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TITLE OF THE INVENTION

COPPERjCLAD LAMINATE AND PRINTED WIRING BOARQ//

BACKGROUND OF THE INVENTION

[Field of the Invention]

The present invention relates to a copper-clad
laminate and a printed wiring board. More
particularly, the present invention is concerned with a |
printed wiring bogrd having a fine-pitch wiring
(circuit)'pattern and exhibiting a high etching factor,
and further concerned with a copper-clad laminate which
can be suitably employed in the producfion of such a
printed wiring board. |
[Prior Art]

The copper—clad laminate for usé in the
production of a printed wiring board is mainly obtained
by bonding a copper foil as é conductive layer to omne
side or each of both sides of a substrate made from a
glass-reinforced epoxy resin material 6r the like.

This copper foil forms a wiring pattern by etching,
etc. The copper foil and the substrate are bonded
together under pressure while heating with or without
an adhesive interposed therebetween.

As such a copper foil, an electrolytically

produced copper foil is generally employed. The

'electrolytic copper foil is obtained by separating a

copper f011 dep051ted on a drum. One side (glossy
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particdularly, the present invention is concerned with a printed wring
board having a fine-pitch wiring (circuit) pattern and exhibiting a high
etching factor, and further concerned with a copper-clad | am nate which
can be suitably enployed:-in the production of such a printed w ring board.
[Prior Art] The copper-clad |lam nate for use in the production of
a printed wwring board is mainly obtained by bonding a copper.-foil as a
conductive layer to one. side or each of both sides of a substrate nade
froma gl ass-resufdacedl epoxycr esppemafeniawh@eht hesl bken detached

from the drum and on which electrodeposition has
started is relatively smooth, while the other side
(rough surface) of the copper foil on which
5 electrodeposition has ended is generally rough. _In the
sectional_texture of the electrolytic copper foil, the
texture on the glossy surface side, i.e., the texfure
in the initial stage of electrodeposition exhibits
random orientation of small crystal particles, and with
10 the progress of.eleqtrodeposition the crystal texture
comes to have greatef orientation in the direction of
the electrodeposition, with the crystal particle size
becoming gréater. In the conventional copper-clad
laminates,.fhe'copper foil is bonded on its rough
15 surface side to the substrate for the reasons of
greater bonding strength and easier handling. In order
to improve the strength of peeling from the substrate,
copper particles of 0.2 to 3.5 um are applied to the
rough surface of the copper foil.
20 Formation of a wiring pattern by etching the
above-mentioned copper-clad laminate has inevitably
"been accompanied by the problem that the etching factor
becomes small dﬁe to the oftfects of crystal orientation
== and érystal-grain boundary
25 The etching factor belﬁg small means that sharp

edges and desirable etching orlentation cannot be
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This ecopper foil fornms a wiring pattern by etching, etc. The copper foi
and the substrate are bonded together under pressure while heating with or

without an adhesive interposed therebetween. As such a copper
foil, an electrolytically produced copper foil is generally enployed. The
electrolytic copper foil is obtained by separatlng a copper foil deposited
on a drum One side (gl ossy 3 .

obtained. An explanatory view of the etching factor is
shown in Fig. 1.
When'the'etching factor is small, the top is
narrow ané the bottom is broad. Thus, the spacing
5 (gap)'between_conductor patterns is reduced, thereby
causing a prqb;em that migration is likely to occur.
Thus, formatioﬁ of fine patterns is difficult.
Decreasing the thickness of the copper foil may
be mentioned as a measure for obtaining a fine pattern.
10 In this cease, the'éectional area of the conductor
becomes so.small that the quantity of available
electric current is small._ Accordingly, for allowing
ample current passage, it is necessary to increase the
sectional area of the conductor by performing copper
15 plating on fhe Wiring pattern obtained by the etching.
Also, when the copper layer is rendered thin, lead
bending occurs in a film carrier having an inner lead,
e.g., TABf
Moreover, in the etching of the above-mentioned
20 conventional copper-clad laminate for fine pattern
formation, eiectrodeposited copper particles remain
adherent to the substrate of the printed wiring board
at the root of the etching pattern, and the remaining
electrodeposited copper particles cause the
25 interéohduétor_insuléting resistance to decrease, in

extreme cases causing short-circuiting.
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-'2-  ‘'surface) of the copper foil which has been detached fromthe drum
and on which el ectrodeposition has started is relatively snmooth, while the
other side (rough surface) of the copper foil on which electrodeposition
has ended is generally rough. 1In the sectional texture of the
“electrolytic copper foil, the texture on-the-glossy surface side, i.e.,
the texture in the initial stage of el ectrodeposition exhibits random
orientation of small crystal particles, and with the progress of

el ectrodeposition the crgstiaddud eddptrets have been published describing

the formation of copper electrodeposits on the copper
foil. For exémple, the electrodeposition of a layer of
copper particles onto each of both sides of a copper

5 foil has been reported. However, this copper foll is
one for insertion as an inngr layer into a multilayer
printed wiring board, and the purpose of the
electrodeposition is to provide a substitute for the
treatment of blacking aiming at ensuring the adhesion

10 of the inner copper foil to thé substrate at the
secondary bonding. A pattern printing is applied to
the glossy surface, and the etching is performed from
the glossy surface side. in another example, Japanese
Patent Application Laid-Open Gazette No. 29740/1993

15 describes an electrolytic copper folil having both sides
thereof provided with éioss plating, with one of the
sides of the copper foil having been subjected to
surface treatment, such as roughening. In this

example, also, the etching is perfcormed from the glossy

20 surface side.

SUMMARY OF THE INVENTION

The present invention has been made to overcome
+ the above problems of the prior art. It is an object
25 of the present invention to provide a printed wiring

board which exhibits a high etching factor without

suffering from a lowering in peellng strength, and
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cones 'to have greater orientation in the direction of the
el.ectrodeposition, with the crystal particle size becomng greater. In
t he conventional copper-clad |am nates, the copper foil is bonded on its
rough surface side.to the substrate for the reasons of (greater bonding
strength and easier handling. In order to inprove the strength of peeling
fromthe substrate, copper particles of 6.3 to 3.5 [err]m are applied to
the rough surface of the copper foil. Formation of a wiring
pattern by etching the above-nentioned copper-clad |am nate has inevitably
which is free from the adhe51on and remaining of copper
particles at the root of the w1r1ng pattern and has a
wiring pattern of desirable fine pitch, and to provide
a copper-clad laminate for use in the printed wiring
5 board.

The above object of the present invention can be
attained by forming a copper electrodeposit on a glossy
surrace side of an electrolytic.copper foil and then
bonding the copper foil on the glossy surface side to a

10 substrate.

Thus, according to the present invention, there
is provided a copper-clad laminate characterized in
that an electrolytic copper foil on the glossy surface
side of which a copper electrodeposit is formed, is

15 bonded at its glossy surface side to one side or each
of both sides of a substrate. Further, there is
provided a printed wiring board produced by using
therein the copper-clad laminate.

Hereinbelow, the copper-clad laminate and the

20 printed wiring board according to the present invention
will be described in more detail.

Figs. 2(a) through (c).illustrate the steps of a

process for producing the copper-clad laminate of the

i

present invention.
25 As showﬁ in Fig. 2(a), a copper electrodeposit 2
is formed on a glossy surface side la of an

electrolytic copper foil 1. The height of the copper
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been dcconpani ed by the problemthat the etching factor beconmes small due
to_the effects of crystal orientation and crystal grain boundary.

The etching factor being small nmeans that sharp edges and desirable
etching orientation cannot be - 3-

obtai ned. An explanatory view of the etchinggfactor is

electrodeposit is desirably in the range of from 0.2 to
2.0 um. The copper electrodeposit 2 may assume various
forms, such as ﬁhiskery, dendritic and nodular forms.
The copper electrodeposit 2 is formed by performing

5 electroplating at a high current density at room
tezperature. As a plating bath for use in such
electroplating,'there-ﬁay be ﬁéntioned a copper sulfate
bath containing 10 to 30 g/l of copper and 50 to 150
g/1 of sulfuric acid. Further, a copper plating (not

10 shown) is applied onto the copper electrodeposit 2
under the conditions such that the copper concentration
is in the range of from 50 to 80 g/l, the sulfuric acid
concentration is in the range of from 50 to 150 g/l1 and
the bath temperature is in the range of from 40 to

15 50°C, in order t6 improve the adhesion of the copper
electrodeposit to the copper foil. Still further, an
appropriate treatment for corrosion prevention is
carried out. |

Subsequently. the cobper foil 1 is slit to

20 strips having an appropriafe'width. and then bonded to
a substrate 3 on the glossy surface side la having the
copper electrodeposit 2 formed thereon and further
having been subjected to copper plating as shown in

Fig. 2(b). The substrate 3 is not particularly

i

25 limited. However, it is geherally selected from among
a substrate of a‘glass-reinforced epoxy resin, a

substrate of a paper-filled phenol resin, a substrate
_,....___-—-——-————---“‘“"”“““ =
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showt in Fig. 1. _ When the etching factor is small, the top is
narrow and the bottomis broad. Thus, the spacing (gap) between conductor
patterns is reduced, thereby causing a problemthat migration is likely to

occur. Thus, formation.of fine patterns is difficult. Decr easi ng
the thickness of the copper foil may "be nenfioned as a neasure for
obtaining a fine pattern. 1In this case, the sectional area of the

conductor becones so snall that the quantity of available electric -
current is smal|.oRc&opalxgide reslarpbdi AgSUBRPrateurt eAt PRAXEELEr it is
- necessary to IncrsgggnﬁheThe.copper foil 1 is bonded to the substrate 3
directly or through an adhesive by pressing at an
elevated temperature. Suitable as such an adhesive ‘is, =
5 for example, a thermosetting epoxy résin adhesive.

Thus, a copper—clad laminate compfising a
substrate 3 and, 1éminated (bonded) thereto, a copper
foil 1 is obtained. The copper foil 1 has its rough
surface 1b exposed. When the rough surface 1b is so

10 irregular as to have a surface foughness (Rz) of from 4
to 12 um, no resist can be uniformly applied to the
rough surface 1b. Therefore, as shown in Fig. 2(c),
the rough sﬁrface 1b is smoothed by chemical polishing,
such as etching, or by physical polishing, such as

15 buffing: In the chemical polishing, for example, an
etching solution is employed which comprises cupric
chloride, hydfochloric acid énd hydrogen peroxide
water. It is preferred that the smoothing of the rough
surface 15 bé performed to a surface roughness (Rz) of

20 less than 4 um. When the surface roughness is greater
than the above value, it is difficult to form a resist

pattern having a sharp configuration. On the other

hand, when the surface roughness (Rz) of the rough

i

surface 1b of the copper foil 1 is less than 4 um, the
25 above-mentioned smoothing is not necessary.
The foregoing steps provide the copper-clad

' laminate of the present inveniton. , éﬁ____;;_;d_;;—+f-t
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sectitonal area of the conductor by performng copper .plating on the wiring
pattern obtained by -the etching. Al so, when the copper |ayer is rendered
thin, lead bending occurs in a filmcarrier having .an inner |lead, e.g.,
TAB. Moreover, i.n the etching of the above-nmentioned conventional
copper-clad | am nate for fine pattern forngtion, el ectrodeposited copper
particles remain adherent to the substrate of the printed wiring board at
the root of the etching pattern, and the renmining electrodeposited copper
particles cause the From this copper-clad laminate, a printed wiring

board having a fine-pitch wiring pattern is produced by

applying-a resist to the smoothed exposed surface

(rough surface) of the copper foil and forming a wiring
5. pattern with a pitch of as fine as 150 um or less by

the conventional procedure comprising light exposure,

development and etching according to photolithography.

The obtained printed wiring board exhibits a
high etching factor, and is free from the adhesion and

10 remaining of cdpper particles at the root of the
etching pattern on the substrate.

In the copper-clad laminate of the present
invention, the electrolytic copper foil is bonded on
its glossy surface side to the substrate. The glossy

15 surface side of the copper fdil has a random
oriéntation of small crystal particles, while the rough
surface side of the copper foil has a texture of large
crystals oriented in the direction of the
electrodeposition. Henée, when the etching is

20 performed from the rough surface side, the etching
proceeds along particle interfaces, so that the crystal
having large particle'size and exhibiting high
orientation is less in side etching amount while the

glossy surface side (substrate side) having small

i

25 particle size and exhibiting random orientation is
susceptive to side:etching. Therefore, the use of such

a copper-clad laminate leads to the production of a

tHuBamRThmd
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i nt errconduct or

~descri bi ng
- For exanpl e,

copper foil

10

15

20

25

Various reports have been published

the el ectradeposition of a |layer of copper particles onto
each of both sides of a copper foil has been reported. However, this

S

o

_9_'

printed wiring board exhibiting a high etching factor
and having a sharply étched fine-pitch wiring pattern.
Further, the strength of the wiring pattern can be
incréased that much because the pattern can be designed
so as to allow lines to have a large width and a large
height even with the same pitch. Moreover, various
types of copper foils can be_émployed. For example,
various copper foils can be employed, from which a
fine-pitch printed wiring board has not been a?ailable
by the conventional procedure due to an extreme
irregularity of the rough surface, irrespective of the
copper foils being excellent in physical properties,
such as elongation and flexibility. Still further, the
thickness 6f the copper foil can be regulated by
performing etching, so that the freedom in éircuit
designing is increased to thereby ensure, for example,
a combination of-electric resistance and strength.

As illustrated above, the present invention has
the following effects:
(1) a copper-clad laminate excellent in etching
properties which ensures a large etching factor value
is obtained and it finds wide applications in the
fields where fine electric circuits are required;
(2) any wiring pitch as desiéned is obtained, thus

making impedance control of the substrate possible;

ThlS Sheet Has Been Reﬂ
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I nsul ating resistance to decrease, in extrene cases causing
short-circuiting. :
the formati on of copper el ectrodeposits on the copper foil



one f:or insertion as an inner layer into a nultilayer printed wiring
board, and the purpose of the electrodepositionis to provide a substitute
for the treatnment of blacking aimng at ensuring the adhesion of the

i nner copper foil to the substrate at the secondary bonding. A pattern
-printing is applied to the glossy surface .and the etching is performed
from the glossy surface side. In another %%anple Japanese Ratent
Application Laid-Open Gazette No. 29740/ 1993 describes an electrolytic

copper foil havipg, bot; 54d88nst b§r 7 PE1 REOYS el MY 0Bt RS HaBh Bl Ble WD

one of the
the productivity of a printed wiring board is improved;

and

(4) a wiring pattern can be formed from a .copper foil
5 having a thickness greater than that in the prior -art,

so that an additional step for:plating on the formed

wiring pattern to meet a desired capacitanée is no

longer needed.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory view of the etching
factor for a wiring pattern;

Fig. 2 illustrates the steps for producing a
copper-clad laminate according to the present

15 invention;

Fig. 3 is a sectional view of a fine-pitch
wiring pattern obtained in Example 1; and

Fig. 4 is a sectional view of a fine-pitch
wiring pattern obtained in Compafative Example 2.

20

PREFERRED EMBODIMENTS OF THE INVENTION
Hereinbeléw, the present invention will be
described in more detail with reference to the
=< following Examples.
25 Example 1
A granular copper 1ayér was electrodeposited by

plating on a glossy surface side of an electrolytic

Ims Sheet Has Been Reﬂlac
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si des of the copper foil having been subjected to surface treatnent, such
as roughening. In this exanple, also, the etching is perforned fromthe
"gFossy surface side. . SUMVARY OF
THE | NVENTI ON :

_11_

copper foil of 35 um in thickness having glossy surface
roughness (Rz) of 1.2 um and a rough surface roughness
(Rz) of 2.3 um. As a result, the roughness (Rz) of the
glossy surface side of the copper foil became 2.7 um.

5 - The plating for electrodepositing the granular
copper layver comprised burnt dep051t plating in a
sulfuric acid bath having a copper concentration of 12
g/l and a sulfuric acid concentration of 100 g/l at a
current density of 30 A/dm2 for 10 seconds, followed by

10 covering plating in a sulfuric acid bath having a
copper concentpation'of 80 g/1 and a sulfuric acid
concentration of 100 g/l at a current density of 30
A/dm2 for 10 seconds.

The resultant electrolytic copper foil was

15 subjected on-both the sides to the following treatment
for corrosion prevention. ‘'The treatmeéent for corrosion
prevention comprised plating in a zinc sulfate bath
having a zinc concentration of 5 g/1 and a sulfuric
acid concentration of 50 g/l at a current density of 5

20 A/dm2 for 8 éeconds, followed by immersion if a bath of

| 10 g/1 anhyvdrous chromic acid for 10 seconds, washing
with flowing water for 10 seconds, and drying with hot
air.
= The obtained electrolytic copper foil having the

25 copper electrodeposit formed on the glossy surface side

thereof was bonded under pressure, on the glossy

surface side thereof to one side of a substrate of

is Sheet Has Been Rep laced
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The pfesent invention has been nade to overcone the above probl ems of the
prior art. According to one aspect of the present invention there is
di scl osed a copper clad |am nate which consists essentially of an '

el ectrolytic copper foil -and a substrate, said substrate having two sides,
said electrolytic copper foil having a glosgy surface side and a matte
surface side, a granular copper |ayer being €l ectrodeposited on said gl ossy
surface side, said glossy surface side being bonded through said granul ar

copper layer to ak1heasteidTdrede epbxsrdsIWOFRLAL C thereby Y EINPEILY
the copper-clad Ilamnate and the printed wiring board according to the

present inventioncwpblrbe18@sakmedten nore detail . Figs. 2(a) - _
through (c) illustrate the steps of a process for producing the copper-clad
| am nate of the present mh¢eddfaRer, a dry film (produced by Nichigou
Alpha Co., Ltd.) was laminated to the copper-clad
5 laminate, and a pattern was formed by UV exposure .-
through a pattern film with a resist width of 56 um énd
a circuit interval of 70 um. Etching was performed at
an etching solution temperature of 50°C for 50 seconds,
using a commerciall} available etching solution of
10 copper chloride. )
A wiring pattern portion of the obtained printed
wiring board is schematically shown in Fig. 3. In the
figure, numéral~3 designates a substrate and numeral 4
disignates a fine—pitch wiring (circuit) pattern. In
15 the wiring patterh the top side is 42.2 um, the bottom
side is 49.2 um and the height is 31.7 um. Thus, the
etching factor.is 9.0: There was no adhesion and
remaining of copper particles at the root of the
etching pattern on the substrate of the glass-
20 reinforced epdxy resin. The peeling“sé}énéth after the
etching was 1.55 kg/cm.
Example 2

A granular copper layer was electrodeposited by

e»

pléting on a glossy surface side of an electrolytic
25 copper foil of 35 um in thickness having a glossy
surface roughness (Rz) of 1.3 um and a rough surface

roughness (Rz) of 5.4 um. As a the result, roughness

" This Sheet Has Been Reﬂlaced




As shdbwn in Fig. 2(a), a copper -electrodeposit 2 is forned on a gl ossy
surface side la of an electrolytic copper foil 1. The hei ght .of the copper
'REPLACEMENT SHEET - 6- el-ectrodeposit is
desirably in the range of fromW0O.2 to 2.0 [err]m The copper

el ectrodeposit 2 may assune vari ous

_13_
(Rz) of the glossy surface side of the copper foil
became 2.9 um. The plating'for electrodepositing the
granular copper layer was conducted under the same
conditions as in Example 1.

5 The resultant electrolytic'copper foil was
subjected on iés both sides to the treathent for
corrosion preﬁention under the same conditions as in
Example 1.

| The obtained electrolytic copper foil héving the
10 copper electrodepdéit formed on the glossy surface side
thereof was bonded under pressure, on the glossy
surface side thereof, to one side of a substrate of
glass—reinforéed epoxy resin FR-4 in the same manner as
in Example 1, thereby obtaining a copper-clad laminate.

15 . The rough surface side of the dopper foil of the
copper-clad laminate was buffed with #600 buff
(manufactured by Tsunoda Brush Co., Ltd.) under the
conditions such that the revolution speed was 500 rpm,
the applied pressure was 0.5 kg and the line speed was

20 3 m/min. |

Thereafter, in the same manner as in Example 1,
a pattern was-formed by UV exposure through a pattern

film with a resist width of 50 um and a circuit

interval of 70 um, followed by etching, thereby
25 obtaining a printed wiring board.
A wiring pattern of the obtained printed wiring

board had a top side of 41.7 um, a bottomtside"of 49.2

- This Sheet Has Been RT
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fo}ns,.such as whi skery, dendritic and nodular forns. The copper
el ectrodeposit.2 is forned by performng electroplating aL—Q_DLg__QULLenL———
density at room tenperature. As a plating bath for use in-such

el ectroplating, there may-be nentioned a copper sulfate batThi
to 30 g/l of copper and 50 to 150 g/l of sulfuric acid. Furt ﬂ
plating (not shown) is applied onto the cogger electrodep03|

conditions such that the copper concentrati “is in the range of from 50
to 80 g/l, the sulfuric acid concentration is'in the range of from50 to

150 g/ and' um and a height of 30.8 um. Thus, the etching factor
was 8.4. There was no adhesion and remaining of copper
particles af the root of the etching pattern on the
substrate of the glass-reinforced epogy resin; The

5 peeling strength after fhe etéhing was 1.49 kg/cm.

Comparative Example 1

Using the same electrolytic copper foil as in
Example 1, a granulaf copper layer was electrodeposited
by plating on the fough surface side of the

10 - electrolytic copper foil. As a result, the roughness
(Rz) of the rough surface side of the copper foil
became 4.2 um. The plating for elctrodepositing the
granular copper layer was conducted under the same
conditions as in Example 1.

15 The obtained electrolytic copper foil having the
coﬁper electrodeposit formed on the rough surface side
thereof w#s bonded under pressure, on the rough surface
side thereof, to one side of a substrate of glass-
reinforced epoxy resin FR-4 in the same manner as in

Zb Example 1, thereby obtaining.a-copper—clad laminate.

Thereafter, in the samé manner as in Example 1,
a pattern was formed by UV ekposure through a pattern

film with a resist width of 50 um and a circuit

interval of 70 um, followed by etching, thereby
25 obtaining a printed wiring board.
A wiring pattern of the obtained printed wiring

board had a top side of 40.3 um, a bottom side of 58.3



the brath tenperature is in the range of from40 to 50[err]C, in order to

i nprove the adhesion of the copper electrodeposit te—the-copper foil.
Stil'l further, an appropriate treatnent for corrosLlog% v tion is

carried out. Subsequently, the copper foil 1 is 3 cendieplpged,

havi ng an appropriate wdth, and then bonded to a sub#d I

gl ossy surface side |a having the copper ﬁéeptrodeposi reon
p

and further having been subjected to cop plating as shown in Fig.
2(b). The substrate 3 is not particularly limted. However, it is

general ly selectgd ££9M aD08ht of 32.0 um. Thus, the etching factor

was 4.0. The peeling strength after the etching was
1.71 kg/cm.

Comperative Example 2

5 _ Using the same electrol&tic copper foil as in
Example 2, a granular copper layer was electrodeposited
by plating on the rough surface side of the
electrolytic copper foil. As a result, the roughness
{Rz) of the rough éurface side of the copper foil

10 became 8.7 um. The plating for electrodepésiting the
granular copper layer was conducted under the same
conditions as in Example 1.

The obfained electrolytic copper foil having the
copper electrodeposit formed on the rough surfaée side

15 thereof was bonded under pressure, on the rough surface
side thereof, to one side of a substrate of glass-
reinforced epoxy resin FR-4 in the same manner as in
Example 1, thereby obtaining a copper-clad laminate.

Thereafter, in the same manner as in Example 1,

20 2 pattern was formed by UV exposure through a pattern
film with a resist width of 50 mm and a circuit
interval of 70 um, followed by etching, thereby

obtaining a printed wiring board.

A wiring pattern portion of the obtained printed
25 wiring board is schematically shown in Fig. 4. 1In the
wiring pattern, the top side is 37.2 um, the bottom

side is 66.3 um and the height is 35.0 um. Thus, the



a substrate of a glass-reinforced epoxy resin, a substrate of a
paper-filled phenol resin, a substrate :
-7-- of a polymide resin and a substrate of a pol yest ®his She@$HasiBeed R&pieQPPET

foil 1 is bonded to the substrate 3 directly or throug y .
. pressing at an elevated tenperature. Suitable as such _ ,

- 16 -

etching factor is 2.4. There was an adhesion and
remaining of copper particles, as indicated by numeral
5, at the root of the etching pattern of the substrate

of the glass-reinforced epoxy resin. The peeling

5 strength after the etching was 2.18 kg/cm.

10
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for exanple, a thernDsettlng epoxy.resin adhesi ve. Thus, a
copper-cl ad Ianlnate conpr|5|ng a su strate 3 and, -t+amnated (bonded)

t hereto, -a copper fdhkS$ . The copper f0|

surface | b exposed. V\h urface b is so Hlﬂ“gmla“lﬁum ave a
surface roughness (Rz) 12 [err]m no restStc can e sniformy
applied to the rough surface | b. Therefore, as shown in Fig. .2(c), the
rough surface |Ib is snoothed by chem cal polishing, such as etching, or by

physi cal polishing, such as buffing. In the ichem cal polishing, for
exanple, an etching solution is enployed which conprises cupric

What 1is claimed is:

1. A copper-clad laminate characterized in that
an electrolytic copper foil on the glossy surface side

of which a copper electrodeposit is formed, is bonded

[3)]

at its glossy surface side to one side or each of both

sides of a substrate.
2. A printed wiring board produced by using

therein the copper-clad laminate as claimed in claim 1.

10

20

b
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¢hl or*i de, -hydrochloric acid and hydrogen peroxide water. It is preferred
that the snmoothing of the rough surface |Ib be performedtoa—suface
roughness (Rz) of less than 4 [err]m Wen the surface.rqmggﬂgfﬁ i s T
~greater than the above .value, .it is difficult.to forma regj laced
having a sharp configuration. On the other hand, when the Em@miﬁ -
roughness (Rz) of the rough surface |b of the copper foil 4
[err]m the above-nentioned snoothing is noggnecessary. The
foregoing steps provide the copper-clad |amnate of the present inveniton.

ABSTRACT OF DISCLOSURE

The present invention provides a coppef—clad
laminate characterized in thaf an electrolytic copper
foil on the glossy surface side of which a copper

5 electrodeposit is forﬁed, is bonded at its glossy
surface side to one side or each of both sides of a
substrate, which has a fine-pitch wiring (circuit)
pattern and exhibits a high etching factor. The
present invention further provides a copper-clad

10 léminate which can be suitably employed in the

production of such a printed wiring board.
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g From this. copper-clad lamnate, a printed wiring board having
a fine-pitch wiring pattern is produced by applying a resist to the

‘snoot hed exposed surface (rough surface) of the copper foil and formng a
wWiring. pattern with a pitch of as fine as 150 [err]mor less by the
conventional procedure conprising |ight exposure, devel opnent and etching
accordi ng to photolithography.

D2 (D1—-D2) /2H=F
' Etching factor : Ef = 1_/ F

D1

FIG. 1

This Sheet Has Been R laced
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The-<obt*ai ned printed wiring board exhibits a high.etching factor, and is
free fromthe adhesi on and remaining of copper particles at the root of
the etching pattern on the substrate. In the copper-clad | am nate
of the present invention, the electrolytic copper foil is bonded on its
gl ossy surface side to the substrate. The glossy surface side of the .
copper foil has a.random orientation of small crystal particles, while the
rough .surface side of the copper foil has a texture of large «crystals
oriented in the direction of the

(a)

(b)

1b

4(“(////// //////// //////14/‘{{\/1
_ ,\\\la
— —,

(c)

FIG. 2

This Sheet Has Been Relplaced -
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el ectrodeposition. Hence, when the etching is perfornmed fromthe rough
surface side, the etching proceeds along particle interfaces, so that the
crystal having large particle size and exhibiting high orientation is
less in side etching anpbunt while the glossy surface side (substrate side)
having smal|l particle size and exhibiting randomorientation is
susceptive to side étching. Therefore, the use of such a copper-clad

| am nate | eads to the production of a 4

_

—~—
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TITLE OF THE INVENTION

COPPER-CLAD LAMINATE AND PRINTED WIRING BOARD

BACKGROUND OF THE INVENTION

[Field of the Invention]

The present invention relates to a copper-clad
laminate aed a printed wiring board. More
particularly, the present invention is concerned with a
printed wiring board having a fine-pitch wiring
(circﬁit) patterh and exhibiting a high etching factor,
and further concerned with a copper-clad laminate which
can be suitably employed in the production of such a
printed wiring board. |
[Prior Arf]

The copper-clad laminate for use in the
production of a printed wiring board is mainly obtained
by bonding a copper foll as a conductive layer to one.
side or each of both sides of a subsfrate made from a
glass-reinforced epoxy resin material or the like.

This copper foil forms a wiring pattern by etching,
etc. The eopper foil and the substrate are bonded
together under pressure while heating with or without
an adhesive interposed therebetween

As such a copper foil, an electrolytically
erqduced copper foil is generally employed. The
electrolytic copper foil is obtained by separating a

copper foil deposited on a drum. One side (glossy

{ {This is the repiacement sn(ot
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by the conventional procedure due to an extreme irregularity of the rough
surface, irrespective of the copper foils being excellent in physical
properties, such as elongation and flexibility. Still further, the
t hi ckness of the copper foil can be regulated by performng etching, so
that the freedomin circuit designing is ihcreased to thereby ensure, for
exanpl e, a conbination of electric resistance and strength. - ~ As
illustrated above, the present invention has the follow ng effects: (1) a
copper-cl ad | anisatftrexcedf ethe i gpmtehifigil which has been detached
from the drum and on which electrodeposition has
started is relatively smooth, while the other side
(rough surface) of the copper fcil on which
electrodeposition has ended is generally rough. In the
sectional texture of the electrolytic copper foil, the
texture on the glossy surface side, i.e., the texfure
in the initial stage of electrodeposition exhibits
random orientation of small crystal particles, and with
the progress of.eleqtrodeposition the crystal texture-.
comes to have greater orientation in fhe direction of
the electrodeposition, with the crystal'particle size
becoming gréater. - In the conventional copper-clad
laminates, the copper foil is bonded on its rough
surface side to the substrate for the reasons of
greater bonding strength and ea;ier handling. In 6rder
to improve the strength of peeling from the substrate,
copper particles of 0.2 to 3.5 um'are applied to the
rough surface of the copper foil.
' Formation of a wiring pattern by etching the
above-mentioned copper-clad laminate haé inevitably
been accompanied by the prdblem that the etching factor
becomes small due to the effeéts of crystal orientation
and crystal gfain boundary.

The etching factor being small means that sharp

edges and desirable etching orientation cannot be
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properties which ensures a |large etching factor value 1is obtained and it
finds wide applications in the fields where fine electric circuits are
required; (2) any wiring pitch as designed is obtained, thus making

I npedance control of the substrate possible;

- 10 - (3) a high-density wiring is easLI% obt ai nabl e, wher eby

obtained. An explanatory view of the etching factor is
shown in Fig. 1.

When the etching factor is small, the top is
narrow and the bottom is broad. Thus, the spacing
(gap) between conductor patterns is reduced, thereby
causing a problem that migration is likely to occur.
Thus, formation of fine patterns is difficult.

Decreasing the thickness of the copper foil may
be mentioned as a measure for obtaining a fine pattern.
In this éase, the sectional area of the conductor
becomes so small that the quantity of available
electric current is small. Accordingly, for allowing
ample current passage, it is necessary to increase the
sectional area of the cohductqr-by performing cop;er
plating on the wiring pattern obtained by the etching.
Also, when the copper layer is rendered thin, lead
bending occurs in a film carfier having an inner lead,
e.g., TAB.

Moreover, in the etching of the above-mentioned
conventional copper-clad lamiﬁaﬁe for fine pattern
formation, electrodeposited éopper particles remain
adherent to the substrate of the printed wiring board
at the root of the etching pattern, and the remaining
electrodeposited copper particles cause the
interconductor insulating resistance to decrease, in

eXtreme cases causing short-circuiting.
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the productivity of a rrnted W ring board Is inproved; and (4) a wring

pattern can be forned having _a thickness greater .than
d|t|onal stlefy on t he
red capaci fanc needed.

that in the prior art,
formed wring pattern

BRI EF DESCRI PTI ON OF THE DRAW NGS . ~Hg- _ vi ew of
the etching factor for a wiring pattern; Fig. Iwsi g at es the
steps for producing a

Various reports have been published describing
the formation of copper electrodeposits on the copper
foil. For example, the electrodeposition of a layer of
copper particles onto each of both sides of a copper
foil has been reported. However, this copper foil is
one for insertion as an inner laver into a multilayer
printed wiring board, and the purpose of the
electrodeposition is to provide a substitute for the
treatment of blacking aimfng at ensuring the adhesion
of the inner copper foil to the substrate at the
secondary bonding. A pattern printing is applied to
the glossy surface, and the etching is performed from
the glossy surface side. In another example, Japanese
Patent Application Laid-Open Gazette No. 29740/1993
describes an electrolYtic copper foil having both sides
thereof provided with éioss plating, with one of the
sides of the copper foil having been subjected to
surface treatment,’such as roughening. In this
example, also, the etching is performed from the glossy

surface side.

SUMMARY OF THE INVENTION
The present invention has been made to overcome
the above problems of the prier art. It is an object
of the present invention to provide a printed wiring
board which exhibits a high etching factor without

suffering from a lowering in peeling strength, and
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coppar-cl ad | am nate-acecording to the present invention; Fig. 3is
a sectional view of . I ne- |tch MArlng pattern obtalned i n Exanple 1; and

Fig. 4is a sect i onafyy ¢ pitch wring tt ern obt ained—if
j REFERRED EMBODI MENTHISGRHEEREHASVBEEN | ON

Conpar ati ve Exanpl e
Her ei nbel ow, the pre wi Il be gdescribed in REPRACEDB ai |l With

reference to the follow ng Exanples

which is free frem the adhesion and remaining of copper
particles at the root of the wiring paﬁtern and has a
wiring pattern of desirable fine pitch, and to provide
a copper-clad laminate for use in the printed wiring
board.

The above object of the present invention can be
attained by forming a copper electrodeposit on a glossy
surface side of an_electrolytie.copper-foil and then
bonding the copper foil on the glossy surface side to a
substrate.

Thus, according to the present invention, there
is provided a copper-clad laminate characterized in
that an electrolytic copper foil en the glossy surface
side of Which a copper electrodepos{t is formed, is
bonded at its glossy surfaee eide to one side er each
of both sides of a substrate. Further, there is
pfovided a printed wiring board produced by using-
‘therein the copper-clad laminate.

._Hereinbelow, the copper—elad laminate and the
printed wiring board according to the present 1nvent10n_
will be described in more detail

Figs. 2(a) through (c¢) illustrate the steps of a
process for producing the copper-clad laminate of the
present invention.

As shown in Fig. 2(a), a copper electrodeposit 2
is formed on a glossy surface side 1la of an
electrolytic copper foil 1. The height of the copper
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Exanpke 1 A granul ar copper |ayer was el ectrodeposited by plating
on a glossy surface side of an electrolytic copper foil of 35
[err]min thickness having gl ossy surface roughness (Rz) of 1.2 [err]m and
a rough surface roughness (Rz) of 2.3 [err]m As a result, the roughness
(Rz) of the -6 -
electrodeposit is desirably in the range of from 0.2 to
2.0 um. The copper electrodeposit 2 may assume various
forms, such as whiskery, dendritic and nodular forms.
The copper electrodeposit 2 is formed by performing
electroplating at a high current density at room
temperature. As a plating bath for use in such
electroplating, there.ﬁay.be:ﬁéntioned a copper sulfate
bath containing 10 to 30 g/1 of copper and 50 to 150
g/1 of sulfuric acid. Further, a copper plating (not
shown) is applied onto the copper electrodeposit 2
under the conditions such that the copper concentration
is in the range of from 50 to 80 g/l,'the sulfuric acid
concentration is in the range of from 50 to 150 g/1 and
the bath temperature is in the range of from 40 td
50°C, in order to improve the adhesion of the copper
electrodeposit to the copper foil. Still.further,'anl
appropriate treatment for corrosion prevention is
carried out.
Subsequently, the copper foil 1 is slit to
strips having ah appropriate width, and then bonded to
a substrate 3 on the glossy sﬁrface side 1a having the
copper electrodeposit 2 formed thereon and further
having been'subjected to copper plating as shown in
Fig. 2(b). The substrate 3 is not particularly
lim%ted. _Howéver, it is generally selected from among
a substrate bf_a glass-reinforced epoxy resin, a

substrate of a paper-filled phenol resin, a substrate
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gl ossy surface side of the copper foil becane 2.7 [err]m _ The
plating for electrodepositing the granular copper |ayer conprised burnt
deposit plating in a sulfuric acid bath having a copper concentration of

12 g/l

and a sulfuric acid concentration of ;100 g/l at a current density

of 30 A/dnferr] for 10 seconds, followed by covering plating in a sulfuric
acid bath having a copper concentration of 60 g/l and a sulfuric acid

concentration of 330 49/Jo18im i@ L WA BN b 3Qe _%!fdfﬁ %Mﬂye{) Hel0

seconds.

The resultant electrolytic copper foil | ected on

both the sides torkBanf.ol ITowW R@ppeatiE@Nt 1 is bonded to the substrate 3

directly or through an adhesive by pressing at an
elevated temperature. Suitable as such an adhesive is,
for example, a thermosetting epoxy resin adhesive.
Thus, a copper-clad laminate comprising a
substrate 3 and,_laminated (bonded) thereto, a copper
foil 1 is obtained. The copper foil 1 has its rough
surface 1b exposed. When the rough surface 1b is so
irregular as to have a surface roughness (Rz) of from 4
to 12 um, no resist can be uniformly applied to the
rough surface lb."Therefore, as shown in Fig. 2(c),
the rough sﬁrface 1b is smoothed by chemical polishing,
such as etching, or by physical polishing, such as
buffing In the chemlcal polishing, for example, an
etchlng solutlon is employed which comprises cupric
chloride, hydrochloric acid and hydrogen peroxide
water. It is preferred that the smoothing of the rough

surface 1b be performed to a surface roughness (Rz) of

.less than 4 um. When the surface roughness is greater

than the above value, it is difficult to form a resist
pattern héving'a sharp configuration. On the other
hand, when thé.surface roughness (Rz) of the rough
surface 1b of the copper foil.l is less than 4 um, the
above-mentioned smoothing is not necessary.

The foregoing steps provide the copper-clad

laminate of the present inveniton.
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for corrosion prevention. The treatnent for corrosion prevention conprised
plating in a zinc sulfate bath having a zinc concentration of 5 g/l and a
sulfuric acid concentration of 50 g/l at a current density of 5 A/dnierr]
for 8 seconds, followed by imrersion if a bath of 10 g/l anhydrous chrom c
acid for 10 seconds, washing with flowi ng $ater for 10 seconds, and drying
with hot air. The obtai ned el ectrolytic copper foil Hhaving the

i pre'egg;; gfﬂeggs; Ll g;g‘gg)t,ﬁﬁ‘st D&, L2383 LaE8 209, Lghedh Was, Dgnded

board having a fine-pitch wiring pattern is produced by
applying a résist to the smoothed exposed surface
{rough surface) of the copper foil and forming a wiriﬁg
pattern with a pitch of as fine as 150 um or less by
the conventional procedure coﬁprising light exposure,
development and etching according to photolithography.

The obtained printed wiring board exhibits a

" high etching factor, and is free from the adhesion and
remaining of copper particles.at the root of the
etching pattern on the substrate.

In the coppef—élad laminate of the present
invention, the.electrolytic copper foil is bonded on
its glossy surface side to the substrate. The glossy
surface side of the copper foil has a random
oriéntation of small crystal particles, while the rough
surface side of the copper foii has a texture of large
crystals oriented in the direction.of the
electrodeposition. Hence, when the etching is
performéd from the rough surface side, the etching
proceeds along particle interfaces, so that the crystal
having large particle size and exhibiting high
orientation is less in side etching amount while the
glossy surface side (substrate side) having small
particle size and exhibiting random orientation is
susceptive to sidé etching. Therefore, the use of such

a copper-clad laminate leads to the production of a
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surface side thereof, to one side of a substrate of ,

- 12 - gl ass-reinforced epoxy resin FR-4, thereby obtaining a
copper-cl ad | am nat e. _ Thereafter, a dry film (produced by N chigou
Al pha Co., Ltd.) was lamnated to the copper-clad |amnate, and a pattern
was formed by UV exposure

- 9 -
printed wiring board exhibiting a high etching factor
and having a sharply etched fine-pitch wiring pattern.
Further, the strength of the wiring pattern can be
increased that much because the pattern can be designed

. so as to allow lines to have a large width and a large
height even with the same pitch. Moreover, various
types of copper foils can be employed. For example,
various copper foils can be employed, from which a
fine-pitch printed wiring board has not been a?ailable
.by the conventional procedure due to an extreme
irregularity of the rough surface, irrespective of the
cbpper foils being excellent in physical properties,
such as elongation and flexibility. Still further, the
thickhess of the copper foil can be regulated by
performing étching, so that the freedom in circuit
designing is increased to thereby ensure, for example,
a combination of'electric resistance and strength.

As illustrated above, the present invention has

the following effects:
(1) a coppér—éiad laminate excellent in etching
properties Which ensures a lafge etching factor value
is obtainéd and it finds wide applications in the
fields where fine electric circuits are required;
(2) any wiring pitch as designed is obtained, thus

making impedance control of the substrate possible;



dfhrough a pattern filmwith a resist width of 50 [err[mand a circuit

i nt erval

of 70 [err]m Etching was perfornmed at an etching solutiaon

tenperature of 50[err]C for 50 seconds, using a cormmercially available
etching solution of copper chloride. A wring pattern portion of
the obtained printed wring board is schamatdically shown in Fig. 3. In the
figure, nuneral
fine-pitch wiring (circuit) pattern. In the wiring pattern the top side is
42.2 [err]m thdPota drighsidensg sty ix ingr ri]smearsd istheoUts iglable, 3tharéley ri m
the etching factor is .9.0. There was no adhesi on and

Thus,

3 designates a substrate and nuneral 4 disignates a

the productivity of a printed wiring board is improved;
and

(4) a wiring pattern can be formed from a copper foil
having a thickness greater than that in the prior-art,
so that an additional step for plating on the formed
wiring pattern to meet a desired capacitance is no

longer needed.

BRIEF DESCRIPTION OF THE DRAWIN§§

Fig. 1 is an explanatory View of the etching
factor for a wiring pattern;

Fig. 2 illustrates the steps for producing a
copper—ciad laminate éccordiﬁg to the.preSent
invention; |

Fig. 3 1s a sectional view of a fine-pitch
wiring pattern obtained in Example 1; and

Fig. 4 is a sectional view of a fine-pitch

wiring pattern obtained in Comparative Example 2.

PREFERRED EMBODIMENTS OF THE INVENTION

Hereinbelow, the present invention will be
described in more detail with reference to the

following Examples.

Example 1

A granular copper layer was electrodeposited by

plating on a glossy surface side'of an electrolytic
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Jemaikni ng of copper particles at the root of the etching pattern on the
substrate of the glass- reinforced epoxy resin. The peeling strength after
the etching was 1.55 kg/cm Exanple 2 A granul ar copper |ayer was
el ectrodeposited by plating on a glossy surface side of an electrolytic
copper foil of 35 [err]min thickness hayiTg a glossy surface roughness
(Rz) of 1.3 [err]mand a rough surface roughness (Rz) of 5.4 [errlm As a
the result, roughness

copper foil of 35 um in'thickness having glossy surface
roughness (Rz) of 1.2 um and a rough surface roughness
(Rz) of 2.3 um. As a result, the roughness (Rz) of the
glossy surface side of the copper foil became 2.7 um.

The plating for electrodepositing. the granular
copper layer comprised burnt deposit plating in a
sulfuric acid bath having a copper concentration of 12
g/l and a suifuric acid concentration of 100 g/l at a
current density of 30 A/dm2 for 10 seconds, followed by
covering plating in a sulfuric acid bath having a
coppéf concéntpation of 60 g/1 and a sulfuric acid
concentration of 100 g/l at a current density of 30
A/dmz for 10 seconds. o

! The resultant electrolytic copper foil was

subjected on both the sides to the following treatment
for corrosion*prevenfion;““The treatment for corrosion
prevention comprised plating in a zinc sulfate bath
having-a zinc concentration of 5 g/1 and a sulfuric
acid concentration of 50 g/l at a current density of §
A/dm2 for 8 seconds, followed by immersion if a bath of
10 g/1 anhydrous chromic acid fdr 10 seconds, washing
with flowing water for 10 seconds, and drying with hot
air.

The obtained electrolytié copper foil having the
copper electrodeposit formed-on the glossy surface side
thereof was bonded under pressure, on the glossy

surface side thereof, to one side of a substrate of
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- 13 - (Rz) of the glossy surface side of the copper foil became 2.9
[err]m The plating for electrodepositing the granular copper |ayer was
conducted under the same <conditions as in Exanple 1. The resul tant
el ectrolytic copper foil was subjected on its both sides to the treatnent
for corrosion prevention under the sanme coglitions as in

glass-reinforced epoxy resin FR-4, thereby obtaining a
copper-clad laminate. -

Thereafter, a dry film (produced by Nichigou

' Alpha Co., Ltd.) was laminated to the copper-clad
laminate, and a pattern was formed by UV exposure .-
through a patfern film with a resist width of 56 Hm énd
a circuit interval of 70 um. Etching was performed at
an etching solution temperature of 50°C for 50 seconds,
using a commerciallf available etching solution of
copper chloride.
| A wiring pattérn portion of the obtained prinfed

wiring board is schematically shown in Fig. 3. 1In the
figure, nuﬁeral 3 designates a substrate and numeral 4
disignatés a fine-pitch wiring (circuit) pattern. In
the wiring pattern'ﬁhe top side is 42.2 um, the bottom
side.is 49.2 um and the height is 31.7 um. Thus, the
etching féctor is 9.0l There was no adhesion and
remaining of copper particles at the root of the
etching pattern on the substrate of the glass-
reinforced epdxy resin. The peeliné;sé;énéth after the
etching was 1.55 kg/cm.
Example 2

A granular copper layer was electrodeposited by
plating on a glossy surface side of an electrolytic
copper foil of 35 um in thickness having a glossy
surface roughness (Rz) of 1.3 um and a rough surface:

roughness (Rz) of 5.4 um. As a the result, roughness
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Exanpl e 1. The obtained el ectrolytic copper foil having the copper
el ectrodeposit fornmed on the glossy surface side thereof was bonded under
_pressure, on the glossy surface side thereof, to one side of a substrate
of glass-reinforced epoxy resin FR-4 in the sane manner as in Exanple 1,
t her eby obtaining a copper-clad | am nate. The rough surface side of
the copper foil of the copper-clad |am nat¥3was buffed with #600 buff
(manuf actured by Tsunoda Brush Co., Ltd.) under the conditions such that

[he revolution SPRES) V8P A0 LP0Lsy 'L PREL! EFalSFUE £85p0:5pkgyand the
I ne speed was

became 2.9 um. The plating for electrodepositing the
granular copper layer was conducted under the same
conditions as in Example 1.

The resultant electrolytic.copper foil was
subjected on its both sides to the treatment for
corrosion pfevention under the same conditions as in
Example 1.

The obtained electrolytic copper foil héving the
copper electrodepoéit formed on the glossy surface side
thereof was bonded under pressure, on the glossy
surface side thereof, to one side of a substrate of
glaés—reinforced epoxy resin FR-4 in the same manner as
in Example 1, thgreby obtéining a copper-clad laminate.
_ The rough surface side of the cbpper foil of the
copper-clad laminate was buffed with #600 buff
(manufactured_by Tsunoda Brush Cé., Ltd.) under the
conditions such that the revolution speed wa§.500 rpm,
the applied pressure was 0.5'kg and the line speed was
3 m/min.

Thereafter, in the same manner as in Example 1,
a pattern was formed by UV exposure through a pattern
film with a resist width of 50 um and a circuit
interval of 70 um, followed by etching, thereby
obtaining a printed wiring board.

A wiring pattern of the cbtained printed wiring
board had a top side of 41.7 um, a bottom side of 49.2
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3'm mih. Thereafter, in the same manner as in Exanple 1, a pattern
was fornmed by UV exposure through a pattern filmwth a resist wdth of 50
[errfmand a circuit interval of 70 [err]m foll owed by etching, thereby

obtaining a printed wiring board. A wiring pattern of the obtained
printed wiring board had a top side of 41.7 [err]m a bottom side of 49.2

- 14 -
um and a height of 30.8 um. Thus, the etching factor
was 8.4. There was no adhesion and remaining of copper
particles at the root of the etching pattern on the
substrate of the glass-reinforced epoxy resin. The
peeling strength after the etching was 1.49 kg/cm.

Comparative Example 1

Using the same electrolytic copper foil as in
Example 1, a granular copper layer was electrodeposited
by plating on the fough surface side of the

- electrolytic copper foil. As a result, the roughness
(Rz) of the rough surface side of the copper foil
became 4.2 um. The plating for elctrodepositing the
granular copper layer was conducted under the éame
conditions as in Example 1.

The obtained electrolytic copper foil having the
copper electrodepoéit formed on the rough surface side
thereof was bonded under pressure, on the rough surface
side thereof, to one side of a substrate of glass-
reinforced epoxy resin FR-4 in the_same manner as in
Example 1, thereby obtaining a copper-clad laminate.

Thereafter, in the same manner as in Example 1,
a pattern was formed by UV eiposure through a pattern
film with a resist width of 50 um and a circuit
interval of 70 um, followed by etching, thereby
obtaining a printed wiring bdard.

A wiring pattern of the obtained printed wifing

board had a top side of 40.3 um, a bottom side of 56.3
This is the replacement shoet
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- 14,- [err]mand a height of 30.8 [err]m Thus, the etching factor was
8. 4. There was no adhesion and remai ni ng of copper particles at the root
of the etching pattern on the substrate of the gl ass-reinforced epoxy
resin. The peeling strength after the etching was 1.49 kg/cm Conparative
Exanmple 1 Using the sane electrolytic copper foil as in Exanple 1
a granul ar copper |ayer was el ectrodeposi tijgd - by platlng on the rough
surface side of the

um and a height of 32.0 um. Thus, the etching factor
"was 4.0. The peeling strength after the etching was
1.71 kg/cm.

Comparative Example 2

- Using the same electrolytié copper foil as in
Example 2, a granular copper layer was electrodeposited
by plating on the rough surface side of the
electrolytic copper foil. As a result, the rdughness
(Rz) of the rough surface side of the copper foil
became 6.7 um. The pilating for electrodepositing the
granular copper layer was conducted under the same
conditions as in Example 1.

The obtained electrolytic copper foil having the .
copper electrodeposit formed on the rough surface side
thereof was bonded under pressure, on the rough surface
side thereof, to one side of a substrate of glass-
reinforced epoxy resin FR-4 in the same manner as in
Example 1, thereby obtaining a copper-clad laminate.

Thereafter, in the same manner as in Example 1,
a pattern was formed by UV exposure through a pattern
film with a resist width of 50 um and a circuit
interval of 70 wm, followed by etching, thereby
obtaining a printed wiring board.

A wiring pattern portion of the obtained printed
wiring board is schematically shown in Fig. 4. In the
wiring pattern, the top side is 37.2 um, the bottom
side is 66.3 um and the height is 35.0 um. Thus; the
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,electrolytic copper foil. As a result, the roughness (Rz) of the rough

~surface side of the copper foil became 4.2 [err]m The plating for
el ctrodepositing the granular copper |ayer was conducted under the sane
conditions as in Exanple 1. The obtained el ectrolyti'c copper foi

havi ng the copper el ectrodeposit fornmed on the rough surface side thereof
was bonded under pressure, on the rough su%ace side thereof, to one side
of a substrate of glass- reinforced epoxy resin FR-4 in the same manner as
in Exanple 1, tehterheb g.orbg aj ning a

co r-clad | am nat e.
chi ctor 1Is 2.4fnn%here was an aé%esion and
remaining of copper particles, as indicated by numeral
5, at the root of the etching pattern of the substrate

of the glass-reinforced epoxy resin. The peeling

strength after the etching was 2.18 kg/cm.
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,Thergafter, in the same nmanner as in Exanple 1, a pattern was forned by W
exposure through a pattern filmwth a resist width of 50 [err]mand a
circuit interval of 70 [err]m .foll owed by etching, thereby ebtaini-ng - -a

printed wring board. A wring pattern of the N | _
wiring board had a top side of 40.3 [err]m a bottomi ﬂmm mﬂmrr II '
. . ’ * < L M s LI
- 17'_

What is claimed is:

1. A copper-clad laminate characterized in that
an electrolytic copper foil on the glossy surface side
of which a copper electrodeposit is formed, is bonded
at its glossy surface side to one side or each of both
sides of a substrate.

2. A printed wiring board produced by using

therein the copper-clad laminate as claimed in claim 1.

This Sheet Has Been Reﬂll ' THIS SHEET HAS BEEN

(A0 REPLAGED

This is the. replacement sheet
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~ 15-« [err]mand a height of 32.0 [err]m Thus, the etching factor was
4.0. The peeling strength after the etching was 1.71 kg/cm Conparative

Exanpl e 2 Using the sanme electrolytic copper foil as in Exanple 2,
a granul ar copper | ayer was el ectrodeposited by plating on the rough
surface side of the electrolytic copper foil. As a result, the roughness

(Rz) of the rough surface side of the capger foil becane 6.7 [err]m The
plating for el ectrodepositing the

COPPER CLAD LAMINATE AND PRINTED WIRING BOARD

ABSTRACT

The present invention provides a copper-clad laminate characterized in that an
'electrolytic copper foil (1) on the glossy surface side (1a) of which a copper electrodeposit
(2) is formed, is bonded at its glossy surface side (1a) to one side or each of both sides of a
substrate (3), which has a fine-pitch wiring (circuit) pattern and exhibits a high etching
factor. The present iﬂvention further provides a copper-clad laminate which can be suitably -
employed in the production of such a pﬁnted wiring board.

Fig.2

This is the replacement sheet
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granul ar copper |ayer was conducted under the sanme .conditions as in
Exanpl e 1. The obtai ned el ectrolytic copper foil having the copper
el ectrodeposit fornmed on the rough surface side thereof was bonded under
pressure, on the rough surface side thereof, to one side of a substrate of
gl ass- reinforced epoxy resin FR- 4 in the_sane manner as in Exanple 1,

t her eby obt ai ni ng a copper-cl ad | ami nat el/3 ‘Thereafter, in the sane
manner as in Exanple 1,, a pattern was formed by UV exposure through a
pattern filmwth a resist width of 50 [err]mand a circuit interval of
70 [err]m followed by etching, thereby

I

-~ | Etching factor : Ef=1/F

D1 -

FIG. 1
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obtaining a printed wiring board. A wring pattern portion of the
obtained printed wring board is schematically showm in Fig. 4. In the
wiring pattern, the top side is 37.2 [err]m the bottom side is 66.3
[err]mand the height is 35.0 [err]m Thus, the

- 16 - etching factor is 2.4. There was an adhesi on and

2/3
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_—1
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/
_ b
/lb
Y 77 1
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FIG. 2
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remai ning of copper particles, as indicated by nuneral 5, at the root of
the etching pattern of the substrate of the glass-reinforced epoxy resin.
The peeling strength after the etching was 2.18 kg/cm CLAI MS:

3/3

4

©_ T

FIG. 3
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‘1.7 A copper clad | aninate which consists essentially of an electrolytic

'&4pper foil and a substrate, said substrate es, said
ebectrolytic copper foil having a glossy sur 6 O%a e Sufyace
side, a granul ar copper |ayer being electrode ssy

surface side,-said glossy surface side béi fig-bonded through sald gr anul ar
copper layer to at |east one side of said substrate. . Aprinted

ol & f Pnglb?ﬁr?hﬁr SP?&F?. B Fn é‘%f‘-"ﬁét 5%9-53&?%%29% %‘ﬁig‘é‘%‘égﬁgég?% e
ngpgfelayer |§EQ2F8%Q%6 2%%2| géggr %%%égkgg%pgggigi Sgbg] ranu o The

[am nat e 2CCor §39 1 0 fehai g CtRe 8 o EHOSLEBLEE L 5nTBHC, T 19TL %' ass-

copper particles onto each of both sides of a copper
foil has been repdrted. However, this copper foil is
one for insertion as an inner layer into a multilayer
printed wiring board, and the purpose of the
electrodeposition_is‘to provide a substitute for the
{ treatment of blacking aiming at ensuring the.aahesion
of the inner copper foil to thé substrate at the
secondary bonding. A pattern printing is applied to
the glossy sﬁrfaée, and the etching is performed from
the glossy surface side. In another example, Japanese
Patent Application Laid-Open Gazette No. 29740/1993
describes an électrolytic copper foil having both sides
thereof provided with g&oss plating, with one of the
sides ‘'of the copper foil having been subjected to
surface treatment, such as roughening. In this

example, also, the etching is performed from the glbssy

surface side.




réinforced epoxy resin, a paper filled phenol resin, a polyanide resin or a
pol yester resin. 5. The lam nate according to claim1l wherein said
matte surface has roughness Rz less than 4[err]m 6. The printed wiring
board according to claim2 which is produced by applying a resist to said
matte surface and said prlnted wiring bomrd has a fine pitch wiring pattern
of up to 150 [err]m

REPLACEMENT SHEET

21 MAR 1997

SUMMARY OF THE INVENTION

The present invention has been made to overcome the above problems of the prior art.

According to one aspect of the present invention there is disclosed a copper clad
laminate which consists essentially of an electrolytic copper foil. and a substrate, said
substrate having two sides, said electrolytic copper foil having a glossy surface side and a
matte surface side, a granular copper layer being electrodeposited on said glossy surface
side, said glossy surface side being bonded through said granﬁlar copper layer to at least
one side of said substrate. |

Hereinbelow, the copper-clad laminate and the printed wiring board according to the
present invention will be described in more detail.

Figs. 2i(a) through (c) illustrate the steps of a procéss for producing the copper-clad
laminate of the present invention.

As shown in Fig. 2(a), a copper electrodeposit 2 is formed on a glossy surface side 1a

of an electrolytic copper foil 1. The height of the copper

REPLACEMENT SHEET
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1. A copper clad laminate which consists essentially of an electrolytic copper foil and a
substrate, said substrate having two sides, said electrolytic copper foil having a glossy
surface side and a matte surface side, a granular copper layer being electrodeposiied on said
glossy surface side, said glossy surface side being bonded through said granular copper

layer to at least one side of said substrate.

2. A printed wiring board prepared by etching said copper clad laminate according to

claim 1 in the direction from said matte surface towards said glossy surface.

3. The laminate according to claim 1 wherein said granular copper layer is

electrodeposited to a height of 0.2-2.0 pm.

4. The laminate according to claim 1 wherein said substrate is made from a glass-

reinforced epoxy resin, a paper filled phenol resin, a polyamide resin or a polyester resin.

5. The laminate according to claim 1 wherein said matte surface has roughness Rz less

than 4um.

6. The printed wiring board according to claim 2 which is produced by-applying a resist
to said matte surface and said printed wiring board has a fine pitch wiring pattern of up to

150 pm.
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