstable to make it difficult to obtain an electro 
deposited copper foil having a low profile and Small waviness 
deposit side. 
The chlorine concentration in the sulfuric acid base copper 25 

electrolytic solution is preferably 5 ppm to 100 ppm, and a 
further preferable concentration range is 10 ppm to 60 ppm. 
When the chlorine concentration is less than 5 ppm, the 
deposit side of the electro-deposited copper foil tends to be 
rough to hardly achieve low profile. On the other hand, when 30 
the chlorine concentration exceeds 100 ppm, the electrodepo 
sition state might become unstable to make the deposit side of 
the electro-deposited copper foil rough to hardly form a 
deposit side having a low profile. 
By using the above sulfuric acid base copper electrolytic 35 

Solution, the manufactured electro-deposited copper foil 
surely has a low profile as described above, and has excellent 
gloss. But, when the reduction of the waviness of the deposit 
side of the electro-deposited copper foil is the object, the 
effect performed by composition of the electrolytic solution 40 
is limited. Therefore, combination of the adjustment of the 
Surface condition of the rotating cathode, and the use of the 
electrolysis method in which continuously performed first 
step electrolysis to n-th-step electrolysis are carried out at two 
or more different levels of electric current density, as 45 
described above, is important. 
An embodiment of the copper clad laminate and printed 

wiring board according to the present invention: The copper 
clad laminate according to the present invention is a copper 
clad laminate manufactured by bonding the Surface-treated 50 
electro-deposited copper foil to an insulation layer-constitut 
ing material. The copper clad laminate in the present inven 
tion is described as a concept including all of a single-sided 
copper clad laminate, a double-sided copper clad laminate, 
and a multilayer copper clad laminate comprising inner-layer 55 
wirings inside. 
When the insulation layer-constituting material contains a 

reinforcement, a rigid copper clad laminate is obtained. The 
reinforcements used in conventional rigid copper clad lami 
nates are mostly glass clothes or glass papers. On the other 60 
hand, in recent years, in order to make BGAs and/or CSPs 
using a wiring board having a fine pattern at a level that does 
not conventionally exist, as described above. To make the 
Surface flat, for example, aramid fibers thinner than glass 
fibers in a nonwoven fabric is used as a reinforcement for a 65 
copper cladlaminate. It means that when the roughness of the 
bonding Surface of the Surface-treated electro-deposited cop 
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14 
per foil is large, the fact that unevenness of the surface after 
etching results poor electrical performance and the like 
become obvious. Therefore, the rigid copper clad laminate 
according to the present invention is particularly suitable for 
use in making a printed wiring board in which the manage 
ment of electrical performance is important. When the insu 
lation layer-constituting material is a flexible material having 
flexibility, a flexible copper clad laminate is obtained. 

In the copper clad laminate, the waviness height (Wmax) 
of the Surface of the insulation layer-constituting material 
after copper on the surface is fully dissolved and removed is 
0.05 um to 0.7 Lum. On the surface-treated electro-deposited 
copper foil described above, roughening treatment, Such as 
the deposition of copper particles, is not provided and the 
waviness height (Wmax) of the bonding surface is 0.05um to 
0.7 um. The reason why is that the surface of the insulation 
layer-constituting material after copper on the Surface is fully 
dissolved and removed, is a miller shape of the bonding 
surface of the surface-treated electro-deposited copper foil, 
and the waviness height (Wmax) shows equivalent value of 
0.05 um to 0.7 Lum also. 
The matching between the waviness height (Wmax) of the 

bonding Surface of the Surface-treated electro-deposited cop 
per foil used and the waviness height (Wmax) of the surface 
of the insulation layer-constituting material after copper on 
the surface is fully dissolved and removed is most easily 
obtained in a flexible copper clad laminate using a plastic 
film, because the surface of the plastic film itself is smooth. 
But, in a rigid copper clad laminate which contains a rein 
forcement, unevenness brought by the reinforcement may 
sometime affect the surface shape. However, to obtain the 
flatter surface, for example, an aramid papers thinner than 
glass fibers as a reinforcement for a copper clad laminate is 
used as described above. Also, the effect of a reinforcement 
may become negligible when a resin coated copper foil is 
used. Therefore, good matching between the waviness height 
(Wmax) of the bonding surface of the surface-treated electro 
deposited copper foil used and the waviness height (Wmax) 
of the Surface of the insulation layer-constituting material can 
be easily obtained after copper on the surface is fully dis 
solved and removed. 

For a method for manufacturing such copper clad lami 
nates, conventional technology can be used. Specifically, 
when a rigid copper clad laminate or a flexible copper clad 
laminate is manufactured, a hot press method and a continu 
ous lamination method can be used for manufacturing. In the 
method, the surface-treated electro-deposited copper foil 
according to the present invention, a rigid insulation layer 
forming material Such as a FR-4 prepreg or a flexible insula 
tion layer-forming material Such as a polyimide film, and a 
press plate are used and laid-up to form a book, and the book 
is sandwiched betweenhot plates heated to 170° C. to 200° C. 
for hot-press molding. 
On the other hand, for the manufacturing of a flexible 

copper clad laminate, a roll lamination method and a casting 
method can be used. The roll lamination method is a method 
in which the wound Surface-treated copper foil according to 
the present invention, and a wound resin film Such as a poly 
imide film or a PET film are unwound and then the foil and the 
film are passed together between hot pressing rolls for 
thermo-compression bonding in Roll to Roll. The casting 
method is a method in which a resin composition, Such as 
polyamic acid which can be a polyimide film after heating is 
coated on a surface of the Surface-treated copper foil accord 
ing to the present invention and heated to cause condensation 
reaction to form a polyimide film directly on the surface of the 
Surface-treated copper foil. 
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The rigid printed wiring board obtained by using the rigid 
copper clad laminate, or the flexible printed wiring board 
obtained by using the flexible copper cladlaminate according 
to the present invention is particularly a printed wiring board 
having stable electrical performance in that a fine pattern is 
formed as intended in which waving at the wiring edge is 
reduced and linearity of wiring is excellent, as is clear from 
the above description. Since the Surface unevenness present 
in the bonding Surface of the Surface-treated electro-depos 
ited copper foil according to the present invention is Small and 
just included in the waviness of the deposit side, the surface 
treated electro-deposited copper foil is also suitable for use in 
manufacturing a multilayer printed wiring board which may 
use a thin insulation layer-constituting material. 

Here, one example of a conventional method for manufac 
turing a printed wiring board when any of the above rigid 
copper clad laminate or flexible copper clad laminate (here 
inafter, simply referred to as a "copper cladlaminate') is used 
will be described below. In first step, an etching resist layer is 
formed on a Surface of a copper clad laminate, and a wiring 
pattern for etching is exposed and developed to form an 
etching resist pattern. For the etching resist layer above, a 
photosensitive resin, Such as a dry film and a liquid resist, may 
be used. In addition, for exposure, UV light is generally used, 
and a method for forming an etching resist pattern of conven 
tional process can be used. 

Then, the electro-deposited copper foil is etched to be a 
wiring shape using a copperetching Solution, and the required 
wiring shape on the Surface of the rigid substrate or the 
flexible substrate is formed after stripping the etching resist. 
Also for the etching Solution at this time, any of copper 
etching Solutions, such as an acid copper etching solution and 
an alkaline copper etching solution, can be used. 

Therefore, when a double-sided copper clad laminate and/ 
or a multilayer copper clad laminate are used, additional 
process for electrical connection among the layers may be 
required among the process for wiring formation by etching 
and the like. In Such a case, through holes, via holes and the 
like may be formed by the conventional method, followed by 
plating conductor to perform electrical connection between 
the layers. Generally, to plate the conductor, activation treat 
ment with a palladium catalyst followed by copper electroless 
plating are performed, and then copper film is plated up by the 
electrolytic copper plating. 

After finishing wiring formation by copper etching, Suffi 
cient water rinsing and drying are performed. In addition, 
rust-proofing treatment and the like as required are performed 
on a rigid printed wiring board or a flexible printed wiring 
board. 

EXAMPLES 

Preparation of Electro-Deposited Copper Foils 

In these Examples, seven types of electrolytic solutions in 
which the concentration of various additives was adjusted to 

Subject 

Example 1 
Example 2 
Example 3 

10 

15 

25 

30 

35 

40 

45 

50 

16 
the concentration described in Table 1 were used to prepare 
electro-deposited copper foils. Specifically, as a Sulfuric acid 
base copper electrolytic solution, copper Sulfate (reagent) and 
Sulfuric acid (reagent) were dissolved in pure water to adjust 
copper concentration of 80 g/L and free Sulfuric acid concen 
tration of 140 g/L to obtain a base solution. To the base 
solution, MPS-Na or SPS-Naas a sulfonate of an active sulfur 
compound, three types of DDAC polymers as quaternary 
ammonium salt polymers having a cyclic structure 
(UNISENCE FPA100L, FPA101L, and FPA102L manufac 
tured by SENKA CORPORATION), and hydrochloric acid 
were added. The molecular weight of the DDAC polymers 
used Satisfies FPA10OL3FPA101 L-FPA102L. 

TABLE 1 

Additive concentration (ppm 

A sulfonate of active 
Sulfur compound DDAC polymer? 

Example MPS-Na. SPS-Na. (trade name) Chlorine 

Example 1 5 30/(FPA10OL) 25 
Example 2 5 5/(FPA10OL) 10 
Example 3 5 30/(FPA10OL) 25 
Example 4 5 35/(FPA10OL) 30 
Example 5 6 37/(FPA10OL) 29 
Example 6 30 71/(FPA101L) 40 
Example 7 200 71/(FPA102L) 40 

In preparation of an electro-deposited copper foil, elec 
trolysis was performed by using a rotating cathode made of a 
titanium plate in which the surface was polished by #2000 
emery paper to adjust Surface roughness (Ra) to 0.20 um, and 
using DSA for an anode, with the solution temperature being 
50° C., the electric current density for anode (DA) in first-step 
electrolysis of 74 A/dm, and the electric current density for 
anode (DA) in second-step electrolysis of 52 A/dm. In 
Example 1, an electro-deposited copper foil having a thick 
ness of 15um was prepared. In Example 2, an electro-depos 
ited copper foil having a thickness of 12 um was prepared. In 
Example 3, the same solution as in Example 1 was used, and 
the electrolysis time was adjusted to prepare an electro-de 
posited copper foil having a thickness of 70 um. In Example 
4 and Example 5, substantially the same electrolytic solution 
as in Example 1 and Example3, except that SPS-Na was used 
in place of MPS-Na, was used to prepare an electro-deposited 
copper foil having a thickness of 15um. In Example 6 and 
Example 7 using SPS-Na, a DDAC polymer having a large 
molecular weight was used, and the concentration of other 
additives was adjusted to be optimal to prepare an electro 
deposited copper foil having a thickness of 12 um. The evalu 
ation results and the like of the electro-deposited copper foils 
prepared in Example 1 to Example 7 are shown in Table 2. For 
the electro-deposited copper foil of Example 1, a cross sec 
tion was observed. As is clear from the observed image shown 
in FIG. 4, a two-layer structure was clearly found. 

TABLE 2 

Deposit side of electro-deposited copper foil 

Three-dimensional Stylus-type 
Copper Surface structure roughness 

foil analysis leter Gloss Gs 

thickness Wax PV Wmax/PV Rzis RSm 60° 

(Lm) (Lm) (Lm) (-) (m) (mm) TD MD 

15 0.37 O.39 O949 O.32 O.19 659 665 
12 O45 O.48 O.938 O.31 O.16 664 671 
70 O.065 O.O79 O.823 O.17 O.39 691 686 
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TABLE 2-continued 

18 

Deposit side of electro-deposited copper foil 

Three-dimensional Stylus-type 
Copper Surface structure roughness 

foil analysis leter 

thickness Wax PV Wmax/PV Rzis RSm 

Subject (Lm) (Lm) (Lm) (-) (Lm) (mm) 

Example 4 15 O.27 O.30 O904 O.29 O.18 
Example 5 15 O.36 0.39 O943 O.31 O16 
Example 6 12 O42 (0.44 O.959 O.47 0.22 
Example 7 12 O.S8 0.66 O869 O.71 O.14 
Comparative 12 O.82 1.87 O439 1.OO O.O7 
Example 

Next, in Example 8 to Example 11, the same base solution 
as in the above-described Example 1 to Example 7 was used 
to prepare four types of electrolytic solutions shown in Table 
3. The purpose was to evaluate the surface of the insulation 
layer-constituting material after copper on the Surface was 
fully dissolved and removed. These electrolytic solutions in 
Table 3 were used under the same electrolysis conditions as in 
Example 1 to Example 7 to make four types of electro-depos 
ited copper foils having a thickness of 15um. 

TABLE 3 

Bonding 
surface of 

Gloss Gs 

60° 

TD MD 

790 790 
775 773 
654 687 
608 640 
324 383 

on Straight line optionally selected in plane from the obser 
Vation data of a three-dimensional Surface structure analysis 
microscope (zygo New View 5032) was used for analysis. 
The result is shown in FIG. 5. 

In Example 8 to Example 11, together with the surface 
treated electro-deposited copper foil, the surface of the sub 
sequent insulation layer-constituting material was evaluated 
where the copper on the Surface of a copper clad laminate 
made by using the Surface-treated electro-deposited copper 

Surface of insulation 
layer-constituting 

Additive concentration Surface- material after copper 
DDIll treated foil is dissolved and removed 

DDAC Wmax RZis Wmax RZ is 
polymer MPS-Na SPS-Na CI (Im) (Im) (Lm) (Lm) 

Example 8 18 1.6 25 O.34 0.29 O.39 O.31 
Example 9 25 1.3 29 O.36 0.37 0.37 0.37 
Example 10 26 1.9 29 O.29 O.42 O.28 0.27 
Example 11 29 3.1 29 O.27 O.23 O.28 O.25 

40 
<Preparation of Surface-Treated Electro-Deposited Copper 
Foils 

Rust-proofing treatment was provided to both surfaces of 
each of the electro-deposited copper foils prepared in 
Example 1 to Example 11. Here, inorganic rust-proofing with 
conditions described below was applied. Zinc rust-proofing, 
using a Zinc sulfate bath with a free Sulfuric acid concentra 
tion of 70 g/L and a Zinc concentration of 20 g/L, a Solution 
temperature of 40°C., and an electric current density of 15 
A/dm was performed. Further, after the zinc rust-proofing 
was performed, chromate rust-proofing was performed by 
electrolysis. The electrolysis conditions at this time were a 
chromic acid concentration of 5.0 g/L, a pH of 11.5, a solution 
temperature of 35°C., an electric current density of 8 A/dmf, 
and an electrolysis time of 5 seconds. 

Immediately after water rinsing following the above rust 
proofing treatments, a silane coupling agent was adsorbed on 
a deposit side. For the Solution composition at this time, 
Y-glycidoxypropyltrimethoxysilane was dissolved in pure 
water as a solvent at a concentration of 5 g/L. The Solution 
was splashed by showering for adsorption treatment, and the 
water contained was vaporized to obtain 11 types of Surface 
treated electro-deposited copper foils. 

Evaluation for the surface-treated electro-deposited copper 
foil was carried out in Example 1 to Example 7. The evalua 
tion result is shown in Table 4. The separation of the waviness 
component and the roughness component in the data for the 
deposit side of the surface-treated electro-deposited copper 
foil obtained in Example 1 was performed. Specifically, data 

foil was fully dissolved. Specifically, a polyimide resin pre 
cursor was coated on a deposit side of the Surface-treated 
electro-deposited copper foil obtained from each Example, 
and heated at 350° C. to bond a polyimide film layer having a 
thickness of 38 um on the surface-treated electro-deposited 
copper foil. For the flexible copper clad laminate thus 
obtained, the copper foil on the surface was fully etched by 
using a cupric chloride etching Solution. The Surface of the 
insulation layer-constituting material, after copper etching, 
was evaluated by using the three-dimensional Surface struc 
ture analysis microscope (zygo New View 5032) with the 
same setting as that for the bonded Surface-treated electro 
deposited copper foil. The evaluation results and the like 
obtained in the Example 8 to Example 11 are shown in Table 
3. 

TABLE 4 

45 

50 

55 

Deposit side of surface-treated electro 
deposited copper foil 

Three-dimensional 
Surface structure 

analysis 
Stylus-type 

roughness meter 

Gs (60° 

TD MD 

60 
Gloss 

Wmax PV Wmax/PV Rzjis RSm 

Subject (-) 

O.852 
O.909 

(Lm) (mm) (Lm) (Lm) 

O.23 
OSO 

0.27 
0.55 

O.28 
0.44 

O.17 
O16 

S1.4 
479 

65 Example 1 
Example 2 
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TABLE 4-continued 

Deposit side of surface-treated electro 
deposited copper foil 

Three-dimensional 
Surface structure Stylus-type 

analysis roughness meter Gloss 

Wmax PV Wmax/PV Rzis RSm Gs (60° 

Subject (Lm) (Lm) (-) (m) (mm) TD MD 

Example 3 0.063 0.07 O.851 O.15 O.34 570 570 
Example 4 0.32 O.34 O.930 O.29 O.21 S81 584 
Example 5 0.32 O.34 O.918 O.30 O.18 629 622 
Example 6 0.28 O.32 O869 0.55 O16 595 627 
Example 7 0.57 O.64 O886 O.70 O.14 509 560 
Compara- 0.75 18O O417 O.98 O.O6 272 322 
tive 
Example 

Comparative Example 

The Comparative Example is a trace experiment of 
Example 4 described in Patent Document 1. A titanium plate 
similar to that of the Examples in this application was used for 
a cathode. Specifically, copper Sulfate (reagent) and Sulfuric 
acid (reagent) were dissolved in pure water to adjust a copper 
concentration of 90 g/L and a free Sulfuric acid concentration 
of 110 g/L to obtain the base solution of the sulfuric acid base 
copper electrolytic solution described in Patent Document 1. 
To the solution, Sodium 3-mercapto 1-propanesulfonate, 
hydroxyethylcellulose, and a low molecular weight glue (av 
erage molecular weight: 1000) were added at concentrations 
of 4 ppm, 5 ppm, and 5 ppm, respectively, and further using 
Sodium chloride, the chlorine concentration was adjusted to 
30 ppm to obtain a sulfuric acid base copper electrolytic 
solution. The electrolysis conditions followed Patent Docu 
ment 1, and an electro-deposited copper foil having a thick 
ness of 12 um was obtained. The evaluation result of the 
obtained electro-deposited copper foil is shown in Table 2. 
Then, rust-proofing treatment was provided to both Surfaces 
of the obtained electro-deposited copper foil in a manner 
similar to that of the Examples. The evaluation result of the 
obtained surface-treated electro-deposited copper foil is 
shown in Table 4. Further, the separation of the waviness 
component and the roughness component in the data on the 
deposit side of the obtained surface-treated electro-deposited 
copper foil was performed in a manner similar to that of the 
surface-treated electro-deposited copper foil obtained in 
Example 1. The result is shown in FIG. 6. 
<Comparison Among Electro-Deposited Copper Foils and 
Surface-Treated Electro-Deposited Copper Foils.> 

Using the data obtained from the electro-deposited copper 
foils and the surface-treated electro-deposited copper foils 
described in Table 2, Table 3, and Table 4, the electro-depos 
ited copper foils and the surface-treated electro-deposited 
copper foils according to the Examples and the Comparative 
Example are compared as described below. 
The comparison between Example 1 and Example 3: As 

seen in Table 2, for the comparison of the evaluated perfor 
mance of the deposit side of the electro-deposited copper 
foils, in the electro-deposited copper foil having a thickness 
of 15um in Example 1 and the electro-deposited copper foil 
having a thickness of 70 um in Example 3, Wmax is 0.37 um 
and 0.065 um, the surface roughness (RZjis) is 0.32 um and 
0.17 um, and the gloss is (659/665) and (691/686) in (TD/ 
MD). The electro-deposited copper foil in Example 3 is supe 
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rior to the electro-deposited copper foil in Example 1 in any of 
them. In the electro-deposited copper foils according to the 
present invention, there is a tendency that as the thickness is 
increased; a deposit side having more excellent Smoothness is 
obtained. 
The comparison among Example 1 to Example 7 (except 

for Example 3): As seen in Table 2, in the electro-deposited 
copper foils obtained in Example 1 to Example 7, except for 
Example 3 having a thickness of 70 Lum, the maximum wavi 
ness height (Wmax) of the deposit side is 0.27 um to 0.58 um, 
the maximum peak to valley height (PV) is 0.30 um to 0.66 
um, the (Wmax/PV) ratio is 0.869 to 0.959, the surface rough 
ness (RZjis) is 0.29 um to 0.71 um, RSm is 0.14 um to 0.22 
um, and the gloss Gs (60°) is (608 to 790/640 to 790) in 
(TD/MD). Although there is some level difference in all 
items, the electro-deposited copper foils have a deposit side 
excellent in both Smoothness and Small waviness. Also, no 
TD/MD direction difference is seen, and the foils are uniform. 
The comparison between Example 1 and Example 4: Here, 

the comparison of MPS-Na and SPS-Na as a sulfonate of an 
active Sulfur compound is carried out for the electro-depos 
ited copper foils. Seeing Table 2, in the electro-deposited 
copper foil obtained in Example 1 and the electro-deposited 
copper foil obtained in Example 4, the maximum waviness 
height (Wmax) of the deposit side is 0.37 um and 0.27um, the 
maximum peak to valley height (PV) is 0.39 and 0.30, the 
(Wmax/PV) ratio is 0.949 and 0.904, the surface roughness 
(RZjis) is 0.32 um and 0.29 um, RSm is 0.19 um and 0.18 um, 
and the gloss Gs (60°) is (659/665) and (790/790) in (TD/ 
MD). Although some superiority is seen in gloss when SPS 
Na is used as in Example 4, both of the electro-deposited 
copper foils obtained in Example 1 and Example 4 have a 
deposit side excellent in both Smoothness and Small wavi 
CSS. 

Also for the surface-treated electro-deposited copper foils 
shown in Table 4, except for the copperfoil having a thickness 
70 um obtained in Example 3, in the surface-treated electro 
deposited copper foils obtained in Example 1 to Example 7. 
the maximum waviness height (Wmax) of the deposit side is 
0.23 um to 0.57 um, the maximum peak to valley height (PV) 
is 0.27 um to 0.64 um, the (Wmax/PV) ratio is 0.852 to 0.930, 
the surface roughness (RZjis) is 0.28 um to 0.70 Lum, RSm is 
0.14 um to 0.21 um, and the gloss Gs (60) is (507 to 
629/479 to 627) in (TD/MD). Although there is some level 
difference in all items, the surface-treated electro-deposited 
copper foils have a bonding Surface excellent in both Smooth 
ness and small waviness. Also, no TD/MD direction differ 
ence is seen, and the foils are uniform. 
The evaluation on the surface of the insulation layer-con 

stituting material after copper on the Surface is fully dissolved 
and removed: Seeing Table 3, in the comparison among the 
Surface shape of the Surface-treated electro-deposited copper 
foils obtained in Example 8 to Example 11 and the insulation 
layer-constituting materials to which the Surface-treated elec 
tro-deposited copper foils are bonded and then copper on the 
surface is fully etched, the waviness height (Wmax) is (0.27 
um to 0.36 um/0.28um to 0.39 um) in (the bonding surface of 
the surface-treated foils/the surface of the insulation layer 
constituting materials), and the Surface roughness (RZjis) is 
(0.23 um to 0.42 um/0.25 um to 0.37 um) in (the bonding 
surface of the surface-treated foils/the surface of the insula 
tion layer-constituting materials). They are substantially the 
SaC. 

The comparison among the Examples and the Comparative 
Example Although the electro-deposited copper foil obtained 
in the Comparative Example substantially shows perfor 
mance described in Patent Document 1 as shown in Table 2, 
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the electro-deposited copper foil obtained in the Comparative 
Example is clearly inferior to the electro-deposited copper 
foils obtained in the Examples in this application. The gloss 
Gs (60) is 324 in TD and 383 in MD, and difference 
between measurement directions is obvious. 

Also in the surface-treated electro-deposited copper foil 
obtained in the Comparative Example, as shown in Table 4, 
the value of the maximum waviness height (Wmax) of the 
bonding Surface that greatly affects the straight line perfor 
mance of the wiring edge is larger than that of the Surface 
treated electro-deposited copper foils of the same thickness 
obtained in the Examples. Therefore, as in the electro-depos 
ited copper foil, the Surface-treated electro-deposited copper 
foil of the Comparative Example is clearly inferior to the 
surface-treated electro-deposited copper foils obtained in the 
Examples in this application. The gloss Gs (60) is 272 in 
TD and 322 in MD, and difference between measurement 
directions is obvious. Further, as is also clear from the com 
parison between FIG. 5 and FIG. 6, in the deposit side of the 
surface-treated electro-deposited copper foils obtained in the 
Examples in this application, the variation of the roughness 
component is clearly Smaller than the variation of the wavi 
ness component. On the other hand, in the Surface-treated 
electro-deposited copper foil obtained in the Comparative 
Example, the variation of the waviness component itself is 
larger than the variation of the waviness component of the 
surface-treated electro-deposited copper foil obtained in the 
Examples in this application. Also, the variation of the rough 
ness component is still larger, showing the same level of 
variation as that of the waviness component. Also from the 
value of RSm obtained by using the stylus-type roughness 
meter, it is clear that the surface-treated electro-deposited 
copper foils according to the present invention have narrower 
pitch of waviness than the surface-treated electro-deposited 
copper foil obtained in the Comparative Example. Also from 
this point, it is obvious that measurement by using the stylus 
type roughness meter can give an indicator. From the com 
parison above, the reason why the Surface-treated electro 
deposited copper foils according to the present invention is 
Suitable for use in forming fine wiring at a 20 um pitch level 
is made clear. Basically, it is obvious that a good electro 
deposited copper foil is required to obtain a surface-treated 
electro-deposited copper foil having good performance. 

In the above Examples, good result is obtained by using the 
composition of Sulfuric acid base copper electrolytic Solu 
tions having a copper concentration of about 50 g/L to 120 
g/L and a free Sulfuric acid concentration of about 60 g/L to 
250 g/L in manufacturing of the electro-deposited copper 
foils according to the present invention. But, in the actual 
operation, the electric current density of first-step electrolysis 
and the electric current density of second-step and Subse 
quent-step electrolysis, as well as the range of solution com 
position, the solution temperature, and the like may be 
changed in a suitable range according to the equipment speci 
fications. The method or form for adding MPS, SPS, DDAC 
polymer, and the like described in the above Examples and/or 
Comparative Example is not limited. For example, when 
MPS is added, salt with another alkaline metal or alkaline 
earth metal may be used in place of MPS-Na. At this time, it 
is preferable to use SPS-Cusalt because the accumulation of 
Na can be prevented. The sulfuric acid base copper electro 
lytic solutions according to the present invention do not 
exclude the presence of other additives. Any additive may be 
added as long as it is confirmed that the additive further 
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emphasizes the effect of the above additives and/or contribute 
quality stabilization in continuous production, and so on. 

INDUSTRIAL APPLICABILITY 

The surface-treated electro-deposited copper foil accord 
ing to the present invention has a low profile at a level equal to 
or excellent than that of low-profile surface-treated electro 
deposited copper foils that have conventionally been Supplied 
to the market, and has a bonding Surface having Small wavi 
ness. Therefore, the surface-treated electro-deposited copper 
foil according to the present invention is suitable for the 
formation of fine pitch wiring, particularly fine wiring at a 20 
um pitch level, for a tape automated bonding (TAB) substrate 
and/or a chip on film (COF) substrate. Also, the surface 
treated electro-deposited copper foil according to the present 
invention is suitable as material for forming the electromag 
netic wave shield pattern in a plasma display panel and is also 
suitable as material for forming the bottom electrode of the 
embedded capacitor of a printed wiring board with embedded 
capacitor. Further, the Surface-treated electro-deposited cop 
perfoil according to the present invention can also be suitably 
used as the negative electrode current collector of a lithium 
ion secondary battery. 

The invention claimed is: 
1. A surface-treated electro-deposited copper foil compris 

1ng: 
a deposit side of the electro-deposited copper foil having a 

Surface roughness RZis of 0.1 um to 1.0 um, and a gloss 
Gs(60°) of 400 or more, wherein the deposit side of the 
electro-deposited copper foil is subjected to at least one 
Surface treatment selected from a rust-proofing treat 
ment and a silane coupling agent treatment; and 

a bonding surface formed on the deposit side of the electro 
deposited copper foil after the surface treatment, 
wherein the bonding Surface has a maximum waviness 
height (W) of 0.05 um to 0.7 um, and is capable of 
being bonded with an insulating layer-constituting 
material. 

2. The surface-treated electro-deposited copper foil 
according to claim 1, wherein a Surface roughness (RZis) of 
the bonding Surface is 0.1 um to 1.0 Lum. 

3. The surface-treated electro-deposited copper foil 
according to claim 1, wherein a maximum peak to Valley 
height (PV) of the bonding surface is 0.05um to 1.5um. 

4. The surface-treated electro-deposited copper foil 
according to claim 1, wherein a ratio of the maximum wavi 
ness height (Wmax) against to the maximum peak to Valley 
height (PV), (Wmax)/(PV) of the bonding surface is 0.8 or 
O. 

5. An electro-deposited copper foil used for manufacturing 
of the Surface-treated electro-deposited copper foil according 
to claim 1, characterized in that Surface roughness (RZis) of 
a shiny side of the electro-deposited copper foil is 0.4 um to 
2.0 Lum. 

6. The electro-deposited copper foil according to claim 5, 
wherein gloss Gs (60°) of the shiny side is 70 or more. 

7. A copper clad laminate characterized by being obtained 
by bonding the surface-treated electro-deposited copper foil 
according to claim 1 to an insulation layer-constituting mate 
rial. 

8. The copper clad laminate according to claim 7, wherein 
the insulation layer-constituting material contains a rein 
forcement. 

9. A rigid printed wiring board characterized by being 
obtained using the copper clad laminate according to claim 8. 
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10. The copper cladlaminate according to claim 7, wherein 
the insulation layer-constituting material is constituted from a 
flexible material having flexibility. 

11. A flexible printed wiring board characterized by being 
obtained using the copper clad laminate according to claim 
10. 

12. The surface-treated electro-deposited copper foil 
according to claim 1, wherein the gloss Gs(60°) of the 
deposit side is 600 or more, and the gloss Gs(60°) of the 
deposit side is higher than a gloss Gs(60°) of the shiny side. 

13. The surface-treated electro-deposited copper foil 
according to claim 1, wherein the gloss Gs(60°) of the 
deposit side is a (gloss GS(60°) measured along a transverse 
direction)/(a gloss GS(60) measured along a machine 
direction. 

14. A method for manufacturing the electro-deposited cop 
per foil according to claim 5 by depositing on a cathode 
Surface by an electrolysis method using a sulfuric acid base 
copper electrolytic solution in which, the electrolysis method 
comprises a continuous first-step electrolysis to n-th-step 
electrolysis carried out at two or more different levels of 
electric current density within time required for electrolysis 
to manufacture the electro-deposited copper foil. 

15. The method for manufacturing an electro-deposited 
copper foil according to claim 14, wherein an electric current 
density of the first-step electrolysis is 50A/dm to 400A/dm. 

16. The method for manufacturing an electro-deposited 
copper foil according to claim 14, wherein an electric current 
density of the second-step electrolysis to the n-th-step elec 
trolysis is 15 A/dm to 90 A/dm and is smaller than the 
electric current density of the first-step electrolysis. 

17. The method for manufacturing an electro-deposited 
copper foil according to claim 14, wherein the Sulfuric acid 
base copper electrolytic Solution comprises one or more addi 
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tives selected from glue, thiourea, polyalkylene glycol, an 
amine compound, a compound having a mercapto group, a 
chlorine ion, a high molecule polysaccharide, a copolymer of 
diallyldialkylammonium salt and Sulfur dioxide, an oxyeth 
ylene base surfactant, polyethyleneimine or its derivative, a 
Sulfonate of an active Sulfur compound, and a quaternary 
ammonium salt polymer having a cyclic structure. 

18. The method for manufacturing an electro-deposited 
copper foil according to claim 14, wherein the Sulfuric acid 
base copper electrolytic solution comprises at least one 
selected from 3-mercapto-1-propanesulfonic acid and bis(3- 
Sulfopropyl)disulfide; and a quaternary ammonium salt poly 
mer having a cyclic structure. 

19. The method for manufacturing an electro-deposited 
copper foil according to claim 18, wherein a total concentra 
tion of 3-mercapto-1-propanesulfonic acid and/or bis(3-sul 
fopropyl)disulfide in the sulfuric acid base copper electrolytic 
solution is 0.5 ppm to 200 ppm. 

20. The method for manufacturing an electro-deposited 
copper foil according to claim 17, wherein the sulfuric acid 
base copper electrolytic solution contains 1 ppm to 100 ppm 
of aquaternary ammonium salt polymer having a cyclic struc 
ture. 

21. The method for manufacturing an electro-deposited 
copper foil according to claim 20, wherein the quaternary 
ammonium salt polymer having a cyclic structure in the Sul 
furic acid base copper electrolytic solution is a dialyldim 
ethylammonium chloride polymer. 

22. The method for manufacturing an electro-deposited 
copper foil according to claim 17, wherein the sulfuric acid 
base copper electrolytic solution comprises chlorine and 
wherein a concentration of the chlorine is 5 ppm to 100 ppm. 

k k k k k 
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