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ATE OF RECEIPT·····~······ .. ········· _ 

BACKGROUND OF THE INVENTION 

The present invention relates to a chemical 

reducing solution for chemically reducing copper oxide to 

metallic copper while confining the change in the form of 

5 the copper oxide to a slight change, and a process for 

producing a multi-layer printed circuit board improved in 

the adhesion between copper and resin by the use of said 

chemical reducing solution. 

Copper oxide has a form of whisker, namely a 

10 needle-like form. Such copper oxide can be obtained by 

heating meta~lic copper (literature: Copper Oxide 

Whisker, Kinou Zairyo, Vol 12, No. 12 (December, 1992), 

or by dipping metallic copper in an alkaline aqueous 

solution containing an oxidant such as oxo~disulfate, 

15 chlorite or the like •. · 

As above, copper oxide has a needle-like form. 

If such copper oxide can be reduced to metallic copper 

while maintaining the needle-like form nearly completely, 

a powdery copper oxide will give a needle-form metallic 

20 copper which is expected to be useful as an electro­

conducti :ve ,filler for use in electroconductive pastes. 
__ .. 

- iThere is known a technique for forming a 

needle-~orm copper oxide on the surface of metallic 

copper And ~p~oving adhesive force between copper and a 
;1 ~ ; 

25 resin by en~nglement of the·· f_ine.- needles and the r~sin ..... 
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In order to improve acid resistance of the adhesion 

it is desired to reduce the copper oxide needles to 

metallic copper while retaining the needle-like form 

copper oxide as completely· as possible, and methods 

of 

for 

5 such a reduction are disclosed ~n JP-B-64-8479, 

JP-A-176192 and JP-A-1-156479. 

Among these patent.gazettes, JP-B-64-8479 

mentions that, if an inner layer circuit board is formed 

and then copper oxide is f o.rmed on the surface of 

10 metallic copper constituting the inner circuit and the 

copper oxide is contacted with an aqueous alkaline 

solution containing a reductant, the copper oxide can be 

reduced to metallic copper. The same patent gazette as 

above further discloses a method for producing a multi-

15 layer printed circuit board by carrying out the above­

mentioned reduction, drying the reduced product and then 

laminating the inner layer circuitboa;rd thus obtained 

with a prepreg. 

For the same purpose as above, JP-A-61-176192 

20 discloses a method of using dimethylaminoborane as a 

reductant for copper oxide; and JP-A-1-156479 discloses a 
.. 

method of using sodium boron hydride and formaldehyde as 

reductants for copper oxide in the solutions of which 

metallic copper is dipped successively. 

25 From the viewpoint of industrial technique, the 

important points in the chemical reduction of copper 

oxide mentioned above consist in that copper oxide must 

be reduced to m~tallic copper while maintaining the • • 
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needle-like form of copper oxide as completely as 

possible, that the reduction must be completed in a short 

period of time, that the procedure of the reduction must 

be simple, and that the reductant used for the reduction 

5 must not be costly. Among these conditions, the lowness 

in cost is quite important in an industrial technique for 

mass production. 

Now, when sodium boron hydride is used as a 

reductant as disclosed in JP-B-64-8479, characteristic 

10 properties of the reductant are governed by pH value of 

the reducing· solution containing the reductant. That is, 

when pH of reducing solution is lower than 11, the 

reduction can progress while nearly completely maintain­

ing the needle-like form of copper oxide and the reduc-,. 

15 tion can be completed in a relatively short period of 

20 

time. 

Further, sodium boron hydride is lower in cost 

as a chemical agent than other effective boron type 

reductants such as dimethylamineborane. 

When sodium boron hydride is used at a pH value 

of lower than 11, however, its large portion is consumed 

by a spontaneous decomposition so that sodium boron 

hydride is costly as a result. 

When sodium boron hydride is used at a pH value 

25 of 11 or above, its consumption.by spontaneous decomposi­

tion is suppressed to a considerable extent. Under such 

a condition, however, there remain unsolved problems tha.t 

the reduction takes a long period of time and the needle-



- 4 

like form of copper oxide readily changes to a granular 

form. 

Next, the method of using dimethylamineborane 

as a reductant as disclosed in JP-A-61-176192 has a 

5 problem that this agent is quite costly as compared with 

other effective reductants, even though this agent makes 

it possible to reduce copper oxide to metallic copper 

while maintaining the needle-like form of copper oxide 

nearly completely with a high rate of reduction and ~ith 

10 a relatively small extent of spontaneous decomposition. 

Next, in the method of using sodium boron 

hydride and formaldehyde as reductants and dipping copper 

oxide in solutions of the two reductants successively, 

sodium boron hydride can be used at a high pH value 

15 because it is used for advancing the reduction only 

partially, and its consumption by spontaneous decomposi­

tion can be confined to a small extent. Further, 

formaldehyde used for completely reducing copper oxide to 

metallic copper is quite inexpensive as compared with 

20 · other reductants. However, this method is disadvantage­

ous in tha~ it uses two kinds of reductants and the 

process is too long. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 

25 provide a chemical reducing solution which satisfies a 

condition that it can reduce copper oxide to metallic 

copper while maintaining the needle-like form of copper 
----~--
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oxide as completely as possible and, _in addition, 

simultaneously satisfies the.conditions that it can 

reduce copper oxide in a short period of time by a simple 

procedure and that the reductant used for the reduction 

5 is relatively low in cost; and a process for producing a 

multi-layer printed circuit board using said chemical 

reducing solution. 

The present invention provides a chemical 

reducing solution for chemically reducing copper oxide to 

10 metallic copper containing an alkali boron hydride and, 

as an additive, a water-soluble organic compound having a 

molecular weight of 200 or above and containing a 

polyoxyethylene chal:n in molecule·. 

The present invention further provides a , 

15 process for producing a multi-layer printed circuit board 

which comprises, after formation of an inner layer 

circuit board, forming copper oxide on the surface of the 

inner layer circuit, reducing the copper oxide through 

contact with a chemical reducing solution containing an 

20 alkali boron hydride and a water-soluble organic compound 

having a molecular weight of 200 or above and a polyoxy-

25: 

ethylene chain in molecule, and thereafter laminating on 

the surface thereof a prepreg or an insulating adhesive 

film. 

The present invention further provides a 

process for producing a multi-layer printed circuit board 

which comprises forming copper oxide on the surf ace of a 

copper-clad laminated board for use in the formation of 
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an inner layer circuit board, reducing the copper oxide 

through contact with a chemical reducing solution 

containing an alkali boron hydride and a water-soluble 

organic compound having a molecular weight of 200 or 

· 5 above and a polyoxyethylene chain in molecule, then 

etching off the copper foil which has formed copper oxide 

not constituting the inner layer circuit, and thereafter 

laminating on the surface thereof a prepreg or an 

insulating adhesive film. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph explaining the effect of the 

invention,.wherein t~e relation between pH value of 

reducing solution and reducing rate ·is illustrated by 

using molecular weight of additive as a parameter; 

15 Fig. 2 is a graph explaining the function of 

the invention, wherein relation between pH value of 

reducing solution and reducing rate is illustrated by 

using degree of polymerization of additive as a 

parameter; 

20 Fig. 3 is a graph explaining the function of . 
the invention by showing the relation between the amount 

of additive and reducing rate; 

Fig. 4(A) is a microscopic photograph 

illustrating the state of the surface of reduced metal 

25 according to Comparative Example of the invention using a 

reducing solution· containing no additive; and 

Fig. 4(B) is a microscopic photograph 
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illustrating the state of the surface of reduced metal 

according to one Example of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

After extensive studies, the present inventors 

5 found that the problems mentioned above can be solved by 

using an alkali boron hydride as a chemical reducing 

agent and adding thereto, as an additive, a water-soluble 

organic compound having a molecular weight of 200 or 

above and a polyoxyethylene chain in molecule. Based on 

10 this finding, the present invention was accomplished. 

As the alkali boron hydride used in the present 

invention, at least one member selected from the group 

consisting of sodium boron hydride, potassium boron , 

hydride, lithium boron hydride and ·the like can be used. 

15 Concentration of the alkali boron hydride is 0.1 g/liter 

or above, and further preferably from 0.5 g/liter to 

10 g/liter. 

If the concentration of alkali boron hydride is 

lower than 0.1 g/liter, the reducing rate is remarkably 

20 low. Even if the concentration is high, it makes no 

.trouble on the reduced metallic copper. However, if the 

concentration exceeds 10 g/liter, the consumption rate of 

alkali boron hydride in the reducing solution becomes 

high due to spontaneous decomposition, which is 

25 uneconomical. 

pH value of the aqueous solution of alkali 

boron hydride is preferably 11 or above, from the 

This Sheet Has Been Replacec. 
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viewpoint of prevention of spontaneous decomposition of 

alkali boron hydride. 

As the water-soluble organic compound having a 

molecular weight of 200 or above and a polyoxyethylene 

5 chain in molecule which can be used as the additive, 

10 

polyethylene glycol can be referred to. Polyethylene 

glycol includes many homologues of which molecular weight 

ranges from about 200 to several millions, and they are 

all usable in the invention. 

In the invention, ether type water-soluble 

organic compounds having a polyoxyethylene chain such as 

single chain length polyoxyethylene alkyl ethers, 

polyoxyethylene secondary alcohol ethers, polyoxyethylene 

alkylphenyl ethers, ethylene oxide derivatives of 

15 alkylphenol-formaldehyde condensates, polyoxyethylene­

polyoxypropylene block polymers, and the like can be 

used. 

Further, in the invention,, ether-ester type 

water-soluble organic compounds such as polyoxyethylene-

20 glycerin fatty acid esters, polyoxyethylene-caster oil, 

polyoxyethylene-hydrogenated caster oil, polyoxyethylene-.. 
sorbitan-fatty acid esters, polyoxyethylene-sorbitol 

fatty acid esters, and the like can be used. Further, 

polyoxyethylene glycol fatty acid esters can be used as 

25 an ester type water-soluble organic compound, and 

polyoxyethylene-fatty acid amides and polyoxyethylene-

alkylamines can also be used as nitrogen-containing 

water-soluble organic compounds. 



- 9 -

In the practical use, at least one of these 

water-soluble organic compounds is added. 

Concentration of the additive is preferably 

0.01 g/liter or above and further preferably 0.05 g/liter 

5 or above. Although upper limit of the concentration 

varies depending on the kind of additive, an additive may 

be added up to the solubility limit of the additive. If 

the amount of additive exceeds its solubility, the solu­

tion becomes turbid, and an insoluble matter is deposited 

10 on the surface to bring about an undesirable result. 

As has been mentioned above, a study of the 

present inventors has revealed that there is a definite 

relation between the increase of reducing rate and the 

kind of additive. When polyethylene glycol is used as 
, 

15 the additive, a higher molecular weight gives a higher 

reducing rate. 

When water-soluble organic compounds having a 

polyoxyethylene chain in molecule other than polyethylene 

glycol are used as the additive, degree of polymerization 

20 of the polyoxyethylene chain exercises. no great influence 

upon the reducing rate. That is, the reduction is nearly 

likewise accelerated by addition of any of such compounds 

regardless of degree of polymerization of polyoxyethylene 

25 

chain. 

The copper surface treatment of this invention 

can be applied not only to the pretreatment of internal 

circuits to be subjected to multi-layer adhesion, but 

also to circuit surface treatment before the formation of 
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a resist on a printed circuit board, or copper surface 

treatment before adhesion of a flexible substrate and 

copper foils in order to improve the ~dhesive strength 

between the copper foil and a resin layer. 

A multi-layer printed wiring board can be 

produced by piling a plural~ty of the thus treated wiring 

boards having been formed internal layer circuits and a 

plurality of prepregs obtained by impregnating a 

substrate such as paper, glass cloth, etc., with a 

10 thermosetting resin and drying, alternately, followed by 

pressing with beating, by a conventional method. 

This invention can be applied to the production 

of multi-layer printed wiring boards obtained by adhering 

internal layer wiring boards to prepregs; laminates of 

15 copper-clad laminates, wiring boards having conductor 

circuits thereon and solder resists; copper-clad 

20 

laminates obtained by laminating copper foils and 

prepregs; substrates for flexible wiring boards obtained 

by laminating copper foils and flexible films, etc. 

Thus, a multi-lay~r printed circuit board can 

be produ~ed by a process comprising after formation of an 

inner layer circuit board, forming copper oxide on the 

surface of the inner layer circuit, reducing the copper 

oxide through contact with a chemical reducing solution 

25 containing an alkali boron hydride and a water-soluble 

organic compound having a molecular weight of 200 or 

above and a polyoxyethylene chain in molecule, and there-

after laminating on the surf ace thereof a prepreg or an 

\ 
\ 
' 
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insulating adhesive film. 

Alternatively, the multi-layer printed circuit 

can be produced by a process comprising forming copper 

oxide on the surface of a copper-clad laminated board for 

5 use in the formation of an inner· layer circuit board, 

reducing the copper oxide through contact with a chemical 

reducing solution containing an alkali boron hydride and 

a water-soluble organic compound having a molecular 
. . 

weight of 200 or above and a polyoxyethylene chain in 

10 molecule, then etching off the copper foil which has 

formed copper oxide not constituting the inner layer 

circuit, and thereafter laminating.on the surface thereof 

a prepreg or an insulating adhesive film. 

More concretely, some embodiments of the 

15 present invention are explained in detail below. 

A copper-clad laminate can be obtained by 

subjecting one or two surfaces of copper foils to the 

surface treatment process of this invention; laminating 

one or more surf ace treated copper foils and one or more 

20 sheets of glass cloth or paper impregnated with an epoxy 

resin, a polytetraf luoroethylene resin or a polyimide 

.resin or one or more sheets of an epoxy resin, a 

polytetrafluoroethylene resin or a polyimide resin with 

glass fibers, or laminating one or more the thus surface 

25 treated copper foils coated with an epoxy resin, a 

polytetrafluoroethylene resin or a polyimide resin; and 

subjecting to heating and pressing treatment to form a 

laminated unit having copper layers on the outermost 
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surfaces. 

A copper-clad flexible film can be obtained by 

subjecting one or both surface of copper foil to the 

surface treatment process of this invention; and bonding 

5 a flexible resin film to the resulting copper foil using 

an adhesive of epoxy resin or ~crylic resin so as to have 

copper layers on the outermost surfaces, wherein the 

flexible resin film is made from polyimide, polyester, 

polytetrafluoroethylene, polysulfone,·or polyether ether 

10 ketone. 

A multi-layer wiring board can be obtained by 

laminating one or more copper foils and one or more 

sheets of glass cloth or paper impregnated with an epoxy 

resin, a polytetrafluoroethylene resin or a polyimide 

15 resin or one or more sheets of an epoxy resin, a 

polytetraf luoroethylene resin or a polyimide resin mixed 

with glass fibers, or laminating one or more copper foils 

coated with an epoxy resin, a polytetrafluoroethylene 

resin or a polyimide resin; subjecting.to heating and 

20 pressing treatment ~o form a copper-clad laminate; 

removing unnecessary portions from the copper foil of the .. 
laminate by etching to form inner circuits on an internal 

layer; subjecting the copper foil thus treated to the 

surface treatment process of this invention; laminating 

25 on the resulting copper surface an epoxy resin, a 

polytetrafluoroethylene resin or a polyimide resin, or a 

glass cloth or paper impregnated with an epoxy resin, a 

polytetraf luoroethylene resin or a polyimide resin, or 
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laminating a sheet of an epoxy resin, a polytetrafluoro­

ethylene resin or a polyimide resin mixed with glass 

fibers, with repetition of laminating to form a multiple 

layers and a copper foil as an outermost layer; subject-

s ing to heating and pressing treatment to form a laminated 

unit having copper layers on the outermost surfaces; 

drilling through-holes in the laminated unit; metallizing 

inner walls of the through-holes; and removing 

unnecessary portions from the outermost copper layers by 

10 etching to form circuits. 

Further, a flexible wiring board can be 

obtained by bonding a copper foil to a flexible resin 

film using an adhesive of epoxy resin or acrylic resin to 

form a copper-clad flexible film; removing unnecessary 

15 p~rtions from the copper foil by etching to form inner 

circuits on an inner layer; subjecting the copper foil 

thus treated to the surface treatment process of this 

invention; and bonding a flexible resin film from which 

unnecessary portions for connection are removed to the 

20 thus treated copper surface with an adhesive of epoxy 

resin or acrylic resin, wherein the flexible resin film 

is made from polyimide, polyester, polytetrafluoro­

ethylene, polysulfone, or polyether ether ketone. 

The resin layers can be used in the form of a 

25 prepreg,· film, curtain coat, etc. As the resin, there 

can be used thermosetting resins such as epoxy resins, 

polyimides, etc.; thermoplastic resins such as polytetra­

fluoroethylene, polysulfones, polyether ether ketones, 

c:IThis Sheet Has Been Re la 
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polyetherimides, etc. 

Next, the present invention is illustrated by 

way of the following Examples. 

Example 1 

A copper-clad laminate board having a thickness 

of 0.2 mm was immersed for 3 minutes in an aqueous 

solution ~ontaining 40 g/liter of sodium hydroxide and· 

having a liquid temperature of 50°C for the sake of 

alkali-defatting, and then washed with water. 

10 Subsequently, the laminate board was immersed in an 

aqueous solution containing 100 g/liter of ammonium 

peroxodisulfate and having a liquid temperature of 40°C 

for the sake of soft etching of the surface, and then 

washed with water. Subsequently, the laminate board was 

15 immersed for 2 minutes in a copper oxide-treating 

solution containing 30 g/liter of sodium chlorite, 30 

g/liter.of sodium tertiary phosphate (Na3P04 •12H20) and 20 

g/liter of sodium hydroxide and having a liquid tempera-

t_ure of 85°C to make progress an oxidation treatment of 

20 the copper surface of copper-lined laminate board, 

25 

.. 
whereby a copper oxide film was formed on the surface. 

The treated laminate board thus obtained was 

cut into a size of 10 mm width x 150 mm length to obtain 

samples. 

Subsequently, reducing solutions were prepared 

by dissolving 2 g/liter of sodium boron hydride as a 

reductant, adjusting pH to 10.S, 11.0, 11.5, 12.0, 12.5, 
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13.0 or 13.5 with sodium hydroxide, and further adding 

thereto no additive or 2.0 g/liter of an additive. As 

said additive, polyethylene glycols (hereinafter referred 

to as "PEG") having a molecular weight of 200, 900, 1,000 

5 and 2,000 were used. After adjusting the liquid tempera-

ture to 40°C, the sample obtained above was immersed in 

each of the reducing solutions thus obtained to carry out 

reduction. 

The results are summarized in Fig. 1, wherein 

10 reducing rate is expressed by the period of time required 

for reduction of copper oxide film to metallic copper. 

Fig. 4(A) is a scanning electron microscopic 

photograph at a magnification of 20,000 of a sample 

surface which has been reduced with a reducing solution , 

15 having a pH value of 12.5 and containing no additive. 

Fig. 4(B) is a scanning electron microscopic 

photograph at a magnification of 20,000 of a sample 

surface which has been reduced with a reducing solution 

having a pH value of 12.5 and containing PEG having a 

20 molecular weight of 2,000 as an additive. 

E;xample 2 

In the experiment of Example 1, composition of 

reducing solution was altered as follows. 

As a reductant, sodium boron hydride was added 

25 in an amount of 2 g/liter. pH value of the solution was 

adjusted to 10.5, 11.0, 11.5, 12.0, 12.5, 13.0 or 13.5 

with sodium hydroxide. To each of the solutions thus 

dThis Sheet Has Been Re 1 
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obtained, no additive was added or an additive was added. 

As the additive, PEG mono-oleyl ether (degree of polymer­

ization of the PEG was 7,· 10, 20 or 50) was used in an 

amount of 0.25 g/liter. After adjusting liquid tempera-

s ture to 40°C, sample was immersed in each of the reducing 

solutions thus obtained to carry out a reduction. 

The results are shown in Fig. 2, wherein the 

reducing rate is expressed by the period of time required 

for reduction of copper oxide film to metallic copper. 

10 Example 3 

In the experiment of Example 1, composition of 

reducing solution was altered as follows. 

As a reductant, sodium boron hydride was added 

in an amount of 2 g/liter. pH value of the solution was 

15 adjusted to 12.5 with sodium hydroxide. Further, as an 

additive, PEG or PEG mono-p-nonylphenyl ether (degree of 

polymerization of the PEG was 20) was added in a varied 

amount ranging from 0 to 0.25 g/liter. After adjusting 

liquid temperature to 40°C, sample was immersed in each 

20 of the reducing solutions thus obtained to carry out a .. 
reduction. 

The results are shown in Fig. 3, wherein the 

reducing rate is expressed by the period of time required 

for reduction of copper oxide film to metallic copper. 

25 Example 4 

A copper-clad laminate board having a thickness 
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of 0.2 mm using a 35 µm copper foil was prepared by the 

method of etching. The laminate board was defatted by 

dipping the board for 3 minutes in an aqueous solution 

containing 40 g/liter of sodium hydroxide and having a 

5 liquid temperature of 50°C, and then washed with water. 

Subsequently, the laminate board was dipped in an aqueous 

solution containing 100 g/liter of ammonium peroxodi­

sulfate and having a liquid temperature of 40°C for the 

sake of a soft etching treatment of the surface, and then 

10 washed with water. Subsequently, the laminate board was 

dipped for 2 minutes in a copper oxide treating solution 

containing 30 g/liter of sodium chlorite, 30 g/liter of 

sodium tertiary phosphate (Na3P04 •12H20) and 20 g/liter of 

sodium hydroxide and having a liquid temperature of 85°C 
, 

15 to subject the copper surface to an oxidation treatment, 

whereby a copper oxide film was formed. 

Subsequently, the sample was reduced by dipping 

it in a reducing solution prepared by dissolving 2 

g/liter of sodium boron hydride as a reductant, adjusting 

20 pH value of the solution to 12.5 with sodium hydroxide, 

further adding thereto 2.0 g/liter of PEG having a 

molecular weight of 2,000 as an additive, and adjusting 

the temperature of the solution to 40°C, after which the 

sample was washed with water. 

25 Subsequently, a prepreg and an outer layer 

copper foil were superposed on the treated sample thus 

obtained, and the whole was laminated and integrated with 

pressure and heat under a pressure of 40 kg/cm2 at a 
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.. ~~-~ -----· 
· 17ooc for 90 minutes to prepare a multi-.. temperature of 

::-: 
. ~-.,. ~- . . 

.. ;... ::- iayer board . 

Then, on this multi-layer board, the peeling 

strength of inner layer copper foil at the surf ace 
-

5 subjected to the reducing treatment was measured. 

10 

As a result, it was found that the peeling 

strength was 1.1 kgf/cm which was a satisfactory value as 

a peeling strength of inner layer copper foil of a multi­

layer printed circuit board. 

As has been described above, according to the 

present invention, there can be provided a process for 

producing a chemical reducing solution simultaneously 

satisfying the conditions that the ~hemical reducing 

solution can reduce copper oxide to metallic copper while 

15 maintaining the needle-like form of copper oxide as 

completely as possible, that the reduction can be 

comp.leted in a short period of time by a simple proce-

dure, and that the reductant used in the solution is 

relatively low in cost; and there can be further provided 

20 a process for producing a multi-layer printed circuit 

board using said chemical reducing solution . 

.. 
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CLAIMS 

l. A chemical reducing solution for chemically 

reducing copper oxide to metallic copper which comprises an 

alkali boron hydride and, as an additive, a water-soluble 

5 organic compound having a molecular weight of 200 or above 

and a polyoxyethylene chain in the molecule. 

10 

2. A chemical reducing solution according to 

claim l, wherein said solution has_ a pH value of 11.0 or 

above. 

3. A chemical reducing solution according to 

claim 1 or 2, wherein the concentration of said water-soluble 

organic compound is 0.01 g/liter or above. 

4. . A chemical reducing solution according to 

any one of claims 1 to 3, wherein said water-soluble organic 

15 compound is non-ionic. 

5. A chemical reducing solution according to 

any one of claims 1 to 4, wherein there is used as the water-

soluble organic compound a polyethylene glycol or 

polyethylene glycol alkyl ether. 

20 6. A chemical reducing solution according to 

claim 1 substantially as described in any one of Examples 1 

to 4. 

7. A process for producing a multi-layer 

printed circuit board by forming an inner layer circuit 

25 board, then laminating a prepreg or an insulating adhesive 

film on the surface thereof, which process comprises, after 

::IThis Sheet Has Been Replace1 
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formation of an inner circuit on a board, forming copper 

~xide on the surface of the inner circuit, reducing the 

copper oxide through contact with a chemical reducing 

-solution as defined in any one of claims 1 to 6 and 

5 thereafter laminating on the surface thereof a prepreg or an 

insulating adhesive film. 

8. A process for producing a multi-layer 

printed circuit board by forming an inner layer circuit board 

and.then laminating a prepreg or an insulating adhesive film 

10 on the surface thereof, which process comprises forming 

copper oxide on the surface of a copper-clad laminate board 

for formation of inner layer circuit board, reducing the 

copper oxide through contact with a chemical reducing 

solution as defined in any one of claims 1 to 6, subsequently 

15 etching off the copper £oil forming the copper oxide not 

constituting the inner layer circuit, and then laminating on 

the surface thereof a prepreg or an insulating adhesive film. 

9. A process according to claim 7 or 8 

substantially as illustrated in Example 4. 

20 10 . A multi-layer printed circuit board produced .. 
by the process claimed in any one of claims 7 to 9. 
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