-; - 20000498 4-1.
| -1 SEP 2000

TITLE
ELECTRODEPOSITED COPPER FOIL WITH ITS SURFACE
PREPARED, PROCESS FOR PRODUCING THE SAME

AND USE THEREOF

FIELD OF THE INVENTION
The present invention relates generally to an
electrodeposited copper foil with its surface prepared
5 wherein a matte side; namely a surface at which copper
deposition is completed, is mechanically polished at
least once and the thus ﬁechanically polished matte
side is subjected to a selective chemical polishing so

as to attain preparing thereof, and relates to a

10 process for producing the same and a use of the

_electrodeposited copper foil with its surface prepared

in, for example, a printed wiring board.

BACKGROUND OF THE INVENTION
15 In recent years, both the size and weight of
electronic equipment such as a notebook-sized personal
computer are being reduced to increasing extents.
Accordingly, IC wiring is also becoming finer.
With respect to the wiring pattern formed on a.
20 substrate used in such an electronic equipment, the

lead width is now as small as ten-odd microns (um). In
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accordance therewith, the metal foil constituting the
wiring pattern is becoming thinner. Specifically,

while the designated-thickness of metal foil for use in
the formation of the conventional wiring pattern of
aboﬁt 100 pm lead width has ranged from about 15 to 35
pum in correspondence to the width of the wiring patterh,
the thickness of metal foil employed in fhe formation
of ten-odd micron (um) wiring pattern must be reduced
in correspondence-thereﬁé.

For examplé, an aluminum foil or a copper foil is
used as the metal foil for constituting the above
wiring pattern. It is_preferred to employ a copper
foil,'especially an electrodeposited coéper foil, as
the metai foil.

The electrodeposited copper foil employed for
forming the above wiring pattern is produced by
electrqdepositing copper on a drum surface. With
respect to the thus produced electrodeposited copper
foil, the surface at which copper depdsition is
initiated, namely the surface at which formation of
copper deposits brought into contact with the drum is
initiated, is referred to as "shiny side", and the
surface at which copper deposition is completed is
referred to as "matte side". The surface condition of

the shiny side is substantially the same as that of the
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drum. That is, the 10-point average surface roughness
(Rz) in ISO 4287 of the drum is about from 1.2 to 2.5
um, to which the 10-point average surface roughness

(Rz) of the shiny side is nearly equal. On the other

‘hand, with respect to the matte side, its surface

roughness is greater than the surface roughness of the

shiny side, and the 10-point average surface roughness

'of the matte side, although varied depending on the

deposition condition of copper and the thickness
thereof, is generally in the range.of about 2.5 to 10
pm. In the conventional electrddeposited copper foil
of about 35 um nominal thickne#s, it has been rare that
the surface roughness of the matte side poses a problem.
However, in the electrodeposited copper foil of ten-odd
micron (pm) thiékness, the surface roughness of the
matte side is equivalent to tens of percents of the
thickness of the whole electrodeposited copper foil,
and the condition of the matte side e#erts marked
influence on the electrical properties of formed wiring
pattern and board per se. It is known that, for
example, mechanical polishing, chemical polishing and
electrolytic polishing are available as the means for
preparing the state of surface of the copper foil. The
mechanical polishing is a method of smoothing the

surface of the copper foil with the use of, for example,
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a buff. When use is made of a thin copper foil, the
copper foil may be broken by mechanical stress exerted
on the copper foil. ~Thus, the mechanical polishing is
suitable for the prepafing of the surface of relatively
thick copper foils. On-the other hand, no mechanical
stress is exerted on the copper foil in the chemical
polishing and electrolytic polishing, as different from
the mechanical ‘polishing, so that even thin copper
foils would not be broken by the chemical polishing and
electrolytic polishing. Thus, it has been believed
that the chemical polishing and electrolytic polishing
are suitable for the preparing of the surface of
relatively thin copper foils.

For example, Japanese Patent Unéxamined
Publication No. Hei 5-160208 discloses a-tape-carrier
having a lead pattern formed from an electrodeposited
copper foil wherein the overall surface of matte side
obtained by electrodepoéition has been pélished. This
publication discloses the use, in the formation of a
lead pattern of 60 to 80 um pitch, of an
electrodeposited copper foil wﬁose 1-2 pm of matte side
surface profile has been chemically polished to thereby
attain prepariﬁg of the matte side. The thickness of
the there employed electrodéposited copper foil after

the preparing is in the range of 18 to 30 pum. It is
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disclosed that a highly reliable carrier tape with
desired lead strength can be provided by the use of the
copper fbil whose matte side overall surface has been
éhemically polished.

However, the preparing of copper foil by chemical
polishing as described in the above publication,

although protrudent parts of the matte side are leached

‘with relatively high selectivity to thereby effect

 preparing thereof, also invites leaching of the copper

constituting the depressed parts of the matte side.
Therefore, in this chémical polishing, the whole copper
foil tends to become thin. Accordingly, when the thin
electrodeposited copper foil employed inlconformity
with the fécent trend toward fine pitch, for example,
the electrodeposited copper foil having a thickness of
35 ym (1 ounce), or 17.5 um (1/2 ounce), or less is
chemically polished to such an extent that a desired
state of surface is attained, the whole
electrodeposited copper foil is thinned to such an
extent that the mechanical strength of wiring pattern
or lead becomes poor. Further, this chemical surface
polishing poses a problem such that it is difficult to
control reaction conditions for chemical polishing so

as to have the matte side uniformly treated. These
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problems of chemical polishing alsoc occur in the
electrolytic polishing involving leaching of copper.

In this connection, Japanese Patent Application

~Publication (Unexamined) No. Hei 3-296238 discloses a

method of producing a TAB tape having a wiripg pattern
formed from a non—treated-copper foil. The average
surface roughness of the non-treated copper foil is
described as falling within the range of 0.01 to 1 um.

Hdwever, the non-treated copper foil whose average
surface roughness (Rz) falls within the range of 0.01
to 1 um, disclosed in this publication, is a rolled
copper foil. The surface roughness of this non-treated
rolled copper foil is too low to ensure satisfactory
peel strength (bondihg strength). Acbqrdingly, it is
needed to preheat the copper foil or increase the
diameter of the roller so as to form a covering thin
film of cuprous oxide on the surfaée of the rolled
copper foil. This poses a problem such that the
process becomes laborious. Further, the use of this
rolled copper foil renders it difficult to form a
wiring pattern of extremely fine pitch such as one of
from 30 pm to less.fhan 60 um pitch width.

Still further, Japanese Patent Unexamined
Publication No. Hei 9-195096 discloses an invention

directed to an electrodeposited copper foil for printed
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wiring board wherein the surface roughness (Rz) of the

matte side of electrodeposited copper foil prior to

nodulating treatment™is not greater than 1.5 pum wﬁile
the surface roughness (Rz) after nodulating treatment
on the matte side is in the range af 1.5 to 2.0 pm.
This electrodeposited copper foil is described as being
producible by a method comprising buffing the matte
side of an electrodeposited_copper foil so as to cause
the surface roughhess (Rz) prior to roughening
treatment to become in the range of 1.5'pm or less and
§ubsequently effecting a roughening treatment on the
matte side so as to cause the surface roughness (Rz) to
become in the range of 1.5 to 2 pm.

However, the buffing of electrodeposited copper'
foil at a stretch as described in this publication may
cause streaks on the buffed surface. These streaks
result from polishing made deeper than predetermined.
Some streaks have not posed any problem when use is
made of the conventional thick electrodeposited copper
foils. However, thése,streak portions-are formed by
excess polishing of copper, so that, when use is made
of thin copper foils, the depth of streak portions is
extremely large. Thus; these are likely to become the
cause of defective occurreﬁce, for example, high

possibility of open circuit at such portions in a
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wiring pattern or the like. Furthermore, in the
execution of such buffing, stress is exerted on
protrudent parts of “the copper foil surface along the
direction of buff rotation, so that protrudent parts of
the copper foil surface are likely to deform along the
direction of buff rotation. It is difficult to effect
uniform.roughening treatment on the buffed copper foil
having thus deformed protrudent parts. Nonuniform
roughehing.treatment would invite problems such that
the adherehce to insulating filﬁs, etching uniformity,
bonding reliability, etc. are deteriorated. These

problemé are likely to occur especially when thin

elegtrodeposited copper foils are mechanically polished.

As apparent from the above, all the mechanical
polishing, chemical polishing and electrolytiq
polishing methods, conventionally empléyed in the
poliéhing of the matte side of the electrodeposited
copper foil, héve been highly useful for the polishing
of electrodeposited copper foil for forming wiring
patterns of 100 pm or more pitch. However, the single
émployment of the above conventional polishing methods
in the polishing of the matte side of the
electrodeposited copper foil used to produce a printed
wiring board whose pitch is becoming tens of microns or

less involves the highly probable danger of causing the
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formed wiring pattern to be brittle and hénce tends to
render it difficult to supply printed wiring boards

having reliable properties.

OBJECT OF THE INVENTION

An object of the present invention is to provide
an electrodeposited copper foil which is especially
suitable for producing a printed wiring board of fine
pitch and to provide a process for producing such an
electrodeposited copper foil.

Another object of the present invention is to
providé an electrodeposited copper foil with its matte
side surface prepared, the préparing pefformed by a
plurality of different polishing opérations under
extremely mild conditions in place of a single
polishing operafion to thereby realize a matte side
suréace prepared with high uniformity, and to provide a
process for producing such an electrodeposited copper
foil.

Further objects of the present invention are to
provide a printed wiring board of stable quality
produced with the use of the above electrodeposited
copper foil with its surface preparea with high

uniformity and to provide a multilayer laminate printed
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wiring board consisting of a laminate of such printed

wiring boards.

SUMMARY OF THE INVENTION

The process for producing an electrodeposited
copper foil with its surface prepared according to the
present invention comprises the steps of:

subjecting an electrodeposited copper foil having
a shiny side and a matte'side whose average surface
roughness (Rz) is in the range of 2.5 to 10 um to at
least one mechanical polishing so that the average
surface roughness (Rz) of the matte side becomes in the
range of 1.5 to 3.0 pm, and

subjecting the matte side having undergone thé
mechanical poiishing to a selective chemical polishing
so that the average surface roughness (Rz) of the matte
side becomes in the range of 0.8 to 2.5 um.

The electrodeposited éopper foil with its surface
prepared according to the present invention is one
having a shiny side and a prepared matte side whose
average suiface roughness (Rz) is in the range of 0.8
to 2.5 pm, the above prepared matte side obtained
through the steps of subjecting a matte side of
electrodeposited copper foil whose average surface

roughness (Rz) is in the range of 2.5 to 10 um to at
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least one mechanical polishing so that the average
surface roughness (Rz) of the matte side becomes in thg
range of 1.5 to 3.0 pm, and subjecting the matte side
having undergone the mechanical polishing to a
selective chemical polishing‘so that the average
surface roughness (Rz) of the matte side becomes in the
range of 0.8 to 2.5.pm.

The prepared matte side surface of the

electrodeposited copper foil with its surface prepared

-according to the present invention is preferably

furnished with a roughened layer. A corrosion
preventive layer is preferably disposed on the surface
of the roughened layer, and a silane coupling agent
layer is preferably disbosed on the surface of the
corrosion preventive layer.

The printed wiring board §f the present invention
comprises an insulating subétrate having its surface
furnished with a wiring pattern formed from an
electrodeposited copper foil with its surface prepared,
this electrodeposited copper foil with its surface
prepared having a shiny side and a prepared matte side
whose average surface roughness (Rz) is in the range of
0.8 to 2.5 um, the prepared matte side obtained through
the stepé of subjecting a matte side of

electrodeposited copper foil whose average surface
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roughness (Rz) in the range of 2.5 to 10 um to at least
one mechanical polishing so that the average surface
roughness (Rz) of thé matte side becomes in the range
of 1.5 to 3.0 pm, énd subjeqting the matte side having
undérgone the mechanical polishing to a chemical
polishing so that the average surface roughness (Rz) of
the matte side becomes in the range of 0.8 to 2.5 um.

The multilayer printed wiring board of the present

invention comprises a laminate of a plurality of boards

of given thickness, the above boards capable of being
electrically connected to each otﬁer in the direction
of the thickness of the laminate, each of the boards
having its surface furnished with a wiring pattern
formed from an electrodeposited copper foil with its
surface prepared, this electrodeposited copper foil
with its surface prepared having a shiny side and a
prepared matte side whose average surfaée roughness
(Rz) is in the range of 0.8 to 2.5 um, the prepared
matte side obtained through the steps of subjecting a
matte side of electrodeposited copper foil whose
average surface roughness (ﬁz) is in the range of 2.5
to 10 um to at least one mechanical polishing so that
the average surface roughness (Rz) of the matte side
becomes in-the range of 1.5 to 3.0 um, and subjecting

the matte side having undergone the mechanical
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polishing to a chemical polishing so that the average
surface roughness (Rz) of the matte side becomes in the
range -of 0.8 to 2.5 pm.

In the present invention, it is préferablé for'tﬂe
electrodeposited copper foil with its surface prepared
that the sharp edges of the matte side have been
substantially eliminated by the chemical polishing
after at least one mechanical polishing;

The electrodeposited éopper foil with its surface
prepared, employed for forming the printed wiring board
or the multilayer printed wiring board, preferably has
its chemically polished matte side treated for
roughening.

In the present inﬁention, a copéer—clad laminate
comprises a substrate and the electrodeposited copper
foil with is surface prepared which is laminated on the
substrate.

There are a vast plurality of unevennesses on the
surface of the matte side of the electrodeposited
copper foil, wher€in, for example, protrudent part
heights and depressed part dépths are not fixed. The
surface condition of the matte side is often expressed
by the average surface roughness (Rz). As described
later, the average surface roughness (Rz) is an average

of dépths of depressed parts and heights of protrudent
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parts constituting the surface of the matte side. Thus.
on thé matte side having a given average surface
roughness (Rz), there are a multiplicity of pfotrudenf
parts whose roughness (Rmax) is greater than the
average surface roughness (Rz). In the first step of
the process for producing an electrodeposited copper
foil with its surface prepared according to the present
invention, mainly apex portions of the protrudent parts
are méchanically fémoved by the mechaniecal polishing.
Thus, the matte side is freed mainly of apex portions
of the protrudent parts. In this mechanical polishing,
stress is applied to portions to be polished so that,
referring to, for example, Fig. 4 (a), apex portions of
the protrudent parts 112 are removed. Accordingly,
there inevitably occurs a directionality along which

mechanical polishing stress is applied. For example,

-referring to Fig. 4, when apex portions of the

protrudent parts are polished by a rotary buff, stress
is applied to the apex portions of the protrudent parfs
112 in the same direction as the direction of buff
rotation with the resqlt that, as shown in Fig..4 (b),
protrudent part portion first brought into contact with
the rotary buff is polished more easily than the side
later brought into contact with the rotary buff.

Furthermore, apex portions of the protrudent parts 112
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are ground while being slightly deformed along the

- direction of stress application, so that polished upper

portions of the protrudent parts may suffer from
deformation corresponding to the stress exerted by the
rotary buff or the like. For example, referring to Fig.
4 (b), it has been found that the protrudent parts may
be deformed along the direction of buff rotation with
the result that shelf-shape déformations 111 are formed
downstream in the direction of stress application.

As apparént from the above, stress is produced
during the mechanical polishing, so that the mechanical
polishing is inevitably accompanied by a directionality.
Further, in the process of the present invéntion, it is
intended to mainly polish and remove apex portions of
the protrudent parts of the matte side by the
mechanical polishing, but not to polish the whole
surface of the matte side so as to render the surface
specular. Rather, from the viewpoint of attaining
stable bonding to the surface of an insulating
substrate, it is preferred that’ the matte side surface
be not completely smooth. Therefore, in the present
invention, apex portion; of the protrudent parts are
mainly mechanically polished. However, referring to
Fig. 4 (b), this mechanical polishing forms boundary

120 between polished portion and portion not polished.
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When - the matte side is directly subjected to the
subsequent treatment for roughening, the states of
being roughened.may?be different between the polished
portion and the portion not polished.

Therefore, in the present invention, referring to
Fig. 4 (c), the matte side having undergone-the above
mechanical polishing is further chemically polished to
thereby remove discontinuous polishing boundary 120 and
iﬁstead.create round curved surfacé 121. Moreover,
performing the chemical polishing after the mechanical
polishing can also correct the directionality of
polished surface due to stress, generated during the

mechaniéal polishing.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic sectional view of one form
of matte side of a conventional electrodeposited copper
foil;

Fig. 2 1is a schematic sectional view showing the
state of the matte side having undergone buffing;

Fig. 3 1is a schematic sectional view showing the
state of the matte side having undergone buffing and

subsequent chemical polishing;
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Figs. 4 (A)-(C) schematically show the deformation
of protrudent parts made at buffing and after chemical
polishing; E

Fig. 5 is a view schematically showing the state
of the electrodeposited copper foil with its surface
prepared that has been treated for roughening;

Fig. 6 is a view schematically showing the
electrodeposited copper foii with its surface prepared
of fhe present invention, having been laminated to a
polyimide film;

Fig. 7 is a Scanning Electron Micrometer (SEM)
photo showing one form of the matte side of an
electrodeposited copper foil before being subjected to
the process of the present invention; |

Fig. 8 is a SEM photo showing one form of the
matte side having undergone the.first mechanical
polishing;

-Fig. 9 is a SEM photo showing one form of the
matte side having undergone the second mechanical
polishing;

Fig. 10 is a SEM photo showing one form of the
matte side having undergone the chemicél polishing; and

Fig. 11 is a SEM photo showing one form'of the

matte side of an electrodeposited copper foil with its
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surface prepared according to the present invention,
which has been treated for roughening.
DETAILED DESCRIfTION OF THE INVENTION
The electrodeposited copper foil with its surface
prepared according fo the present invention, along with
the process for producing the same, will be described

in detail below with reference to the drawings. In the

drawings, like reference numerals are used to designate

like or corresponding members, if possible, throughout
the several views.

The electrodeposited copper foil prior to
mechanical polishing for use in the present invention
generally has a nominal thickness of 5 to 35 um and an
average surface roughness (Rz) of matte side ranging
from about 2.5 to 10 um, preferably about 3 to 8 um.
Even with respect to electrodeposited coppér foils of
small surface roughness, the average surface roughness
(Rz) of matte side is in the range of about 3 to 7 pm.
Examples of copper foils having such an average surface
roughness (Rz) include VLP foil (average surface
roughness (Rz): 3 to 5 um) and HTE foil (average
surface roughness (Rz): 4 to 7 um).

Fig. 1 is a sectional view schematically showing

the common surface condition of the matte side of an
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electrodeposited copper foil (18 pm thick

electrodeposited copper foil) having'an average gauge

thickness (Tg) of 18.-pum and an average surface

roughness (Rzg) of 3.6 pm. Fig. 2 is a schematic

sectional view of the electrodeposited copper foil
having its surface prepared so as to have an average
surface roughness (Rzj;) of 2.0 pm by a mechanical
polishing. Fig. 3 is a schematic sectional view of the

electrodeposited copper foil having its surface

prepared so as to have an average surface roughness

(Rz3) of 1.5 pm with round shape by a chemical

polishing . Fig. 7 is a SEM photo showing the state of
matte side of'the 18 pm thick electrodeposited copper
foil prior to polisﬁing.

In Figs. 1 through 3, the designation "M side"
means the matte side of the electrodeposited copper
foil, and the designation "S side" means the shiny side
of the electrodeposited copper foil. Referring to Fig.
1, generally, the average surface'roughness (Rz) of the
matte side is expressed by a 10-point average surface
roughness (Rz). The 10-point average roughness (Rz) ié,
as shown in ISO 4287, an average of 10-points of five
largest values and five smallest values selected from
the specified lengths from depressed part bottom to

protrudent part apex at a multiplicity of points of the
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matte side. The unevenness formed at the matte side is
not uniform, and the distance from the deepest bottom

of depressed parts o the highest apex of protrudent
parts (Cq) is about 5 pm even in the electrodeposited

copper foil whose average surface roughness (Rzg) is

3.6 pm.

In the present invention, referring to Fig. 2, thé
mechanicai polishing mainly polishes apex portions of
the protrudent parts of the matte side. This
mechanical pélishing causes fhe average surface
roughness (Rzj) of the matte side of the
electrodeposited copper foil to generally fall within
the range of 1.5 to 3.0 um, preferably 1.8 to 2.5 um.

This mechanical polishing can be accomplished by
the use of, for example, a rotary buff.

Specifically, while the electrodeposited copper
foil to be polished is being passed through guide rolls,
a rotary buff is pressed against the matte side thereof
to thereby effect intended polishing.

In this buffing, the buff is rotated in a single
direction at a rotating speed of generally 100 to iSOO
rpm, préferably 1000 to 1300 rpm, to thereby effect
intended mechanical polishing. When the rotating speed
of the buff is less than 100 rpm, it is difficult to

uniformly polish the matte side to be polished. On the
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other hand, when the rotating speed is much greater
than 1500 rpm, the buff rotation becomes unstable, so
that the electrodepdsited copper foil may be broken. |

Although the press force exerted by the buff upon
the electrodeposited copper foil to 5e polished in the
buffing can be appropriately regulated so as to avoid
breakage of the electrodepoéited copper foil and
simultaneously avoid excess polishing of the matte side
by the buffing, it is generally preferred that the buff
press force in terms of buff motor current value be set
so as to fall within the range of 10.1 to 30 A (the
buff motbr current value at the time of non-load is
about 10 A, so that the substantial press force of
buffing (substantial press force in terms of current)
in terms of buff motor current value is generally in
the range of about 0.1 to 20 A). S8till preferably, the
substantial press force in terms of current is in the
range of 13 to 18 A. When the substantial press force
in terms of current is less than 0.1 A, either may

polishing of the electrodeposited copper foil be

ineffective, or the time required for polishing may be
extremely prolonged. On the other hand, when the

substantial press force in terms of current exceeds 20
A, breakage of the electrodeposited copper foil occurs

frequently.
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When the electrodeposited copper foil is
mechanically polished by the above rotary buff, the
speed at which the copper foil to be polished is moved,
namely the line speed, is generally set'so as to fall
within the range of 3 to 15 m/min. This line speed may
influence the uniformity of mechanical polishing. When
the line speed goes outside the above range, it is
likely for the uniformity of mechanical polishing to be
deteriorated.

In the above mechanical polishing, for example, in
the use of a buff, the type of employed polishing
material ié not particularly limited. Use can be made

of, for example, a rotary buff of No. édo to 3000 or so,’

‘having aluminum oxide bonded thereto.

In the process of the present invention, although
one mechanical polishing is satisfactory, it is
preferred to carry out at léasﬁ two mechanical
polishings. The reason is as follows. Since, in the
mechanical polishing, the matte side of the
electrodeposited copper foil is polished by, for
example, a rotary buff brought into contact with the

matte side, a relative mechanical polishing

 directionality is generated by the direction of

rotation of the rotary buff and the direction of move

of the electrodeposited copper foil. Thus, one
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mechanical polishing may induce, for example,
protrudent part deformation along the direction of
polishing (diregtioﬁ“of buff rotation). The
directionality of mechanical polishing thus generated
on the matte side can be corrected to a certain extent
by, affer the first buffing, polishing by means of the
second buff, which rotates in the direction-reverse to
that of the first buff, brought into contact with the
matte side surface. Performing a plurality of

mechanical polishings in place of one mechanical

"polishing enables reducing the polishing amount per

mechanical bolishing. Thus, the pfess force of each
rotary buff can be.éet low, so that not only is the
possibility of breakage of polished electrodeposited
copper foil lowered but also the occurrence of
polishing directionality in each mechanical polishing-
operation is suppressed.

When the mechanical polishing operation is thus
disperséd, it is preferred that each_mechanical

polishing be performed under conditions set milder than

. those mentioned above. When rotary buffs are employed,

it is preferred that the direction of rotation of the
second buff be reverse to that of the first buff.
Further, when use is made of a multiplicity of rotary

buffs including further the third buff, the fourth buff
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and so on, it is preferred that the direction of
rotation of a rotary buff be reverse to that of the
preceding rotary buff. Tﬁe buff grain size is
breferably equal to or smaller than that of the
preceding rotary buff.

The above polishing of the matte side of the
electrodeposited copper foil with the use of a
plurality of rotary buffs suppresses the occurrence of
streaks. These steaks are attributed to excess
grinding of the copper foil. The polishing in the
manner such that no steaks are generated not 6nly
ehables preventing the lowering 6f the mechanical
stréngth of the wiring pattern formed with the use of
this electrodeposited copper foil with its surface
preéared but also suppresses conduction failure and
other failures therein.

The above mechanical polishing selectively
pol;shes relatively high apex portions of the
protrudent parts of the matte side. For example,
polishing is performed so as to attain a reduction of

Co = 5 um for which reference is made to Fig. 1 to Cy =

2.5 to 3.2 ym for which reference is made to Fig. 2.

That is, this mechanical polishing causes C; to attain

a reduction of 17 to 36% relative to the Cy prior to

surface preparing. When the level of the thus
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performed mechanical polishing is evaluated by the
average éurface roughness (Rz), the average surface
roughneés (Rz) attained as a result of the mechanical
polishing is in the range of 1.5 to 3.0 um, preferably
1.8 to 2.5 pum. For example, with respect £o the
electrodeposited copper foil of Fig. 1, the original

average surface roughness (Rzp) is 3.8 pum, and the

mechanical polishing reduces the same to ah average

surface roughness (Rzj) of 2.0 pum as shown in Fig. 2.

Thus, the mechanical polishing lowers the average

- surface roughness (Rz) by 17 to 47%.

In the present ipvention, as aforementioned, it is
preferred that the mechaniéal polishing of the matte
side be performed at least twice. When the mechanical
polishing is perfbrmed at least twiéé, the polishings
are effected so that the total mechanical polishing
amount is as mentioned above.

Fig. 8 is a SEM photo showing the matte side of
the 18 um thick electrodeposited copper foil having the
matte side as showp in Fig. 7, the matte side having
been buffed once. Fig. 9 is a SEM photo showing the
matte side, which matte §ide has thus undergone the
first buffing and thereafter the second buffing

performed with the use of the second rotary buff whose
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direction of rotation is reversed from that of the
first buffing.

In the present invention, the matte side of the
electrodeposited copper foil is thus mechanically
polished at least once, and the mechanically polished
matte side is chemically polished.

As a chemical polishing solution for the
mechanically polishéd matte side, there can be employed,
for example, a nitrié acid/sulfuric acid/hydrochloric
acid solution (bright dip solution), a solution
obtained by adding chromic acid to the Sright dip.
solution, a nitric acid type solution, a phosphoric
acid type solution, a chromic acid type solution, a
sulfuric acid type solution, a hydrogen éeroxide type
solution, a sulfuric acid/hydrogen peroxide type
solution, a copper chloride type solution, an iron
chloride type solution, an ammonium persulfate type
solution and an ammonia/alkali type solution.

Specific examples of the polishing solutions which
can be employed in the present invention are indicated
below. The respective ingredient ratios of the
following polishing solutions are those typical with
respect to the concerned polishing solutions.

(1)

nitric acid 200 parts by volume
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(3)

(4)

(5)

27

sulfuric acid 400 parts by volume
hydrochloric acid 2 parts by volume
water ™ 300 parts by volume.

nitric acid 320 parts by volume
sulfuric acid 640 parts by volume

hydrochloric acid 10 parts by volume

water 640 parts by volume.
nitric acid 20 to 80 parts by volume
sulfuric acid .20 to 80 parts by volume

hydrochloric acid 0.1 to 10 parts by volume

chromic acid 5 to 200 parts by volume
water _ appropriate amount.
phosphoric acid | 30 to 80 parts by volume
nitric acid 5 to 20 parts by volume

glacial acetic acid 10 to 50 parts by volume

water appropriate amount.
phosphoric acid 500 parts by volume
nitric acid 200 parts by volume

glacial acetic acid 50 parts by volume
hydrochloric acid 5 parts by volume

water. 300 parts by volume.
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(6)

(7)

(8)

(9)

(10)

phosphoric acid
nitric ae¢id 7
hydrochloric acid

water

ammonium nitrate

phosphoric acid
nitric acid
sulfuric acid

water

chromic acid
sulfuric-acid

hydrochloric acid

glacial acetic acid

water

sodium bichromate
sulfuric acid

benzotriazole

water g.s.

hydrogen peroxide

sulfuric acid

28

40 parts by volume
15 parts by volume

1.5 parts by wvolume
48 parts by volume

90 parts by weight.

45 to 60 parts by volume
8 to 15 parts by volume
15 to 25 parts by volume

10 to 20 parts by volume.

450 parts by weight
125 parts by volume
5 parts by volume

15 parts by volume

200 parts by volume.

70 to 120 parts by weight

100 to 200 parts by volume

2 to 40 parts by weight

ad 1000 parts by volume.

100 mol/1lit.

2 mol/lit.
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(12)

(13)

(14)

(15)

29

saturated alcohol small amount.
hydrogen peroxide 100 mol/lit.
hydrofluoric acid 2 mol/lit.
saturated alcohol small amount.
hydrogen peroxide 100 mol/1lit.
nitric acid 2 mol/lit.
saturated alcohol small amount.

" nitric acid 40 parts by volume
cuprous chloride 3 parts by weight

glacial acetic acid 60 parts by volume
potassium bichromate 5 parts by weight

water appropriate amount.

(NH4) 35202, etc.

in terms of NHg3 8.2 to 9.5 N
Cu 150 to 180 g/lit.
pure water remainder.

Furthermore, examples of the commercially

available polishing solutions are as follows:

(polishing solution produced by MEC Inc.)
DI (de ionized) pure water 60.7 w/w$

sulfuric acid (62.5%) 22.2 w/w%
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hydrogen peroxide (35%) 16.1 w/w%

Mec Power Etching HE 700 (trade name) 1 w/w%.
(16) (polishing solition produced by Meltex Inc.)

Melpolish CU-67 (trade name) 100 g/lit.

Melpolish CU-78B (trade name) 50 ml/1lit.

sulfuric acid (98%) 75 ml/1it.

DI pure water _ remainder.

(17) (polishing solution produced by Shipley Inc.)
Chempolish 151 L-2 (tfade name) solution as sold.
These chemical polishing solutions enable

polishing away a desired amount of copper from the

matfe side by appropriately setting conditions for
bringing them into contact with the matte side of the
electrodeposited copper foil, for example, contact time
and agitation conditions.

For example, the surface of the matte side can be
converted into a desired polished fofm by immersing the
mechanically polished matte side in the chemical
polishing solution (bright dip solution) of item (1)
above at ordinary temperaturée for 10 to 30 sec. Also,
the surface of the matte side can be converted into a
desired polished form by immersing the mechanically
polished matte side in the chemical polishing solution
of item (3) above at 50 to 80°C for 2 to 6 min.

Generally, in the polishing solution containing nitric
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acid/sulfuric acid/hydrochloric acid such as the bright
dip solution, the reaction is #ehement, so that a given
level of chemical pdlishing can be accomplished by an

immersion conducted at room temperature or temperatures

close thereto for a relatively short period of time.

By contrast, when a phosphoric acid based solution is
employed, it is needed to contact the meéchanically
polished matte side with the polishiﬂg solution warmed

(or heated) at ordinary temperature or higher for a

relatively prolonged period of time, for example, 1 to

a few minutes.

For example, referring to Fig. 3, the surface of
the mechanically polished matte side can be polished
nearly uniformly by contacting the mechanically
polished matte side with any of the above chemical
polishing solutions in the above manner. Further, for
example, shélf—shape portions formed during the
mechanical polishing, because éf a large contact aresa,
are substantially completely removed. 'Still further,
these chemical pqlishing solutions are uniformly
brought into contact with the whole surface of the
matte side, and penetrate to portions which, for
example, the rotary buff failed to contact during the
mechanical polishing. Consequently, all the

mechanically polished matte side surface is chemically
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polished in accordance with the area of contact with
the chemical polishing solution.

Therefore, the surface having been polished by the
chemical polishing operation shows a continuation of
gently-sloping curve as a whole, as shown in Fig. 3.

For example, when the chemical polishing is followed by

treatment for roughening, uniform treaEing of all the

matte side surface can be accomplished.

In the chemical polishing operation of the present
invention, it is intended to bring the chemical
polishing solution into selective c&ntact with the
mechanically polished matte side, and it is not
intended to chemically polish the shiny side.
Therefore, generally, before contacting the
mechanically polished matte side with the chemical
polishing solution, the shiny side may be masked with
the use of, for examéle, an acidproof resin to thereby
protect the shiny side from the chemical polishing.
However, in the event that it is needed to chemically -
polish the shiny side, the maskinglis not effected so
that the matte side and the shiny side can be
simultaneoﬁsly chemically polished.

The above chemical polishing accomplishes
polishing of the whole matte side surface. For example,

polishing is performed so as to attain a reduction of



10

15

20

33

C1 = 3.2 ym for which reference is made to Fig. 2 to Co

= 2.6 ym for which reference is made to Fig. 3. That

is, the chemical pofishing causes C, for which

reference is made to Fig. 3 to attain a reduction of

20% relative to the Cp prior to surface polishing (Fig.
1) . Thus, since the mechanical polishing as the prior
operation causes C; to attain a reduction of 36%
relative to Cp, the chemical polishing as the operation
subsequent to mechanical polishing causes C, to attain

a reduction of 48% relative to Ci. In the evaluation

of the level of thus.performed chemical polishing by
the surface roughness changed by the cgemical polishing,
the average surface roughness (Rz) becomes 0.8 to 2.5
um, preferably 1.0 to 1.8 um. For example, with

respect to fhe electrodeposited copper foil of Fig. 1,

the original average surface roughness (Rzg) is 3.6 pm,

and the mechanical polishing reduces the same to an
average surface roughness (Rzjq) of 2.0 pm as shown in
Fig. 2. Thus, the mechanical polishing lowers the
average surface roughness (Rz) by 47%. The chemical
polishing reduces the same to an average surface

roughness (Rzy) of 1.5 pum as shown in Fig. 3. Thus,

the chemical polishing causes the average surface

roughness (Rz3) to attain a reduction of 60% relative
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to the average surface roughness (Rzj;) of matte side

accomplished by the mechanical polishing.

Moreover, shelf:shape portions formed during the
mechanical polishing are selectively chemically
polished by performing the chemical polishing after the
mechanical polishing. Therefore, the whole matte side
surface takes the form of a continuation of gently-
sloping curved shape. Consequently, in the treatment
for roughening generally conducted after the chemical
polishing, uniform treating of all the matte side
surface can be aﬁhieved.

Fig. 10 is a SEM photo showing the matte side éf
the 18 pm thick electrodeposited copper foil having
undergone the two-stage buffing and thereafter the
above chemical polishing.

Assuming tha£ the average thickness of the
electrodeposited copper foil before mechanical
polishing is 100%, the average thickness (gauge
thickness) of the 18 um thick electrodeposited copper
foil whose.matte side has thus been p;epared by the
mechanical polishing followed by the chemical polishing
is in the range of 90 to 97%, preferably 94 to 96%,
based on the average thickness 100%. These values
suggest that the matte side of the‘electrodeposited

copper foil becomes a continuation of gently sloping
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curved shape and that, taking into account tﬁe average
surface (Rzj;) of the matte side before polishing, there
is no conspicuous change in the thickness of
electrodeposited copper foil overall. That is, most
apex portions of the protrudent parts of the matte side
are ground by the mechanical polishing followed by the
chemical polishing according to the present invéntion,
and streaks attributed to the meéhanical pelishing,
such as pointed streaks often observed on the
mechénically polished surface, are eliminated by the
chemical polishing. Therefore, in the process of the
present invention, any conspicubus decrease of strength
of electrodeposited copper foil attributed to polishing
would not result from the mechanical polishing followed
by the chemical polishing even when use is made of an
extremely thin electrodeﬁosited copper foil (for
example, average thicknéss: 12 to 18 pm).

In the pfesent invehtion, after the above
preparing of the matte side of electrodeposited copper
foil by the mechanical polishing followed by the
chemical polishing, it is prefgrred that the prepared
matte side be treated for roughening as shown in Fig. 5.

This treatment sticks fine particles of copper to
the thus prepared matte side. In this treatment, fine

particles of copper are formed on the prepared matte
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side by the use of plating techniques conducted under
different conditions in combination.

For maintaining“etching properties while enhancing
the adherence of the copper foil to an insulating
substrate, it is preferred that the mechanically
polished surface of the copper foil be treated so that
the average surface roughness (Rz) fa;ls within the
range of 1.5 to 4.0 um, especially 1.5 to 3.5 pum, and
still especially 1.5 to 2.5 um. The matte side can be
uniformly polished by the mechanical polishing
operation followed by the chemical polishing operatioﬁ,

and the resultant uniform polished surface accbmplishes

.uniform electrodeposition of fine copper particles at a

high density.

This treatment.comprises a sequence of burn
plating, seal plating and whisker plating. This
sequence of plating operations are carried out under,
for example, the following conditions.

(1) .Burn plating

An insoluble electrode is arranged opposite to the
matte side of an electrodeposited copper foil which has
been preparéd by the mechanical polishing followed by
the chemical polishing, and a plating is carried out
under the foliowing conditions:

copper concentration: 3 to 30 g/lit.,
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sulfate concentration: 50 to 500 g/lit.,

solution temperature: 20 to 30°C,

current density® 20 to 40 A/dm?, and

time: 5 to 15 sec.

A layer of particulate copper electrodeposits
known as "burn plating"” is formed on the prepared matte
side of the electrodeposited copper foil by the |
electroplating conducted under these conditions.

(2) Seal plating

Subsequently, the surface having undergone the
aboﬁe burn plating is subjected to a seallplating
conducted under the following conditions:

copper concentration: 40 to 80 g/lit.,

sulfate cpncent;atioﬂf 50 to 150 g/lit.,

solution temperature: 45 to 55°C,

current density: 20 to 40 A/dm?, and

time: 5 to 15 sec.

The above layer of particulate copper
electrodeposits is coated with a thin film of copper
known as "seal plating" by the plating conducted under
these conditions.

(3) Whisker plating

Thereafter, the surface having undergone the above
seal plating is subjected to a whisker plating

conducted under the following conditions:
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copper concentration: 5 to 30 g/lit.,

sulfafe concentration: 30 to 60 g/lit.,

solution temperdture: 20 to 30°C,

current density: 10 to 40 A/dmz, and

time: .5 to 15 sec. |

Whiskery copper deposits known as "whisker
plating" are formed on the copper covering film having
been formed by the aboﬁe seal plating by the plating.
conducted under these conditions.

Fig. 11 is a éEM photo showing the matte side.bf
18 pm thick electrodeposited copper foil having
undergone the above treatment.

‘The above describes only an example of roughening
treatment, and desired nodulation can be adopted under
other customarily employed roughening treatmenf
conditions. |

After the above treatment for roughening, the
prepared matte side is preferably passivated. This_
passivation is a plating of a metal which is
electrochemically baser than copper, such as zinc or
chromium, to the above treated surface. For example, a
thin plating layer of a metal having corrosion
preventive properties for copper is formed on the

treated surface.
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In particular, for example, the passivation based
on zinc and/or chromate can be accomplished by a
sequence of operatiofis conéisting of treating an
electrodeposited copper foil with its matte side
surface prepared by the above mechanical polishing
followed by the chemical polishing, passing the treated
electrodeposited copper foil through a zinc plating
bath and performing chromate treatment.

Employaﬁle zinc treatment conditions are, for
éxample, as followé._

In the zinc treatment, the treated matte side is
electro—ﬁlated with zinc at a current density of 5
A/dm2 for 8 sec. through, for example, a 25°C plating
solution having a zinc concentration-of 5 g/lit. and a
sulfate concentration of 50 g/lit.

.,Af;er the formation of a zinc plating layer, the
surface of the zinc plating layer is subjected to a
chromate treatment.

This chromate treatment is performed by, for
example, electolyzing atla current density of 1 A/dm2
for 5 sec. through a pH 4 electrolytic solution having
a chromic anhydride concentration of 2 g/lit. Further,
the surface having undergone the above chromate
treatment is preferably coated with, for example, a

silane compound such as y-
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glycidoxypropyltrimethoxysilane as a silane coupling
agent to thereby form a silane coupling agent layer.

When, for example, the above 18 pm thick

" electrodeposited copper foil is subjected to the above

mechahical polishing, chemical polishing, treatment for
roughening, passivation and chromate treatment, the
resultant electrodeposited copper foil generally has an
average thickness (gauge thickness) of 16 to 20 um,
preferably 17 to 19 pm.

The electrodeposited copper foil of the present

invention (preferably, the electrodeposited copper foil

with its surface prepared and treated for roughening)

having undergone the passivation and chromate treatment
after the treatment for roughening generally has an
average thickqess of 5 to 35 pum, preferably 12 to 25 um.
Assuming that thé average thickness .of the |
electrodeposited copper foil before surface preparing
is 190%, the average thickness of the thus prepared
electrpdeébsited copper foil with its surface prepared
(preferably, the electrodeposited copper foil with its
surface prepared and treated for roughening) is
generally in the range of 90 to 97%, preferably 94 to
96%. This means that there is no conspicuous polishing
loss of copper. Moreover, the average surface

roughness (Rz) of the matte side of the above obtained
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18 pym thick electrodeposited copper foil with its
surface prepared and treated (electrodeposited copper
foil with its surfaé% prepared, obtained by performing
the treatment for rbughening after the polishings) is
generally in the range of 1.0 to 3.0 pum, preferably 2.0
to 2.5 pm. For egample, at the bonding to an
insulating filﬁ through an adhesive layer, a very |
uniform and high bond strength can be attained
therebetween.

The mechanical polishing followed by the chemical
polishing not only selectively polishes protrudent
parts of the matte sidé but also realizes the form of a
continuation of geﬁtly sloping curved shape on the
overall matte side surface. Extremely uniform~
roughening treatment (nodulation) can be obtained on
this polished surface.

In the process of the present invention, the matte
side of the eiectrodeposited copper foil is selectively
mechanically polished and subsequently chemically
polished. During the chemical polishing, it is common
practice to mask the. shiny side (average surface
roughness generally ranges from about 1.2 to 2.5 pm) to
prevent the surface roughness is varied by the

polishing.
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A printed wiring board can be produced by
laminating a substrate with the thus produced
electrodeposited coﬁber foil with its surface prepared,
preferably electrodeposited copper foil with its
surface prepared and treated for roughening,
subsequently applying a photoresist layer to thereby
effect masking and thereafter leaching excess copper to
thereby form a wiring pattern on the substrate.

That is, in the printed wiring board of the
present invention, a wiring pattern formed from the
electrodeposited copper foil with its surface prepared,
preferably the eiectrodeposited copper foil with ite
surface prepared and treated for roughening, is
disposed on the sufface of an insulating substrate.
This electrodeposited copper foil with its surface
prepared is the described one having a shiny side and a
prepared matte side whose average surface roughness
(Rz) is iﬁ fhe range of 0.8 to 2.5 um, the above
prepared matte side obtained through the steps of
subjecting a matte side of electrodeposited copper foil
whose average surface roughness (Rz) is in the range of
2.5 to 10 um to at least one mechanical polishing so
that the average surface roughness (Rz) of the matte
side becomes in the range of 1.5 to 3.0 pum, and

subjecting the matte side having undergone the
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mechanical polishing to a selective chemical polishing

so that the average surface roughness (Rz) of the matte

side becomes in the Tange of 0.8 to 2.5 pm.

Referring to Fig. 6, the printed wiring board of

the present invention comprises insulating substrate 10

and, superimposed on at least one side thereof, wiring
paftern 14. This wiring pattern can be formed by first
laminating the insuiating_substrate with the
electrodeposited copper foil with its surface prepared,
preferably electrodeposited copper foil with its

surface prepared and treated, through an adhesive or

without the use of any adhesive, and thereafter etching

the copper foil to perform desired pattern. The
laminating of the insulating substrate with the
electrodeposited copper foil with its surface prepared,

preferably electrodeposited copper foil with its

‘surface prepared and treated, is conducted in such a

manner that the prepared matte side faces the
insulating substrate.

The insulating substrate 10 can be laminated with
the electrodeposited copper foil with its surface

prepared (prefefably electrodeposited copper foil with

'its surface prepared and treated) by compressing them

to each other while heating with or without a

thermosetting adhesive 12 interposed therebetween.
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Various substrates such as a glass reinforced
synthetic resin substrate and a papér ;einforced
synthetic resin substrate can be employed as the
insulating substrate 10 for use in the presént
invention. It is preferred that the employed

insulating substrate have a chemical resistance

ensuring freedom from deterioration by chemical

solutions from the viewpoint that the insulating
éubstraﬁe is brought into contact with an acid, etc. at
the time éf etching. Further, it is preferred that the
insulating substrate have a heat resistance ensuring
freedom from deterioration by heating made at tﬁe time
of bonding of devices, etc. The insulating substrate
can be produced from various resins, examples of which
include a glass reinforced epoxy, a BT (Bismaleimide
Triazine), polyesters, polyamides, f;uoforesips {e.qg.,
Teflon (trade name)), liquid crystal polymers and
polyimides. ‘Especially in the pfesent invention, when
a flexible insulating-substrate is employed as the
insulating substrate, it is preferred to use a film
insulating substrate composed of a polyimide.

The polyimide substrate for constituting the
insulating substrate 10 can be.produced from, for
example, a totally aromatic polyimide synthesized from

pyromellitic acid dianhydride and an aromatic diamine
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or a totally arbmatic polyimide of biphenyl skeleton
synthesized from biphenyltetracarboxylic acid
dianhydride and an Sromatiq diamine. Especially in the
present invention, a-toﬁally aromatic polyimide of
biphenyl skeleton (e.g., Upilex (trade name) produced
by Ube Industrieé, Ltd.) is preferably used as the
polyimide film. When the insulating substrate in film

form is used in the present invention, the thickness of

" the insulating substréte 10 is generally in the range

of 25 to 125 pm, preferably 50 to 75 um.

The insuléting substrate 10, depending on the use
thereof, may be furnished with through-holes such as
device holes, sprocket holes and outer lead cut holes.
These through-holes are generally formed by die
punching.

The wiring pattern 14 can be formed by first
laminating the above insulatihg substrate 10 furnished
with needed holes with the electrodeposited copper foil
with its surface prepared (preferably electrodeposited
copper foil with its surface prepared and treated)
through an insulating adhesive 12 so that the prepared
matte side of the electrodeposited copper foil contacts

the adhesive layer 12, subsequently applying a resist,

" and thereafter etching the electrodeposited copper foil
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with its surface prepared (preferably electrodeposited
copper foil with its surface prepared and treated).

The lamination of the insulating subsﬁrate with
the electrodeposited copper foil with its surface
prepared (preferably electrodeposited copper foil with
its surface prepared and treated) can be performed with
the use of an adhesive or without any adhesive layer
intefposed therebetween. In the use of an adhesive,
the employed adhesive 12 must have properties such as
heat resistance, chemical resistance, bond strength and
flexibility. For example, epoxy adhesives and phenol
adhesives can be mentioned as the adhesive having these
properties. Thesexgdhesives may be those modified with
a urethane resin, a melamine resin, a polyvinylacetal
resin and the like, and the epoxy resiﬁ'per se may be

one modified with a rubber. These adhesives are

thermosetting. These adhesives are applied in the form

of a layer whose thickness is generally in the range of
3.7 to 23-ﬁm, preferably 10 to 21 pum. When use is made
of the adhesives, the adhesive layer may be applied to
the surface of the insulating substrate 10, or to the
matte side of the electrodeposited copper foil with its
surface prepared.

Photoresist is applied to the shiny side of the

electrodeposited copper foil with its surface prepared
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(preferably electrodeposited copper foil with its
surface prepared and treated) thus superimposed on the
insulating substrate® 10 by lamination. Wiring pattern
is printed, and development is conducted to thereby
remove excess photorésist, followed by etching. Thus,
the wiring pattern 14 is obtained.

After the formation of the wiring pattern on the
surface of the insulating substrate 10 in the above
manner, a protective resin such as a solder resist can
be applied to parts other than bonding or connecting
parts (lead parts) for devipe bonding. After the
application of the protective resin, the lead parts for
device bonding are subjected to nickel/gold plating,
tin.plating, solder plating or gold plating. Although.
in most cases the protective resin is first applied and
subsequently the parts hot'furnished with the
protective resin are plated as mentioned above, it is
feasible to first form_ a thin blating layer of the
above metal on the surface of wiring pattern formed
prior to the application of protective resin, next
apply a protective resin and thereafter plate lead
parts extending out of the protective resin} for
example, in order to prevent any whisker generation and
to avoid any abnormal corrosion of wiring pattern by

the plating solution. This plating method is useful
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especially when the tin plating which is likely to
invite whisker generation is employed.

After the abové“formation of the plating layer,
device mounting can be carried out by the use of any of
common methods, such as the wire bonding method, TAB
(Tape Automated Bonding) method, flip chip bonding
method. After the device mounting, generally, the
device carrying PWB (printed wiring board) is sealed
with the application of a éeal resin to the devices and
connected to PWB by soldering, BGA (Ball Grid Array)
method, Anisotropic Conductive Film method, etc.
altogether and put to practical use.

In the present invention, a multilayer laminate
can be provided by laminating the above PWBs and by
securing electrical connection in the direction.of the
laminate thickness.

That is, the multilayer printed wiring board of
the presént invention comprises a laminate of a
plurality of boardé of given thickness, each of the
boards having its surface furnished withla wiring
pattern, the above boards capable of being electrically
connected to each other in the direction of the
thickness of the laminate. The copper foil for forming
the wiring pattern in the multilayer printed wiring

board of the present invention is an electrodeposited
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copper foil with its surface prepared having a shiny
side and a prepared matte side whose average surface
roughness (Rz) is in“the range of 0.8 to 2.5 um, the
prepared matte side obtained through the steps of
subjecting a matte side of electrodeposited copper foil
whose average surface roughness (Rz) is in the range of
2.5 to 10 pm to at least one mechanical polishing so
that the average surface roughness .(Rz) of the matte
side becomes in the range of 1.5 to 3.0 um, and
subjecting the matte side having undergone the
mechanical polishing fo a chemical polishing so that
the average surface roughness (Rz) of the matte side
becomes in the range of 0.8 to 2.5 um. In the present
invention, it is especially preferred to employ an
electrodeposited copper foil with its surface prepared
and treated for roﬁghening.

The electrical connection in the direction of the
laminate thickness can be secured by various methods,
for example, the method comprising making via holes in
PWBs by, for example, a drill or laser and either
depositing a conductive metal on the wall of the via
holes or filling a conductive resin composition
Containing a conductive metal into the via holes, or

the method comprising forming conductive bumps on PWBs
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with the utilization of printing technique and mutually
connecting the conductive bumps.

The electrodepdsited copper foil with its surface
prepared according to the present invention is suitable
for use in PWBs, such as TAB tapes, flexible printed
wiring boards, multilayer printed wiring boards and
rigid flex. In view of'strikingly uniform preparing of
the matte side together with uniform treatment thereof
for roughening, the electrodeposited copper foil with
its surface prépared according to the present invention
is especially suitable foi use as an extremely thin
electrodeposited copper foil whose consumption is

expected to increase in accordance with the recent

trend toward fine pitch.

EFFECT OF THE INVENTION

The electrodeposited coppér:foil with its surface
prepared according to the present invention is obtained
by sequentially subjecting the matte side to the
mechanical polishing and the chemical polishing. The
mechanical polishing mainly polishes apex portions of
the‘protrudent parts of the matte side, and the
subsequent chemical polishing further uniformly
eliminates shelf-shape deformation on the mechanically

polished matte side. In the electrodeposited copper
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foil with its surface prepared according to the present
invention, obtained by sequentially subjecting the
ﬁatte side to the méthanical polishing and the chemical
polishing, mechanical polishing traces formed along the
mechanical polishing direction and strain layers,
generated by the mechanical polishing operation, are
eliminated by the chemical polishing to thereby enable
forming a strikingly uniform matte side surface.
Treating for roughening the thus prepared matte side of

the electrodeposited copper foil with its surface

'prepared enables uniformiy forming fine particles of

copper on the matte side (electrodeposited copper foil
with its surface prepared and treated). The PWB
obtained by laminating, for example, an.insulating
substrafe with the thus obtained electrodeposited
copper foil with its surface prepared according to the
present invention and fofming the copper foil into a
wiring pattern exhibits a high peel strength between
the wiring pattern and the insulating substrate and
further ensures an overall stable strength. Moreover,
in the process of the present invention, not only are
apex portions of the protrudent parts of the matte side-
mainly mechanically polished but also the polishing
irregularity, streaks, strain, etc., resulting from the

mechanical polishing, are eliminated by the chemical
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polishing. Thus, the copper loss by polishing is
strikingly slight, and the matte side surface
consisting of a continuous curved shape can be obtained.

This roughening treatment of the matte side
enables performing uniform nodulating treatment of the
prepared matte side. Thus, PWB capable of exhibiting
high performance in adhesive strength, bonding
reliability, etb. can be obtained.

In the process of the present invention, the matte
side of.the electrédeposited copper foil is
sequentially subjected to the mechanical_polishiné
performed under mild conditions and the chemical
polishing, so that the occurrence of streaks and the
like on the polished matte side can be suppressed. The
streaks are generally attributed to excess_polishing,
and the'electrodeposited copper foil of this part is
thinner there than at other parts. Thué, when the
electrodeposited copper foil having streaks is employed
in the use of an extremely thin copper foil in
accordance with the trend toward fine pitch, the
mechanical strength of wiring pattern there is reduced
with the result that the streak portions are likely to
become the cause of failure such as open circuit. The
electrodeposited copper foil with its surface prepared,

produced by the process of the present invention, is
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free from such streaks attributed to excess polishing,
so that, with respect to wiring boards such as PWB

produced with the use of the prepared electrodeposited

copper foil, the occurrence of defective items

attributed to such an open circuit or the like is
strikingly low.

Moreover, when the electrodeposited copper foil

with its surface prepared according to the present

invention is formed into a wiring pattern through
superimposing the same on an insulating substrate by

laminating or bonding after resist application and

etching, the difference between upper edge width and

lower edge width of the formed wiring (especially lead

parts) is minute. Thus, a wiring of approximately

rectangular cross section can be formed. In the use of

the conventional electrodeposited copper foil, the
lower edge tends to be larger and wavier than the upper
edge in the formed wiring, thereby causing the cross
section configuration to be trapezoidal. However, in
the use of the electrodeposited copper foil with its
surface prepared according to the present iﬁvention,

the above trend is eliminated, and a wiring of
approximately rectangular cross section can be obtained.
Furthermore, the lower edge portions of the wiring are

etched linearly, and there is substantially no copper



10

15

20

25

54

residue on the insulating substrate. These
characteristics, although important in, for example,
inner leads as well,"are especially important in output
side outer leads eléctrically connectéd to liquid
crystal elements, and the like. With respect to the

output side outer leads electrically connected to

liquid crystal elements, a plurality thereof are

connected to liquid crystal pixels, and not only is the
lead width thereof extremely small but also the pitch
is rendered small. Accordingly, the output side outer
leads are likely to suffer from insulation failure
between neighboring leads. For example, even if the
linearity of output side outer leads is slightly
deteriorafed, there is the danger of insulation failure
(short circuit). Further, if the lower edge is
slightly wider than the upper edge in the output side
outer leads, there is the danger of insulation failure
(short circuit) on the surface of the iﬁsulating
substrate. Still further, even if slight copper
residue exists on the insulating substrate, there is
the danger of insulation failure (short circuit). In
the output side outer lead parts of PWBs (especially
TAB tape) connected to liquid crystal elements, etching
of ﬁhe copper foil must bé achieved with precision

equal to or higher than that for inner leads for
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mounting electronic components. Especially, with

respect to the output side outer leads of the TAB tape

for liquid crystal élements, these must be formed on an

insulating substrate by etching the electrodeposited
copper foil disposed on the insulating substrate by
laminating, so that each of the leads is likely to have
a trapezoidal cross section as compared with inner
leads which extend out into device holes and under
which any insulatirig substrate is not present. Further,
due to the preéence of the insulating substrate, copper
residue is likely to occur. Therefore, it is believed
that the achievement of fine pitch is more difficult in
the output side outer leads than in the inner leads.
However, the above achievement of fine~pitch.in
the output side outer leads can be enabled by the use

of the electrodeposited copper foil with its surface

. prepared according to the present invention.

Specifically, by virtue of the use of the
electrodeposited copper foil with its surface prepared
according to-the present invention, not only do the
output side outer leads formed by etching have a
rectangular cross section (upper edge width being
substantially the same as the lower edge width) but
élso the linearity of formed leads is high. Further,

there is no copper residue on the surface of the
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insulating substrate. Although the particular reason
for the above excellent etching properties of the
electrodeposited copper foil with its surface prepared
according to the present invention has not yet been
elucidated, specific exertion of the above effecﬁs of
the present invention would be achieved by the
mechanical polishing followed by the chemical polishing.
In the electrodeposited copper foil with its
surface prepared according to the present invention, as
aforementioned, the matte side is highly uniformly
prepared, and uniform rouéhening can be accomplished by

treating the uniform matte side. By virtue of this

‘uniform roughening, not only desirable bonding to an

insulating substrate be attained but also device
mountiﬁg on PWB can be secured by plating the thus
uniformly treated surface.

" As apparent from the above, the electrodeposited
copper foil with its surface prepared, obtained by the
process of the present invention, ensures not only high
adherence to insulating substrates but also strikingly
high yield of device mounting on boards.

Furthermore, the use of the electrodeposited
copper foil with its surface prepared according to the
present invention enables obtaining PWB and multilayer

laminate PWB of stable properties.
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The PWB and multilayer laminate PWB produced with
the use of the electrodeposited copper foil whose matte
side has been preparéd according to the present
invention exhibit strikingly high bondability (bonding

reliability) for mounted devices.

EXAMPLE
The present invention will now be illustrated in
greater detail with reference to the following Example,

which in no way limits the scope of the invention.

EXAMPLE 1

An eléctrodeposited copper foil (VLP foil) of 18
pm gauge thickness having an average surface roughness
of shiny side of 1.2 ym and an average surface
foughness (Rz7) of matte side of 3.6 um was provided.
A SEM photo of the matte side of the VLP foil is shown
in Fig. 7.

While the VLP foil was being passed through guide
folls, the matte side of the VLP foil was buffed by
means of # 1000 buff comprising aluminum oxide as
abrasive grains (manufactured by Tsunoda Brush K.K.);
arranged so that the direction of buff rotation was
counter to the direction of advance of electfodeposited

copper foil, under conditions such that the first-stage
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buff rotating speed, press force in terms of buff motor
current value and line speed were 1200 rpm, 19 A and 8
m/min, respectiveiy‘Tthe first mechanical polishing).

A SEM photo of the matte side having undergone the
first mechanical polishing is shown in Fig. 8.

After the first mechanical polishing of the VLP
foil, the matte side having undergone the first
mechanical polishing was buffed by-means of # 1000 buff
while being rotated in the direction identical with the
direction of adﬁance of VLP foil. At this buffing, the
second-stage buff rotating speed, press force in terms
of buff motor current value and line speed were 1200
rpm, 1.6 A and 8'm/min, respectively (the second
mechanical polishing).

The rotation cﬁrrent value at the time of non-load
was 10 A when measured in the first buffing aﬁd 18 A
when measured in the second buffing.
| A SEM photo of the matte side of the VLP foil thus
having undergone the two mechanical polishings is shown
in Fig. 9. The average surface roughness (Rz) of the
thus mechanically polished matte side was 2.0 pum, which
indicated a méchanical polishing of 18% relative to the
average surface roughness (Rz) of the matte side of the
VLP foil prior to the mechanical polishings. As seen

from Fig. 8, streaks remained on the matte side,
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irrespective of the performing of the twice mechanical
polishings.

After the mechdanical polishings, the shiny side
was coated with an acidproof resin to thereby effect
masking thereof.

The VLP foil whose shiny side was masked was
immersed in the chemical polishing solution of the
following composition and chemically polished at 30°C
for 5 sec:. while the chemical polishing solution was |
being circulated.

Fundamental composition of chemical polishing

" solution
Ingredient Content
(1) CuCl, 80 parts by wéight
(2) 35% HC1 50 parts by weight
(3) 30% Hy0, 20 parts by weight

(4) water (q;s. ad 1000 parts by volume).

This chemical polishing solution was constantly in
contact with the matte side by means of a circulatory
chemical polishing apparatus. This circplatory
chemical polishing apparatus was equipped with a built-
in automatic analyzer of the composition of the
chemical polishing solution. The circulatory chemical
polishing apparatus was also equipped with an

ingredient supplying means for restoring the
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comppsition to the fundamental composition when the
composition of the chemical polishing solution had a
variation of 5 to 15% relative to the fundamental
composition.

After the above chemical polishing of the matte
side, the VLP foil with its surface prepared was well
washed with water. A SEM photo of the prepared matte
side after the chemical polishing is showﬁ in Fig. 10.

As a result of this chemical polishing, there was
obtained a prepafed matte side which was nearly
completely free of streaks observed on mechanically
polished matte sides, such as polishing directionality
and shelf-shape pointed portions reéulting from
mechanical polishing, and which as a whole assumed the
form of a continuation of curved shape. The average
surface_roughnéss (Rz) of the thus chemically polished

matte side was 1.5 um, which suggested that the

chemical polishing operation achieved a polishing of

25% relative to the average surface roughness (Rz) of
the matte side of the VLP foil having undergone the
mechanical polishing.

The average gauge thickness of the VLP foil with
its surface prepared, obtained by the mechanical
polishing followed by the chemical polishing, was about

16.8 pm, while that of the YLP foil prior to mechanical
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polishing employed in this Example was 17.1 um. These
suggested that there was no conspicuous copper loss
attributed to leachfﬁg of copper from the VLP foil.

The matte side of the VLP copper foil with its
matte side surface thus prepared was treated fof
roughening. This treatment effected nodulation of the
prepared matte side by the use, in éombination, of a
plurality of plating operations consisting of burn
plating, seal plating and whisker plating. In this
Example, the treatment was carried out by the use of
plating solutions of the following-compositions.

(i) Burn plating

An insoluble electrode was arranged opposite to
the buffed matte side of the electrodeposited copper
foil, having been prepared by the mechanical poiishing
followed by the chemical polishing, and electroplating
was carried out under the following conditions:

copper concentration: 3 to 30 g/lit.,

sulfate concentration: 50 to 500 g/lit.,

solutioh temperature: 20 to 30°C,

current density: 20 to 40 A/dm2, and

time: .5 to 15 sec.

A layer of particulate copper electrodeposits was

formed on the surface of the electrodeposited copper



5

10

15

20

62

foil with its surface prepared by the burn plating
conducted under these conditions. |

(2) Seal platifg

After the above burn plating, a covering plating
was performed under the following conditions:

copper concentration: 40 to 80 g/lit.,

sulfate concentration: 50 to 150 g/lit;,

solution temperature: 45 to 50°C,

curreht density: 20 to 40 A/dm2, and

time: 5 to 15 sec.

A tﬁih film of coppef known as "seal plating" was
formed by this seal plating so as to cover the copper
electrodeposits having been formed by the burn plating.

(3) Whisker plating

Thereafter, the surface having undergone the above

covering plating was subjected to a whisker plating

conducted under the following conditions:
copper concentratioﬁ: 5 to 30 g/lit.,
sulfate concentration: 30 to 60 g/lit.,
solution temperature: 20 to 30°C,
current density: 10 to 40 A/dmz, and
time: 5 to 15 sec.
Whiskery copper deposits known as "whisker

plating” were formed on the copper coating film having
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been formed by the above seal plating by the
electroplating conducted under these conditions.

The matte side “df the VLP foil having thus been
polished and treated for roughening was observed
through a SEM photo. A'SEM photo of the matte side is
shown in Fig. 11.

The average surface'roughness (Rz) of the thus
treatea matte side was 2.5 um. The average thickness
(gauge thickness) of the electrodeposited copper foil
with its surface prepared and treated in the above
manner was 17.5 pum. Thus, this treatment attained a
recovery to about 98% based on the average thickness of
the electrodeposited copper foil. As apparent from a
comparison of Fig. 7 showing.the direct treatment of
the matte side of the VLP foil used as a raw material
to Fig. .11l showing the treatment conducted after the
breparing in the above manner, strikingly uniform
treétment bf the matte §ide can be accomplished with
respect to the electrodeposited copper foil with its
surface prepared, obtained by the process of the
present invention, for example, by the above performing
of mechanical polishing, chemical polishing and
treatment for roughening in sequence.

The treated side of the thus obtained

electrodeposited copper foil with its surface prepared
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and treated for roughening was furnished with a
corrosion preventive layer. This corrosion preventive
layer was formed wifh the use of zinc. This zinc
passivation was performed at a current density of 5
A/dm? for 8 sec in a 25°C plating solution having a
zinc concentration of 5 g/lit. and a sulfate
concentration of 50 g/lit. The formed zinc layer was
extremely-thin, and the thickness thereof was generaily
100 A or less.

After the above formation of the zinc layer, an
electrélytic chromating thereof was performed at a
current density of 1 A/dm? fér 5 sec in a pH 4
electrolytic solution'having a chromic anhydride
(chromium trioxide) concentration of 2 g/lit. After
the chromate treatment, the surface of a chromate layer
was coated with y—glycidoxypropyltrimethoxysi1ane.

The thus obtained VLP foil with its surface
prépareq and t;eated (after the plating of the
passivation layer; chromate layer and silane coupling
agent layer). was arranged so that the prepared matte
side faced one side of a 125 pm thick polyimide
substrate (with a thermosetting adhesive) furnished
with sprocket holes and device holes, and bonded by hot
press to each other. Subsequently, a photdtesist was

applied to the surface of the electrodeposited copper



10

15

20

65

foil with its surface prepared and treated, and exposed

to radiation in desired wiring pattern. Excess

‘photoresist was remgﬁed, and non-masked copper foil was

removed by etching. Thus, a wiring pattern was formed.

The photoresist was removed, and the wiring
pattern at parts other than lead ends for bonding was
coated with a solder resist. Further, a tin plating
layer was formed, thereby obtaining PWB. |

The thus obtained PWB exhibited a strikingly low
failure ratio with respect to the open circuit of the
wiring patfern. Further, the wiring pattern and the
polyimide substrate were bonded to each other with high

stability. Still further, the tensile strength of the

-lead was high. A section of formed lead was observed,

and was found to be rectangular. No copper residue was
detected on the substrate.

Two PWBs produced in the above manner were bonded
to each other with the use of an insulaéing resin.
Subsequently, using laser,'through holes were formed so
that they passed fhrough both the upper layer wiring
pattern and the lower layer wiring pattern. Conductive
metal was deposited on the wall of the formed through
holes by the electroless plating technique to thereby

enable electrical connection between the upper layer
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and the lower laYer. The resultant multilayer laminate
PWB was sealed with a resin.

The thus obtaineéd multilayef laminate PWB
exhibited a low failure ratio and pbssessed-strikingly

stable properties.
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WHAT IS CLAIMED IS:

1. A process for producing an electrodeposited
copper foil with it€ surface prepared, comprising the
steps df:

subjecting an electrodeposited copper foil having
a shiny side and a matte side whose average surface
roughness (Rz) is in éhe range of 2.5 to 10 um to at
least one mechanical polishing so that the average
surface roughness (Rz) of the matte side becomes in thé
range of 1.5 to 3.0 um, and

subjecting the matte side having undérgone the
mechanical polishing to a selective chemical polishing
so that the average surface roughness (Rz) of the matte

side becomes in the range of 0.8 to 2.5 pm.

2. A process of Claim 1, wherein the matte side
having undergoné the chemical poiishing has its surface
that sharp edges of the surface have been substantially

eliminated.

3. A process of Claim 1, wherein the mechanical

polishing is performed at least twice.
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4. A process of Claim 1 or 3, wherein the matte
side having undergone the chemical polishing is treated

for roughening.

5. A process of Claim 4, wherein the matte side
having been treated for roughening has an average

surface roughness (Rz) in the range of 1.5 to 4.0 pm.

6. A process of Claim 1 or 3, wherein the
electrodepqsited copper foil before the mechanical
polishing has an average gauge thickness of 5 to 35 pm,
the electfodepositedlcopger foil after the mechanical
polishing has an average gauge thickness of 4.5 to 34.5
pm, and the elecfrodéposited copper foil having
undergone the chemical polishing to thereby have its

surface prepared has an average gauge thickness of 4 to

34 pm.

7. A process of any of Claims 1 to 4, wherein the
matte side having undergone the chemical poliﬁhing is
treated to theréby form a roughened layer, and a
corrosion preventive layer is formed on the roughened

layer.
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8. A process of Claim 7, wherein a silane
coupling agent layer is formed on the corrosion

preventive layer.

9. An electrodeposited copper foil with its
surface prepared, having a shiny side and a prepared
matte side whose average surface roughness (Rz) is ih
the range of 0.8 t6 2.5 pm, said prepared matte side
obtained through the steps of subjecting a matte side
of electrodeposited copper foil whoSé average surface
roughness (Rz) is in the range of 2.5 to 10 pm to at
least one mechanical polishing so that the average
surface roughpess (Rz) of the matte side beéomés in the
range of 1.5 to 3.0 pm, and subjecting the matte side
having undergone the mechanical polishing to a
selective chemical polishing so that the average
surface roughness (Rz) of the matte side becomes in the

range of 0.8 to 2.5 um.

10. An electrodeposited copper foil with its
surface prepared of Claim 9, wherein the matte side
having undergone the chemical polishing has its surface
that sharp edges of the surface have been substantially

eliminated.
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11. An electrodeposited copper foil with its
surface prepared of Claim 9, wherein the matte side
having undergone thé" chemical polishing has its surface

furnished with a roughened layer.

12. An electrodeposited copﬁer foil with its'
surface prepared of Claim 11, wherein the matte side
having its surface furnished with a roughened layer has
an average surfaée roughness (Rz) in the range of 1.5

to 4.0 pm.

13. An electrodeposited copper foil with its

surface prepared of Claim 9, wherein the

electrodeposited copper foil before the mechanical

polishing has an average gauge thickness of 5 to 35 um,
the electrodeposited copper foil after the mechanical
polishing has an average gauge thickness of 4:5 to 34.5
pm, and the electrodeposited copper foil having
undergone the chemical poliéhing to thereby have its

surface prepared has an average gauge thickness of 4 to

34 pm..

14. An electrodeposited copper foil with its
surface prepared of Claim 9 or 11, wherein the matte

side having undergone the chemical polishing has its



10

15

20

25

T

surface furnished with a roughened layer, and a
corrosion preventive layer is disposed on a surface of

Dy

the roughened layerz

15. An electrodeposited copper foil with its
surface prepared of Claim 14, wherein a silane coupling
agent layer is disposed on the corrosion preventive

layer.

16. A copper;clad laminate comprising a substrafe
and the electrodeposited copper foil with its surface
preparéd of Claims 9 to 15, wherein the
electrodeposited copper foil with its surface prepared

is laminated on the substrate.

17. A printed wiring board comprising an
insulating substrate having its surface furnished with
a wiring pattern formed from an electrodeposited copper
foil with its surface prepared, said electrodeposited
copper foil with its surface prepared having a shiny
side and a prepéred matte side whose average surface
roughness (Rz) is in the range of 0.3 to 2.5 pm, said
prepared matte side obtained through the steps of
subjecting a matte side of electrodeposited copper foil

whose average surface roughness (Rz) is in the range of
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2.5 to 10 pm to at least one mechanical polishing so
that the average surface roughness (Rz) of the matte
side becomes in the?}ange of 1.5 to 3.0 um, and
subjecting the matte side having undergone the
mechanical polishing to a chemical polishing so that
the average surface roughness (Rz) of the matte side

pecomes in the range of 0.8 to 2.5 pm.

18. A printed wiring board of Claim 17, wherein

the matte side of the electrodeposited copper foil

having undergone the chemical polishing has its surface
that sharp edges of the surface have been substantially

eliminated.

19. A printed wiring board of Claim 17, wherein
the matte side of the electrodeposited copper foil
having undergone the chemical polishing is treated for

roughening.

20. A multilayer printed wiring board comprising
a laminate of a plurality of boards of given thickness,
said boards capable of being electrically connected to
each other in the direction of the thickness of the
laminate, each of said boards having its surface

furnished with a wiring pattern formed from an
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electrodeposited copper foil with its surface prepared,
said electrodeposited copper foil with its surfacé

prepared having a sHTny side and a prepared matte side
whose average surface roughness (Rz) is in the range of

0.8 to 2.5 pm, said prepared matte side obtained

through the steps of subjecting a matte side of

electrodeposited copper foil whose average surface
roughness (Rz) is in the range of 2.5 to 10 um to at

least one mechanical polishing so that the average

surface roughness (Rz) of the matte side becomes in the

range of 1.5 to 3.0 um, and subjecting the matte side
having undergone the mechanical polishing to a chemical
polishing so that the average surface roughness (Rz) of

the matte side becomes in the range of 0.8 to 2.5 pm.

21. A multi-layer printed wiring board of Claim

.20, wherein the matte side of the electrodeposited

copper foil having undergone the chemical polishing has

its surface that sharp edges of the surface have been

substantially eliminated.

22. A multilayer printed wiring board of Claim 20,
wherein the matte side of the electrodeposited copper
foil having undergone the chemical polishing is treated

for roughening.



