: Fo008IC -5 | REPLACEMENT SHEETS. $G_
- - -, CHEM .CAL REDUCI NG SOX§HON FOR CPHPERSS:{pfin : p .
THE | NVE I o The present invention r 2| [t €Rinl (e € PagEdC Ao paged ...
redycing solutien for chenically reducing cpppe Oxbeievidgds) I "Lgo PRET
~whil'e confiningithe change in the form of he tqPP&hstREL Doe g;
change, and @ process for producing a mul ti-layer prl ed c r U|f d?g"”
i nproved in the adhesion between copper and repi tfﬁ5ﬂﬁﬂﬁﬂﬂ} sai d

CHEMICAL REDUCING SOLUTION FOR COPPER OXIDE

BACKGROUND OF THE INVENTION

The preseht invention relates.to a chemical'
reducing solution for chemically reducing copper oxide to
metaliic 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 circu;t board improved in
the adhesion between copper.and resin by the use of said
cheﬁical reduciﬁg solution. |

Copper oxide has a form of.whisker, namely a

10 needle-like form. Such copper oxide can be obtained by
heating metallic copper (literatuie; ' Copper Oxide
ﬁhisker, Kinou Zairyo, Vol 12, No. 12'(December, 1992y,
or by dipping metallic copper in an alkeline aqueous
solution containing an oxidant such as oxo+disulfate;
15 chlorite or the like. '

Ae above, copper oxide has a needle-like form.
If such copper oxide can be reducedeto'metallic copper
while maintaining the needle-like ferm nearly completely,
a.powdery copper oxidetwill give a needle-form metallic

20 copper which is expected'to be useful as an electro-

conductifeffiller for use in electroconductive pastes.

N

There is known a technique for forming a

needle-fofm-copper oxide on the surface of metallic

copper 5nd 1mprov1ng adhesive force between copper and a

25 resin by enqgnglement of the- flne needles and the resin,
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chem cal reducing sol ution. Copper oxide has a form of WH_
nanely a needle-like form Such copper oxide can be obtained by h
nmetallic copper (literature: Copper Oxide Wisker, Kinou Zairyo, Vo

No. 12 (Decenber, 1992), or by dipping petallic copper in an alkal
aqueous sol ution containing an oxidant such as oxo-disulfate, chlorite.or
the like. In order Ao dmprove auiel mpsidetarse cofieehle cadlhésibnr partl,f
copper oxide can be reduced to netallic copper -while maintaining the

needl e- | i keitois desiredc coplredicg the popbey exjgerneadlieswkbl give s

needl e-formnetallic copper which is expected to be useful as an el ectiro-
metallic copper while retaining the needle-like form of
-copper oxide as completely as possible, and methods for
5 such a reduction are disclosed in JP-B-54;8479,
JP-A-176192 and JP-A-1-1564789.

Among these patent.gazéttes, JP-B-64-8479
mentions that, if an inner layer circuit board is formed
and-thén copper oxide is formed on the surface of |

10 metallic copper constituting the inner circuit and the
copper oxide is contécted 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 innerlléYer ¢ircuit.boa;d 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; énd JP—A—1—156479 discloses a
method of uéing 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 technigque, the
important points in the chemical reducﬁion of copper
oxide mentioned above consist in that copper oxide must
be reduced to météllic copper while maintaining the
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conductive filler for use in electroconductive pastes. There is
- known a technique for formng a needle-formcopper oxide on the surface of
metallic copper and inproving adhesive fprge.betmeen copper and a resin
by entangl enent of the fine needl es and the resin.

-2- In order h@edlB-2Y¥RedEbsm' 0F Toppexr Hxildee a%ihﬁﬁllﬂrémi,aslt i's.
desired to reduce the copper oxide needles to netallic copper while

retaining the pesgibibjkehher thef reduprdonmiutt de mm@l&tﬁdj s PoskoPt e,
and net hods for
period of time, that the procedure of the reduction must
be simple, and that the réductant 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 SOdiﬁm boron hydride is used as a.
~ reductant as disclosed in JP-B-64-8479;-characteristic

io properties of the reductant are governed by pH value of
the reducing solution containing the reductant. That is,
when pPH of reducing solution is lower than 11, the
reduction can progress while nearly completely maintain-
ing the need}e-like form of copper oxide and the reduc-

15 tion can be completed in a ;elatively short period of
time.

 Further, sodium boron hydride is lower in cost
as a chemical agent than other effective boron type
reductants éﬁch as dimethylamineborane.

20 When sodium boron hydride is used at a pH value
of lower than 11, however, its 1érge pértion is consumed
by a spontaneous decomposition so that sodium boron
hydride is costly as a result.

When sodium Bbfon hydride is used at a pH value

25 of 11 or above, its consumption. by spontaneous decomposi-
tion is suppressed to a considerable extent. ﬁnder.such
a condition, however, there remain unsolved problems that

the reduction takes a long period of time and the needle-
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such a reduction are disclosed in JP-B-64-8479, JP-A-176192 and

JP- A-1-156479. Anong -t hese patent gazettes, JP-B-64-8479
mentions that, if an inner layer circuit board is.fornmed and then coppé&r
oxide is fornmed on the surface of netallic copper constituting the innéar
circuit and the copper oxide is contacted with an aqueous al kal i ne
sol ution containing a reductant, the copper oxide can be reduced to

metal | i c coppkeike THermaoe eopper grigét ceadilgbohangest her aligyedmsker a
met hod for producing a nulti- |ayer printed circuit board by carrying o
t he above- nfsdmoned reduction, drying the reduced product and then
| am nating the inner |layer circuit board thus obtained
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 with
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 redﬁcing copper oxide to
metallic coppér is quite inexpensive as compared with

20  other reductants. However, this method is disadvantage-
ous in that 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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with a prepreg. For the same purpose as above, JP-A-61-176192

di scl oses a nethod of . using di methyl am noborane as a reductant for copper
oxi de; and JP-A-1-156479 discloses a nethogl of using sodi um boron hydride
and formal dehyde as reductants for copper oxide in the solutions of which

metallic COppeéxi&edAQDEQmﬁﬂéﬁéi?i %€l yossible and, Emo@Eddiaidempoi nt of
industrial technique, the “inporfant points in the chenm cal reduction of

CoPDta S R SRy eaREs, 1 condionan s rhstcae educer
reduce copper oxide in a short period of time by a simple
- procedure and that the reductant used for the reduction
5 1is 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 contaiﬁing an alkali boron hydride and,
as an additive, a water-solup}e organic compound having a
molecular weight of 200 or above and éontaining a
polyoxyethylene cha;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 witﬁ a chemical reducing solufion containing an
.20 alkali boron hydride ahd a water-Séluble-organic compound
having a molecular weight of 200 or above and a polyoxy-
ethylene chain in molecule, and thereafter laminating on
. the surface thereof a.prepreg or an insulating adhesive
film.
25 _ . 'The present invention further provides a
process for producing a ﬁulti-layer printed circuit board
which comprises forming copper oxide on the surface of a

- copper-clad laminated board for use in the formation of
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-3-- needle-like formof copper oxide as conpletely as possible, thafi
reduction nust be conpleted in a short period of tinme, that the proced
of the reduction nust be sinple, and that the reductant used for the
reduction nust not be costly. Anong these conditions, the | owness in {
s quite inportant in an industrial techri gue for mass production.
Now, when sodi um boron hydride is used as a reductant as disclosed in ¥
JP- B- 64- 8479, ashdmasierliagtex cirapit theasrdf tréducingcthet cappegooxided b
pH val ue of . : . o
' 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
1aminating.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 the relation bétween pH value of
reducing solution and reducing rate 'is illustrated by
using molecular weight of additive as a parameter;
i5 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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t he ‘reduci ng sol ution containing the reductant. That is, when pH of
reduci ng solution is llower than 11, the reduction can progress while
~nearly conpletely maintain- ing the needleql ke form of copper oxi de and
the reduc- - tion can be conpleted in a relatively short period of tine.

Further, sodi U'I‘lllﬁrs‘%'i-al‘t‘i‘ii{g thd SHdt¥ of tHO Hurfifcd %eﬁéﬁéeégﬁéialha”

ot her effective boron typ reductants such as di net hyl am nebor ane.
Wien sodi um bogeeoRddhnigd@d orés Hkapke BT Md/einvént oy than 11, however,

its large portion is consuned by a spontaneous deconposition so that
sodi um boron hydride is costly as a result.
| 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 boroﬁ 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/llter.
If the concentration of alkali boron hydride is
lower than 0.1 g/;iter, 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'réte of
alkali boron hydride in the reducing solution becomes
high due to spontaneous decomposition, ﬁhich is
25 uneconomical.
: pH value of the aqueous solution of alkali

boron hydride is preferably 11 or above, from the
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Waen™ sodi um bor on hydride is used at a pH value of. 11 or above, its
consunption by spontaneous deconposi- tion is suppressed to a considera
Under

extent.

t hat
-4-
Next ,

the reduction takes a Iong peri od of i me and the needl e-
li ke formof copper oxide readily chandges to a granular form

the ”EthQﬁéubdfﬂﬂu%fjﬁggJaﬂfﬁgﬂmg?rgﬂgntaneous decomposition of

10

15

20

25

such a condition, however, there renmain unsol ved probl ens

alkali boron hydride.

As the water-soluble organic compound having a
molecular weight of 200 or above and a polyoxyethylene
chain in molecule which can be used as the additive,
polyethylene glycol can be referred to. Polyethylene
glycol includes many homologues of.whicﬁ molecular weight
ranges from about 200 to several millions, and they are
all usable in the invention. ‘

In the invention, ether type water-soluble
oxrganic compounds having a poiyoxyethylene chain such as
single chain length polyoxyethylehe alkyl ethers,

polyoxyethylene secondary alcohol ethers, polyoxyethylene

~ alkylphenyl ethers, ethylene oxide derivatives of

alkylphenol-formaldehyde condensates, polyoxyethylene-
polyoxypropylene block polymers, and the like can be
used.

Further,'in the invention, ether-ester type
water-soluble organic comppunds suéh as polyoxyethylene-
glycerin fatty acid esters, polyoxyethylene-caster oil,
polyoxyethylene-hydrogenated caster oil, polyoxyethylene-
sorb;tan-fatty acid esters, polyoxyethylene-sorbitol
fatty acid esters, and the like can be used. Further,
polyoxyethylene glycol fatty acid esters can be used as
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.

i
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as a reductant as disclosed in JP-A-61-176192 has a problemthat this
agent is quite costly as conpared with other effective reductants, even
though this agent makes - it possible to reduce copper oxide to netallic
copper while maintaining the needle-like formof copper oxide nearly
conpletely with a high rahethé pedotical asé,wathleastelome ofl \thess |
extent of spontaneous deconposition. Next, in the nethod of
usi ng sodi um beater-sylublle andafibcnabnipbyuddsadsr eddedant s and di ppi ng
copper oxide in solutions of the two reductants successively, sodium
boron hydride can be useComcenthathopHofathe addixive iis prefemably
advancing the reduction only partially, and its consunggion by spant aneous
deconposi - 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 Qf_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 compouhds having a
polyoxyethylene chain in molecule other than polyethylene
- glycol are ﬁsed 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
chain.

25 , 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 surfaéeltreatmeht before the formation of

e
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tion can be confined to a small extent. Further, formal dehyde used for
conpl etely reduci ng copper oxide to netallic copper is quite inexpensive
as conpared with other reductants. However, this method is disadvantage-
ous in that it uses two kinds of reductants and the process is too |ong.
SUMVARY OF THE | NVENTI ON It is &R Obj ect of the present
I nvention to rovide a chem cal &dUC|ngl?p utlg{ which satisfies a.

d!

condi tion that i FEEARTr 8BUBPEIPPER 537§ T R [Wrrace
mai ntai ning thErQQEﬂLﬁtlbéforgrgbﬂgsigﬁpgf a flexible substrate and

copper foils in order to improve the adhesive strength

p——

between the copper foil and a resin layer.

5 A multi-layef printed wiring board can be
produced by piling a plurality of the thus treated wiring
boards having been formed ipternal 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 501der resists; copper-clad
laminates obtained by laminating copper foils and
prepregs; substrates for flexible wiring boards obtained
by laminating copper foils and flexible films, etc.

20 Thus, a multi-layer printed circuit board can
be produced 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
abofe and a polyoxyethylene chain in molecule, and there-

after laminating on the surface thereof a prepreg or an
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- 5-- oxide as conpletely as possible and, in addition, sinultaneously
satisfies the conditions that it can- reduce copper oxide in a short period
of tinme by a sinple procedure and that thgireductant used for the
reduction is relatively lowin cost; and a process for producing a

mul ti-1ayer prLﬁbadatnhguaHhEGavélfﬂlmg said chem cal reducing solution.

The present invention provides a chem cal reducing solution for chemcally
reduci ng copper oxide toAlternatively, the multi-layer printed circuit
can be produced by a process comprising fo:ming'copper
oxide on the surface of é copper-clad laminated board for
'S5 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 molecuiar
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.
| Mofe 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 fbils to the
surface treatment process of this invention; lgminating
one or more surface treated coppér foils and one or more

20 sheets of glass cloth or paper impregnated with an epoxy
resin, a polytetrafluoroethylene resin or a polyimide -
resin or one or more sheets of an epoxy resin, a
polytetrafluoroethyléné 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
polytetrafluoroéthylene 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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metal |l i c copper containing an al kali boron hydride and, as an additiVvé
wat er - sol ubl e organi ¢ conpound having a nol ecul ar wei ght of 200 or abo¥
and containing a polyoxyethylene chain in nolecule. The preg
invention further provides a process for. groducing a nulti-layer printeg
circuit board which conprises, after formation of- an inner |ayer circuiis
board, fornm ngsu@iFRRIesxi de on the surface of the inner layer circuit, 4
reduci ng the copper oxide through contact with a chem cal reducing

solution containing an @& kdippeieraladElld:tid o df flmwed# - 56l obtainegabiyc
compound having a nol ecul ar wei ght of 200 or above and a pol yoxy-
et hyl ene chai nsub jeaititg eneardt: tHuatte &drfadeardohatoppeonfoil 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 acrylic 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 etﬁer
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 xesin or one or more sheets of an epoxy resin, a
polytetrafluoroethylene 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 to form a copper-clad laminate;
removing unnecessary portions from the copper foil of the
laminate.by etching to form innexr 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
polytetrafluorcethylene resin or a polyimide resin, oxr a
glass cloth or paper impregnated with an epoxy resin, a

polytetrafluoroethylene resin or a polyimide resin, or

dThis Sheet Has Been

T




the-éurface thereof a prepreg or an insulating adhesive film
The present invention further provides a process for producing a
nmul ti-layer printed circuit board which-ca8prises formng copper oxide on
the surface of a copper-clad |aninated board for use in the formation of
-6- an inner Laminatinguatsheetdefr asuepoxyt resiopper podiytetadfilagto-
contact with a chem cal reducing solution
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-

5 ing to heating and pressing treatmenf 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 étching to form circuits.

Further, a flexible wiring board can be
obtained by bonding a copper foil to a flexible resin
film ﬁsing an adhesive of epoxy resin or acrylic resin to
form a copper-clad flexible film; removing unnecessary

15 portions fro; 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 tréated copper surface with an adhesive of epoxy
resin or acrylic resin, wherein the flexible resin film
is made from éolyimide, polyester, polytetrafluoro-
ethyiene, polysulfone, or polyether ether ketone. |

The resin layers can be used in the form of a

25 prepreg, film, éurtain‘coat;'etc. As thé resin, there
can be used thermosetting resins such as. epoxy resins,
polyimides, etc.; thermoplastic resins such as polytetra-
fluoroethylene, polysulfones, polyéther ether ketones,

e
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containing an al kali boron hydride and a water-soluble organic conpd

havi ng a nol ecul ar wei ght of 200 or above and a pol yoxyet hyl ene chai ¥ i
mol ecul e, then etching off the copper foil which has formed copper ox
not constituting the inner layer circuid,14nd thereafter |am nating o

surface thereof a prepreg or an insulating adhesive film BRI EF
DESCRI PTI ON @elyetheRiwiNes, etc. Fig. 1 is a graph explaining theg
effect of the invention, wherein the relation betmeen H val ue of g,
reduci ng sol ution and ﬁ@ﬁﬁblm$QWHR9$QﬁﬁIinE§nt&Qm iysnsgradedcbyar

wei ght of additive as a paraneter;
way of the following Examples.

Example 1

5 A copper-clad laminate board having a thickness
of 0.2 mm was immersed for 3 minutes in an agueous
solution containing 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 boafd was immersed in an
agqueous solution containing 100 g/liter of ammonium
peroxodisulfate and having é 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 (Na,P0O;+12H,0) and 20
g/liter of'sodium hydroxide and having a liquid tempera-
ture of 85°C to make progress an oxidation treatment of

20 the copper surface of copper—lined laminaté board,
whereby a gopper 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.

25 _ Subsgquently, reducing solutions were prepared
by dissolving 2 g/liter of sodium boron hydride as a
reductant, adjusting pH to 10.5, 11.0, 11.5, 12.0, 12.5,

_
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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 wusing degree of polynerizajgon of additive as a paraneter,
Fig. 3 is a graph explaining the function of the invention by show ng the

rel ation betveen, ¢ her aAPtwi 0h 568ithVRyapexigdychfid Fakher addin Fig.

4(A) is a mcroscopic photograph illustrating the state of the surface of
reduced netal trsretsling dddoiweréLi 2e0EgAIRterobft e madativen Ugisng a
reduci ng sol ution containing no additive; and Fig. 4(B) is a

m croscopi ¢ phEdidrajditive, polyethylene glycols (hereinafter referred
to és "PEG") having a molecular weight of 200, 900, 1,000
5 and 2,000 were used. After adjﬁsting the liquid tempera-
turé to 40°C, the sample obtained above was immersed in
each of the reducing solutions thus obtained to carry out
reduction. |
The results are sumﬁarized in Fig. 1, wherein
10 reducing rate is expressed by the period of time required
for reduction of copper oxide film to metailic 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 falue of 12.5 and containing PEG having a

20 molecular weight of 2,000 as an additive.

Example 2
| In the experiment of Example 1, composition of
reducing solution was altered as follows.
As a reductant, sodium boron hydride w&s added
25 in an amount of 2 g/liter. pH value of the solufioh 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 sqlutions thus

-
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-7- "illustrating the state of the surface of reduced netal according t
one Exanpl e of the invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

After extensive studies, the present inventors found that the problens
menti oned above can be solved by using anil8l kali boron hydride as a
chem cal reducing .agent and adding thereto, as an additive, a
wat er - sol ubl e obtgined, cnopadddthsei wgsa addledc wira@n\eidghitixfe 2d9s ordded .
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-
5 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.

ety

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 iﬁmeréed 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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above and a pol yoxyet hyl ene chain in nolecule. Based on this finding, the

present invention was acconplished. As the al kali boron hydride
used in the present invention, at |east -orgy menber selected fromthe group
consi sting of sodi um boron hydride, potassium boron hydride, |ithium boron

hydri de and t hef ike eaan Jd¥ingad.35 Gonoczopper | Hoi bfwasepreékRaredbbyobhe

hydride is 0.1 g/liter or above, and further preferably fromO0.5 g/liter
to 10 g/liter method of etdMinde @heclaminate bpardiers defarteddbyde is
| ower than 0.1 g/liter, the reducing rate is remarkably low Even_ if the
concentration idippiglg tilte rhoesesd fox 13 quinutes %%ea¢e@@%@ﬁuﬁeﬁalPFéOEopper

However ,

if the

10

15

20

25

containing 40 g/liter of sodium hydroxide and having a

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 etchiﬁg treatment of the surface, and then
washed with water. Sﬁbsequently,.the laminate board was
dlpped for 2 minutes in a copper oxide treating solution
containing 30 g/llter of sodium chlorite, 30 g/liter of
sodium tertiary phosphate (NasPO,+12H,0) and 20 g/liter of
sodium hydrq;ide and héving a liquid temperature of 85°C
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
pH value of the solution to 12.5 with sodium hydroxide,
further adding thereto 2.0 g/liter of PEG having a
molecular wéight of 2,000 as an additive, and adjusting
the temperature of the'solution'to 40°Cc, after which the
sample was washed with water.

Subsequently, a prepfeg and an outer layer
copper fbil 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/cm? at a

dThis Sheet Has Been R
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bneent rati on exceeds 10 g/liter, the consunption rate of alkali boron
dride in the reducing solution becones high due to spontaneous
rposition, which is wunecononical. pH val ue of the aqueous
n of alkali boron hydride is preferablyg 2 or above, fromthe
pemp0|nt of prevention of spontaneous deconposition of alkali boron

g temé%ﬁ%f@ﬁw 150 °00 oI MINHERH kM PFRRIFY @ multi-

1ayer board.

Then, on this multi-layer board, the peeling

strength of inner layer copper foil at the surface

5 subjected to the reduciné treatment was measured.
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- !i
layer printed circuit board. |
10 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 chemical 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
completed in a short period of time by a simple proce-
dure, and that the reductant used in the solution is
relatively low in cost; énd there can be further provided
20 a process for producing a multi-iayer printed circuit

board using said chemical reducing solution.

-
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nol ecul ar wei ght of 200 or above and a pol yoxyethylene chain in nolecule
whi ch can be used as the additive, polyethylene glycol can be referred to.
Pol yet hyl ene gfycol—inel udes many honol ogues of which nol ecul ar “wei ght
ranges o several mllions, and they are all usable in the
[ nvent Q’ ﬂ"! ﬂ‘ln the invention, ether type water-soluble organic
conpounds chavi oxyet hyl ene chaln sukh as single chain length

pol yoxyet hyl ene al kyl ethers, polyoxyethyle secondary al cohol ethers,
pol yoxyet hyl ene al kyl phenyl ethers, eth%ﬁ@ﬁ@a%xide derivatives of

al kyl phenol - f or mal dehyde condensat es, pol yoxyet hyl ene- pol yoxypr opyl ene
bl ock polyners, and the |ike can be -

1. 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.
| 2. A chemical reducing solution according to
claim 1, wherein said solution has a pH value of 11.0 or
above.

10 3. A chemical réducihg 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-iomnic.

5. A chemical reducing solution according to
any one of claims 1 to 4, wherein there is used as the water-
soluble organic cdmpoﬁnd a polyéthylene glycol orx
polyethylene glycol alkyl ether.

20 6. A chemicallreducihg solution according to

" ~claim 1 substantially as described in any one of Examples 1
to 4.

7. A process for producing a ﬁnlti-layer
printed circuit board by férming an inner layer circuit

25 béard, then laminating a prepreg or an insulating adhesive

£ilm on the surface thereof, which process comprises, after

4This Sheet Has Been Rep Iacel
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used. her5—tn the invention,,ether-ester type mater-solu

organic pol yoxyet hyl ene- glycerin fatty acid esters,
pol yoxyet mli@ il@mi "m pol ypxyet hyl ene- hydr ogenat ed caster oil,
pol yoxyet fatty acid esters, polyoxyethyl ene-sorbito

fatty acid esters, and the |ike can be used. Further, polyoxyethyl ene
glycol fatty acid esters can be used as anester type wat er - sol ubl e
organi ¢ conpound, and pol yoxyethyl ene-fatty acid am des and

pol yoxyet hyl %at@.lclﬂ”ﬁmaﬁeg.rﬁfﬂ} Wit P h Sodiid, MG &d
wat er - sol ubl e organi ¢ conpounds.
oxide 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 £ilm.

8. - A process for produci#g a multi-layer
printed circuit board by forming an inner layer circuit board
and then laminating a pfepreg or an insulating adhesive f£ilm

10 on the surface thereof, which proceés comprises forming
copper oxide on the surface of a copper-clad laminate board
for formation of inmner layer circuit board, reducing the
copper oxide through contact with a chemical reducing
solutioﬁ as defined in any one of claims 1 to 6, subsequently

15 etching-off the dopper foil 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-layexr printed circuit board produced

by the process claimed in any one of claims 7 to 9.

\
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In t-he practical use, at |east one of these e _organic

conmpounds i s added. Concentration pf Pheaéﬁdkrvvacls ably

0.01 g/liter or above and further preferably f0.05 g/liter or abov@:c.r»\
Res depending on the ki nd" *

Al t hough upper limt of the concentration v
additive, an additive may be added up to the so

additive. If

tion beconmes turbid, and an insoluble matter i s deposited
: ' ABSTRACT

10

mt of the
the anount of additive exceed&lits solubility,

CHEMICAL REDUCING SOLUTION FOR COPPER OXIDE

A chemical reducing solution obtained by using aﬁ
alkali boron ﬁydride as a.reductant and adding thereto as an
additive a water-soluble organic compound having a molecular
weight of 200 or above and a polyoxyethylene chain in the
molecule has merits in that it can reduce copper oxide to
metallic copper while maintain the needle;iike.fo:m of copper

oxide as completely as possible. The reduction can be

-completed in a short period of time by a simple procedure, so

that the chemical reducing solution is successfully usable in

. producing multi-layer printed circuit boards.

[FIG 4(B)]

'\
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on t-he surface to bring about an undesirable result. Lo As has been
menti oned above, a study of the present inventors hp . —ther e
is a definite relation between the increase of red : BEEN | kind
of ~addi tive. Wen polyethylene glycol is ysed as JdREPLAGED: hi gher

nmol ecul ar wei ght gives a higher reducing rate. ' When

wat er - sol ubl e orgqn|§ npoynds havi ng a pol yoxyet hyl ene chain in nolecule
ot her than pol yet hyl en gl ycol are used as the additive, degree of

pol ymeri zation of the pol yoxyethyl ene chain exercises no great influence
upon the reducing rgae, That is, the reduction is nearly |ikew se

accel erated by additiop of any of such conmpounds
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regardl ess of degree of polynerization of pol yoxyethylene chain._

The copper surface treatnent of this invention can be appl e
the pretreatnent of internal- circuits to be subjected ¢ -
adhesion, but also to circuit surface tra83 ment before\t
- 10 - aresist on a printed circuit board, or copper
before adhesion of a flexible substrate and

FIG 3

Z= 817 1. pEG MONO-p- |
p
S 7{ |®NONYLPHENYL ETHER |
e 1O PEG 2000 '
' 6d | ]
Q I
= |
Q !
© |
2 ]
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- i i
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= I 9 i I ]
. - O +5% ! i ! :
000l 005 0.l 05 |
ADDING AMOUNT (g/£)
-
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copper foils in order to inprove the adhesive strength between the copper

foil and a-resin |ayer. A multi-layer printed Wiqu :
be =produced by piling a plurality of the thus treated w r.T’HIQ S°BEEN
havi ng been fornmed internal layer circuits and a plurali th nf gk

obt ai ned by inpregnating a substrate sucdi¥3as paper, gl ass cIoth etc

with a thernosetting resin and drying, alternately, followed by pressmg
w th beating, by 8 nt4((rﬂ met hod o Th| S invention can be
applied to the production of multi- SNy ' mbt ai ned by

adhering internal |ayer wiring boar _'_
copper-clad | am nates, wring boardsj A

FIG. 4(B)

E? ﬁEES EBP\“ K26, 8K 1.56um

/ :
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g60v &2y ~ 5.

circuits thereon and sol der resists; copper clad
| ami nati-ng cBppehe plaswepregs _
boar d% obt ai ne i g copper f'RH|$$HEp_qi HASeH
Thus, a nultl- IrCUIt bdard cpgp A@%p
conpri sing after formation of an i nner—t+eyer—cicuit
oxi de on the surface of the inner layer circuit, reduci
oxi de through contact with a chem cal regducing solutlon
al kali boron hydri df:gn@a V\pt er-sol ubl e organi c conpounld havi

nol ecul ar wei ght of 200 0r ‘above and a pol yoxyethyl ene cfarn in nDIecuIe
and there- after lam nating on the surface thereof a prepreg or an

' lO 9
94 O No ADDITION
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'5_7 PEGI000
54 M PEG2000
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-11- insulating adhesive film Alternatlvely, the nultl-layer
print ed~ei rd'histSheet&-lasl&epRe seed I RO ,

oxi-d&'on the s pper - ql | :
formati on of aH Hm mlmmlcl rcuilt_boaREPLAGEBduci ng t he

t hrough contact w cal reducl g solutton cont aini aﬁ ﬁ kaI [
boron hydride and a water-sol uble orgafiic conpound havi g a (4 o 996

wei ght of 200 or above and a pol yoxygt p)G.eng chain in

81 1_p=G MONG-2-
7 4 ’Now SHENYL ':_r“"R
) PEG2000 |

(MIN.)

- on = ore o
— — gran o e
——n et s GG 4s Gy G ve T e .

|

0 i !

ooo;' aesol o5t
. ADDING AMOUNT (g/2)

REDUCTION COMPLETION
TIME _
- »

[§ 5

NaBH4 : 2.0 g/1
pH _: 12.5 .
Liquid Temperature : 40°C

FIGURE 4




nol ecul e, then etching off the copper foil which ha P ;ide '
not COnSthtt&+4ﬁ}44u;J nner |avpr circuit, . and.t prjgﬂgzggﬂ@ﬂgxd 49 lon the
urface t her eof epreg or gsegﬁfﬁs've Fil.m Mor e
concretel Y, s”"m,em'ﬁ Iﬂr"ﬂ'ﬂ THLSSgHEET A i nveht | oh Sr@&MARNI9P neld |i n
W.

detail belo -cla —pat-e—eah be| obt ai ned by
subj ecti ng one or two sur?aces of coppej f;njs to the surface treatnent
process of this invention; lamnating one or nore surface treated cadpper
foils and one or nore sheets of gl ass calotMy or paper—t npregnated w-th an
epoxy resin, a polytetrafluoroethylene resin or a p¢ﬁ?Lﬂ3§@rNT8ﬂ fr or one
or nore sheets of an epoxy resin, a

1. A themical reducing solution @ﬁgﬂ_gggg;chémically
reducing copper oxide to metalllc copper which comprlses an
alkali boron hydrlde and, as an additive, a water-soluble

5 organic compound having a molecular weight of 200 or above
ond a polyoxyethylene chain in the molecule.

2. A chemical reducing solution according to
claim 1, wherein said solution has a pH value of 11.0 or
above. |

10 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

prlnted circuit board by formlng an inner layer circuit
25 board, then laminating a prepreg or an insulating adhesive

film on the surface therecf, which process comprises, after

—_—
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pol ytetrafl uoroethyl ene resin or a polyimde r

Ianinating one or nore the thus surface treat

an epoxy resin, a polytetrafluoroethylene res dﬁmﬁﬂﬂbly1ﬁﬁ§g 49 iPag ﬂd
El’.)@img(s)anpm@ @t@ ippged 1

subjecting to’ heatlng and pressing treatnfnt tp
havi ng copper |ayers on the outernost
12;7 sur f aces. A copper-clad flexi

- W

Soiptiqns
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CHEMICAL REDUCING SOLUTION FOR COPPER OXIDE

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

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

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

heating metallic copper (literature:

Copper Oxide

Whisker, Kinou Zairyo,_VEI 12, No. 12 (December, 1992y,

or by dipping metallic copper in an alkaline aqueous

solution containing an oxidant such as oxo-disulfate,

chlorite or the like.

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

If such copper oxide can pe.reduced to metallic copper

while maintaining the needle-like form nearly completely,

a powdery copper oxide will give a needle-form'metallic

copper which is expected to be useful as an electro-

conductive filler for use in electroconductive pastes.

‘There is known a'technique for forming a -

needle-form copper oxide on the surface of metallic

copper and improving adhesive force between copper and a

resin by entanglement of the fine needles and the resin. -

This is the replac
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subj ecting one or both surface of copper foil to the surface treatnent
process of this invention; and bonding a flexible resin filmto the
resulting copper foil using an adhesive of epoxy resin or acrylic resin so
"as“to have- copper |layers on the outernosgt _surfaces, wherein the flexible
resin filmis made from polyi mde, polyester, polytetrafluoroethylene,

polysul fone, 701, ol y eﬂcﬂ?ﬁnﬁf@@é akfd OPésistance of tﬁeméltdgiﬁ'ésj.%?é@é{,i ng

board can be obtal ned amnating one or nore copper one or
more  sheet ;4073 Ol A5S1 AP OfediPE thdPESHPALCEx BN ndRdARI o €SI N, a

- pol ytetrafluoroethylene resin or a polyinmde resin or one or nore sheets
of an epoxy gASilic® copper while retaining the needle-like form of

copper oxide as completely as possible, and methods for
such a reduction are disclosed in JP-B-64-8479,
JP-A-176192 and JP-A-1-156479. |

Among these patent gazettes, JP-B-64-8479
mehtions that, if an inner layer circuit boafd is formed
and then copper oxide is formed on the surface of
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-
layer printed circuit board by cérryihg ouf the.above-
mentioned reduction, drying the reduced product and then
laminating the inner layer circuit board thus obtained
with a prepreg.

For the same purpose as above, JP-A-61-176192
discloses a method of using dimethylaminoboraﬁe 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 oxiée in the solutions of which
metallic copper is dipped successively.

From the viewpoint of industrial ﬁechnique{ the
important points in the ;hémical reduction of’coppér
oxide mentioned above consist in that copper oxide must

be reduced to metallic copper while maintaining the

This is the replacement she 3t
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pol ytetrafl uoroethylene resin or a polyimde resin mxed wth glass
fibers, or |am nati.ng one or nore copper foils coated with an epoxy resin,
.a polytetrafluoroethylene resin or a polyimde resin; subjecting to
hedating and pressing treatnment to forn1a300pper-clad | am nate; renoving

I

unnecessary portions fromthe copper foil°of the lanminate by etching to

form i nner chggahgg%gﬂea?Pmt %rfng:log eyg*iﬁﬁf?#%eén@&ﬁ; er foil thus.

treated to t Surface treat ment oCess am nating on
{02 el PRPSRERE, SUBhECENd UGN ke b Ui eEd M REE
epoxy resin, nar;ipgl yectifbl, Uehat! Ryet Pdcttivte’of tHY B {6 s O

be simple, and that the reductant ﬁsed for the reduction

must not be costly. Among these conditions, the lowness

in cost is quite important in an industrial technigue for

mass production.

'Now, when sodium boron hydride is used as a
reductant as disblosed in JP-B-64-8479, characteristic
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 cah progress while nearly completely maintain-
ing the need%e-like fqrm of copper oxide and the reduc-
tion can be completed in a reiatively short period of
time. _ | .

Further, sodium boron hydride is lower in cost
as a chemical agent than other effective boron type
reductants such as dimeﬁhylamineborane.

When sodium boron ﬁydride is used at a pH value
of lower than 11, hbﬁever, its_large portion is consumed |
by a spontaneous decompogition so that sodium boron
hydride is costly as a result.

When sodium boron hydride is used at a pH value
of 11 or above, its éonsumption by spontaneous decomposi-
tion is suppressed to a considerable extent. Unaer such
a condition, however, there remain unsolved problems that

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

This is the replacement she 3t
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- 13 - Jlamnating a sheet of an epoxy resin, a polytetrafluoro- ethylene
resin or a polyimde resin mxed with glass fibers, with repetition of
| am nating to forma nultiple |ayers and a copper foil as an outernost
| ayer; subject- ing to heating and pressing treatnment. to forma | am nated
unit having copper layers on the outernost surfaces; drilling
t hrough-holes in the lamnated unit; nefaﬂlrzing i nner walls of the
throth_hO|eiﬁfgu¥JfﬁngfrE%pper 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
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 ﬁaintaining the needle-like form of copper oxide
nearly completely with 5 high rate of reduction and with
a relatively small extent of spontaneous decomposition.
Next, in the method of using sodium boron
hydride and formaldehyde as réductants and dipping copper
oxide in solutions of the two reductants successively,
sodium boron hydride caq;be used at a high pH value
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,
_formaldehydé used for completely reducing copper oxide to
metallic copper is quite inexpensive as compared with
other reductants. However, this method is disadvantage-

ous in that it uses two kinds of reductants and the

process is too long.

SUMMARY OF THE INVENTION

Iﬁ is an object of the present invention to
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

Thbistherepbcementsheét
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unnecessary portions fromthe outernost copper |layers by etching to form
circuits. Further, a flexible wring board can be obtained by
bonding a copper foil to a flexible resin filmusing an adhesive of epoxy
resin or acrylic resin to forma copper-clad flexible film renoving

unnecessary portions fromthe copper foig Dby etching to forminner :
circuits on an inner |layer; subjecting the copper foil thus treated to the

surface treajxidd 48 osempleételi s poesibilenandyd ikoadidixior] exi bl e resin
filmfromwhich unnecessary portions for connection are renoved to the

t hus treat edsimplranecitis bgesatisfdesathes condiftionsx thatedith aan acrylic
resin, wherein the flexible resin film
reduce copper oxide in a short period of time by 2 simple
procedure and that the reductant used for the reduction
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
metallic copper containiﬁé 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 chain in molecule.

The present ipvention further provides a
proceés for producing a multi-layer printed circuit board
which comprises, after formation of an inner layer
circuit board, forming copper oxide on the suiface of the
inner layer circuit, 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 polyoxy-
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-thé surface of a

copper-clad laminated board for use in the formation of

This is the replacement she 3t -
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I's made from polyi mde, polyester, polytetrafluoro- ethylene, polysulfone,
or polyether ether ketone. The resin layers can be used in the
formof a prepreg, film curtain coat, etc. As the resin, there can be
used thernposetting resins such as epoxy resins, polyimndes, etc.;

t her nopl astic resins such as polytetra- -fuaroet hyl ene, polysul fones,

pol yet her et her ket ones, - 14 -

E;]yether|n1d%i ither layer circﬁ%%“boéfﬁiFiéﬁﬁ@inénﬁﬁétbeﬁpbi biklidat r at ed
through contact with a chemical reducing solution

containing an alkali boron hydride and a water-soluble
organic compound having a molecuiar weight of 200 or

above and a polyoxyethylene chain in molecule, then

etching off the copper foil which has formed copper oxide
not qonstituting the inhér layer circuit, and thereafter

laminating on the surface thereof a prepreg or an

insulating adhesive film.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph explaining the effect of the
invenﬁiOn, wherein the relation between pH value of
reducing solution and reducing rate is illustrated by
using molecular weight—of additive as a parameter;

Fig. 2 is a graph explaining the fuhction of
the invention, wherein relation between pH value of
reducing solution énd-reducing rate is illustrated by
using degree of polymerization of additive as a
parametér; |

) Fig. 3 is a graph explaining the function of
the invention by showing the relation between the amount
of additive and reduciﬁg rate;

Fig. 4(A) is a microscopic photograph
illustrating the state of the surface of reduced metal
according to Comparative Example of the invention using a
reducing solution containing.no additive; and

Fig. 4(B) is a microécopic photograph
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way of the follow ng Exanpl es. Exanmple 1 A copper-cl ad

| am nate board having a thickness of 0.2 nmwas imersed for 3 mnutes in
an aqueous solution containing 40 g/liter of sodium hydroxide and having
a liquid tenperature of 50[err]C for the sake of alkali-defatting, and

t hen washed with water. Subsequently, £h® +am nate board was i mersed in
an - aqueous solution containing 100 g/liter of ammoni um peroxodi sulfate
and havi ng aililystaatdimgetheustatie 4f ahd Gurface af wadnedsd mgtakt ching
of the surface, and then washed with water. Subsequently, the |am nate
boar d was according to one Example of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

After extensive studies, the present inventors
found that the problems mentioned above can be solved by
using an alkali boron hydride as a chémical 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 -
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 ﬁydride and the like can be used.

"~ Concentration of the-alkali boron hydride is 0.1 g/liter
or above, and further preferably from 0.5 g/liter td
10 g/liter.
If the concentration of alkali.boron hydride is
~ lower than 0.1 g/liter; the reducing rate is remarkably
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 thé reducing solution becomes
high due to spontaneous décomposition, which is
uneconomical. .
pH value of the aqueous sélution of alkali

boron hydride is preferably 11 or above, from the
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i mersed for 2 mnutes in a copper oxide-treating solution containing 30
glliter.of sodiumchlorite, 30 g/liter of sodiumtertiary phosphate
(Na[err]PQerr].12Herr]O and 20 g/)iter of sodi um hydroxide and having a
lidquid tenpera- ture of 85[err]C to nmake progress an oxidation treatnent
of the copper surface of copper-lined |anTnat® board, whereby a copper
oxide filmwas forned, on tge surfac The treated Ianinate8goard

C . €.
thus obtai ned WEseWBBLiNFnPE RTEVEBTIPD L SRATANSOYS HSFRTRATI HEPB Bbt ain

sanpl es. Supsegquent | reduci ng solutions were prepared by
-di ssol ving 2 g/?;¥3}10$°§aﬂi XP%BPSn hydride as a reductant, adjusting pH

to 10.5, 11'0’ 11.5, 12'QAslghg’water-soluble organic compound having a

| molecular weight of 200 or above and a polyoxyethylene
chain in molecule which can be used as the additive,
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-solublé
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
alkylpﬁenol-formaldehyﬁe dondensates, polyoxyethylene-
polyoxypropylene block polymers, and the like can be
‘used. |

Further( in the invention,, ether-ester type
water-soluble organic compounds such as polyoxyethylene-
glycerin fatty.acid esteré, polyoxyethylene-caster oil,
polyokyethylene;hydrogena;ed 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
an ester type water-soluble organic ¢Ompougd, anq”
polyoxyethylene-fatty acid amides ahd polyoxyetﬁylene—
alkylamihes can also be used as nitrogen-containing

water-soluble organic compounds.
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- 15 - 13.0 or 13.5 with sodium hydroxi de, 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 nol ecul ar wei ght of

200, 900, 1,000 and 2,000 were used. After adjusting the I'iquid tenpera-
ture to 40[err]C, the sanple obtained abgve was imersed in each of the
redUC|ng solutions thus obtained to carry out reduction.

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
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. 1If
the amount of additive exceeds itslsolubility, the solu-
tion becomes turbid, and an insoluble matter is deposited
on the'sﬁrface to bring about an undesirable result.

As has been mentioned above, a study of-ﬁhe
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
the additive, a higher molecular weight gives a higher
reducing rate.

Whén water-soluble organic compounds having a
polyoxyethylene chain in molecule other than polyethylene
glycol are used as the additive, degree of polymerization
of the polyoxyethylene éhéin exercises no great influence
upon Ehe reducing rate. That is, the reduction is neatly
likewise acceierated by addition of any of such compounds
regardless of degree of polymerization of polyoxyethylene
chain.

The copper surface treatment of this invention
can be appligd 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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The results are summarized in Fig. 1, wherein reducing rate is expressed
by the period of tinme required for reduction of copper oxide filmto
netal-lic copper. : Fig. 4(A) is a scanning electron nmicroscopic
phot ograph at a nmagnification of 20,000 of a sanple surface which has been
reduced with a reducing solution having=alPfH=-value of 12.5 and contai ni ng
no additive. Fig. 4(B) is a scanning electron m croscopic

phot ogr aph at & reghstient@opranted odgcuitaboaxd,c oxrs onpar WHRERPRAS been
reduced with a reducing solution_ having a pH_ value of 12.5 and contai ning
PEG having a ¥weeatnent hefore adhesion af anfidexiblec substrate and

copper foils in oxrder to improve the adhesive strength
between the copper foil and a resin layer.

A multi-layer printed wiring board can be
produced by piling'a plﬁrali;y of the thus treated wiring
boards having been formed internai layer circuits and a
plurality of prepregs obtained by impregnating a
substrate such as paper, glass cloth, etc., with a
thermosetting resin and drying, alternately, followed by
pfessing 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
copper-clad laminates,HQiring boards having conductor
circuits thereon and solder resists; copper-clad
laminates obtained byllaminating copper foils and

_prepregs; substrates for flexible wiring boards obtained
by laminating copper foils and flexible films, etc.

Thus, a multi-lafgr printed circuit board can
be pr;duced by a process comprising after formation of an
inner layer circuit board, forming copper oxide on the
surface of the inner layef circuit, reducing the copper
oxide through contact with a chemical reducing solution
containing an alkali boron hydride and a water-scluble
organic compqund having a molecular weight of 200 or
above and a polyoxyethylene chain in molecule, and there-

after laminating on the surface thereof a prepreg or an
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Exanpl e 2 In the experlnent of Exanple 1, conposition of

reduci ng solution was altered as fol | ows. . As a reductant., sodi um

~ boron hydride was added in an amount of 2 g/liter. pH value of the '
sol'ution was adjusted to 10.5, 11.0, 11.5, 12.0, 12.5, 13.0 or 13.5 with

sodi um hydr oxi de. To each of the sol uti=odd thus

- 16 - obtained, no additive was added or an additive was added. As the

addi ti ve, PEGnﬂﬂdéténsdeﬁﬂﬁqu(ﬁxﬁﬂxeof pol yner -

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
use in the formation of an inner layer circuit board,
reducing the copper oxi&e ;hrough 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
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.

Mofe concretely, some embodiments of the
present invention are'eiplained in detail below.

A copper-clad laminate can be obtained by
subjecting one or two surfaces of copper foils to the
surface treathent process of this invention; laminatingl

' one or more surface treated;coppér foils and one or more
sheets of glass cloth or paper impregnated with an epoxy
resin, a polytetrafluoroethylene 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
treated copper foils cdated 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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| zation of the PEG was 7, 10, 20 or 50) was used in an anount of 0.25
g/fliter. After adjusting liquid tenpera- ture to 40[err]C, sanple was
i mer.sed in each of the reducing solutions thus obtained to carry out a

reduct i on.

The results are shown_in Fig. 2, wherein the

redu0|ng rate is expressed by the period of 1¢i me reqU|red for reduction of
copper ‘oxi de f|| o netalllc copper. Exanple 3 = - : In the

experiment of
fol | ows.

: conp05|t|on of reducing solution was altered as

As a eductg ﬁéggo#gﬁ%ﬁion h dl’lc e \as o%chaeqxed ”b;?”

anmount of 2 g/liter. pH val 52PBF

subjecting one or both surface of copper foil to the
surface treatment process of this invention; and bonding
a flexible resin film to the resulting copper foil using
an adhesive of epoxy resin or acrylic resin so as to have
copper layers on the outermost surfaces, wherein the
flexible resin film is made from polyimide, polyester,
polytetrafluoroethylene, polysulfone, or polyetﬁer ether
ketone.

A multi-layer wiring board can be obtained by
laminatiﬁg 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
resin or one or more éheets of an epoxy resin, a
polytetrafluoroethylene 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
pressing treatment to forh a copper-clad iaminate;
remov;ng unnecessary portions from the copper foil of the.
laminate by etching to form inner circuits on an internal
layer} subjecting the:eépper'foil thus treated to the
surface treatment process of this invention; laminating
on the resulting copper surface an epoxy.resin,_a
polytetrafluorcethylene resin or a polyimide re;in, or a
glass cloth or paper impregnated with an epoxy resin, a

polytetrafluorocethylene resin or a polyimide resin, or
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adjusted to 12.5 with sodi um hydroxide. Further, as an additive, PEG or
PEG nono- p- nonyl phenyl ether (degree of polynerization of the PEG was 20)
was _.added in a varied anount ranging fromO to 0.25 g/liter. After
adjusting liquid tenperature to 40[err]C, sanple was i mersed in each of
t he reducing solutions thus obtained tol@rry out a reduction. :
The ‘results are shown in Fig. 3, wherein the reducing rate is expressed by
the period Qaminatingoa shietf @f raedepcxn s irpperpedytetiatladro+etal |ic
copper. Exanpl e 4 A copper-cl ad | am nate board having a
t hi ckness 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 1ayer; subject-

ing to heating and pressing treatment to form a laminated

unit having copper lajérs 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

etching to form circuits. |

Further, a flexible wiring board can be

obtained by bonding a copper foil to a flexible resin

fi;m using an adhesive §f epoxy resin or acrylic resin to

form a copper-clad flexible £ilm; removing unnecessarf

portiéns fro; the copper foil by etching to form inner

circuits on an inner i;yer; subjecting the copper foil

‘thus treated to the surface treatment process of this

invention; and bonding a flexible resin f£ilm from which

unnecessary portions for connection are removed to the

thus treated copper surfa?e 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 behuSed in the form of a
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,
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- 17 - of 0.2 mmusing a 35 [err] mcopper foil was prepared by the nethod
of etching. The |am nate board was defatted by dipping the board for 3

m nut.eés in an aqueous solution containing-40 g/lTiter of sodi um hydroxjde
"and having a |iquid téenperature of 50[Leny] G and then washed with water.
Subsequently, the | am nate board was di pped in an aqueous solution

cont ai ni ng 1gglgéthbgimgae%mnyﬂdnnperoxodi- sul fate and having a liquid
tenperature of 40[err]C for the sake of a soft etching treatnent of the
surface, and then Next, the present invention is illustrated by

‘way of the_following Examples.

Example 1 |

A copper-clad léminate board having a thickness
of 0.2 mm was immersed for 3 minutes in an aqueous
solution containing 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.
Subsequently, the laminate bdard waé immersed in an
aqueous solution containing 100 g/liter of ammonium
peroxodiéulfate and having aliiquid temperature of 40°C
for the sake of soft etching of the surface, and then
washed with water.. Subséquently, the laminate board was
immerséd for 2 minutes in a copper oxide-treating
solution containihg 3b g/liter of sodium chlorite, 30
g/liter.of sodium tertiary phosph:ate (NazPO,+12H,0) and 20
g/liter of sodium hydroxide and having a liquid tempera-
ture of 85°C to make progress én.oxidatipn'treatment of
the copper surface of copper-lined laminate board,
whereby a éopper oxide film.was formed on the surface.

The treated laﬁinate board thus obtained was
cut into a size of 10 mm width x 150 mm length to obtain
samples.

Subsequently, reducing solutions wefe prépa:ed
by-dissolving 2 g/liter of sodium boron hydride as a

reductant, adjusting pH to 10.5, 11.0, 11.5, 12.0, 12.5,
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washed with water. Subsequently, the | am nate board was dipped for 2
mnutes in a copper oxide treating solution containing 30 g/liter of
.sodiumchlorite, 30 g/liter of sodiumtertiary phosphate '
(Na[err]PdJerr].12H err]O. and 20 g/liter of sodium hydroxi de and having a
liquid tenperature of 85[err]C to subjer§ 4he copper surface to an :
oxidation treatnment, whereby a copper oxide filmwas forned.
Subsequent | y13iheosabdl & whshrsodiwed hydroxpdeg and furgzheedaddiggsol ution
prepared by dissolving 2 g/liter of sodium boron hydride as a reductant,
adj usting ptheréte nd addisivetoon2td gllitertafsadi addigdvexi dds furt her
adding thereto 2.0 g/liter of PEG having a nvolecular weight of 2,000 as an
addi tive, ansaidjadditive, polyethylene glycols (hereinafter referred
to as "PEG") having a molecular weight of 200, 500, 1,000
and 2,000 were used. After adjusting the liquid tempera-
ture to 40°C, the sample cobtained above was immersed in
each of the reducing solutions thus obtained to éarry out
reduction. |
The results are summarized in Fig. 1, wherein
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 magn;fication of 20,000 of a sample
surface which has been reduced with'a reducing solution
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

ﬁolecu;ar weight of 2,000 as an additive.

Example 2
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
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
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the tenperature of the solution to 40[err]C, after which the sanple was
washed with water. - Subsequently, a prepreg and an outer | ayer
copper foil were superposed on the treated sanple thus obtained, and the
whol e was | ami nated and integrated with Dprgssure and heat under a pressure
of 40 kg/cnferr] at a tenperature of 170[err]C for 90 mnutes. to

prepare a mul tigne iy, MPAdliditive 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-
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 reguired

for reduction of copper oxide film to metallic copper.

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
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 fo 40°C/, sample was immersed in each
of the reducing solutions thus obtained to carry out a’
reduction. |

The results a;e 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.

Example 4

A copper-clad laminate board having a thickness
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Then, on this multi-layer board, the peeling strength of inner |ayer
copper foil at the surface subjected to the reducing treatnent was

" measur ed. As a result, it was found that the peeling 'strength
was 1.1 kgf/cmwhich was a satisfactory yalue a a peeling strength of
I nner | ayer copper foil of a nulti layer printed circuit board.

As has been glesgls el @PONG a2850uAll Bepher! #811PWRSCBirebRYRR! bR tHeher e can

be provided a process for “producing a chemcal reduting solution
si nul taneoushethédtosfetENinge CORE LamifiatBabohid wReTdeFattedubyd

solution can reduce copper. oxide to netallic copper while naintaining the
needl e- i ke dDpping €@stasdi f6ra8 minutes in an agueous solution

containing 40 g/liter of sodium hydroxide and having a
liquid temperature of 50°C, and then washed with water.
Subsequently, the laminate board was diﬁped in an aquéous
‘solution containing 100 g/liter of ammonium peroxodi-
sulfate and having a liquid temperature of 40°C for the
sake of a soft etching ﬁreatment of the surface, and then
washed with water. Subsequently, the laminate board was
dipped for 2 ﬁinutes in a copper oxide treating solution
containing 30 g/liter of sodium chlorite, 30 g/liter of
sodium tertiary phosphate (NasPO,+12H,0) and 20 g/liter of
sodium hydroxide and having a liquid temperature of 85°C
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
PH value of the solution‘to 12.5 with sodium hydroxide,
fu:tger 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.

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/cm? at a
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conpletely as possible, that the reduction can be conpleted in a short
period of time by a sinple proce- dure, and that the reductant used in the
solution is relatively lowin cost; and there can be further provided a
pr.ocess for producing a multi-layer printed circuit board using said

chem cal reducing-sol ution. . 19 -
CLAI M5 - 18 - . |
| " ‘temperature of 170°C for 90 minutes to prepare a multi-

layer board. _
' Then, on this multi-layer board, the peeling

strength of inner layer copper'foil at the surface
subjected to the reduciné treatment was measured.

| As a result, it was found that the peeling
strength was 1.1 kgf/cm which was a satisfactory value a
a peeling strength of inner layer copper foil of-a multi.
layer printed circuit beoard.

As has been described above, according to the
present invention, there can be provided é process for
producing a chemical reducing solution simultaneously
satisffing the conditions that the chemical reducing
solution can reduce copper oxide to metallic copper while
maintaining the needle-iike form of copper oxide as

'completely as possible, that the reduction can be
completed 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_ﬁhere can be further provided
a process for producing,a multi-layer printed circuit

board using said chemical reducing solution.
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1. A chenLQaL_LQQQQLﬂ9_§%%Ution when used chenmically reducing copper

oxide to netallic copper i ch conprises an al kali boron hydride and, as

- san addi tJmmmmr"m organi ¢ conpound having a nol ecul ar wei ght of
200 or uﬂWﬂu yet hyl ene chain in the nol ecul e. 2.

A chemical® rédutiny sblution according to claim1, wherein said solutlon

‘has a pH value of 11.0 or above. 19 - 3 A chem cal reducing
solution according to claim1l or 2, wherein the concentration of said
wat er - sol ubl e organic conpound is 0.01 ghlisiMy or above. 4.

A cheni cal reducing solution according to any one of clains 1 to 3,
wherein said water-sol uble organic

1. A themical reducing'solution when used chemically
reducing ccppef oxide to metallic copper which comprises an
alkali boron hydride and, as an addiﬁive, a water-soluble

- organic compound having'a molecular wgight of 200 or above
and a peolyoxyethylene chain in the molecule.

2. A chemical reducing solution according to
claim 1, 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-scluble
organic compound is 0.01 g/litexr or above.

4, A chemical reducing solution accordinmg to

'~ any one of claims 1 to 3, wherei; said water-soluble organic
compound is nén-ioﬁic. |

5; A chemical reducing solution according to
any one of c¢laims 1 to 4, wherein there is used as the water-
soluble organic compound.a pBlyethylene glycol or
polyethylene glycollalkyi.ether.

6. A chemical reducing solution according to

" claim 1 substantially as.aescribed in any one of Examples 1
to 4.

7. A process:for producing a multi-layer
printed circuit board by forming an inner layer circﬁit
board, then laminating a prepreg or an insulating adhesive

£ilm on the surface thereof, which process éomprises, after
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_\K\
A chenical reduci ng sol ution

conpound | .

accor di ng HEBMJ”HPI n 1to 4 wherein there is used as the water-
sol-uble organl% [(Xo) pol yet hyl ene glycol or- polyethylene glyco

al kyI et her. : A chem cal reducing solution according to '
claim1 substantially as descrl bed in any one of Exanples 1 to 4.

7. - A process for producing a multi-layer printed circuit board by

form ng an inner layer circuit board, t Jamnating a prepreg or an
insulating adhesive filmon the surface ereof, which process conpri ses,

after " formation of an inner circuit on a board, forming copper
oxide 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
thereafter laminating on the surface thereof a prepreg or an
insulating adhesive film.

8. A proéess for producing a multi-layer
printed circuit board by forming an inner layer circuit board
and then laminating a prepreg or an insulating adhesive £ilm
on the surface thereof, which proceés comprises forming
copper oxide on the surféce of a copper-clad laminate board
for fo;mation of inner layer circuit boﬁrd, reducing the
copper oxide through contact with a chemicél reducing
solutioﬂ as defined in ahy-oné of claims 1 to 6, subsegquently
etching off the copper foil forming the copper oxide not
constituting the inner layer circuit, and then laminating on
the surface thereof a prepreg or an insuiating adhesive £ilm.

9. A proceae.acéording to claim 7 oxr 8
substantially as illustrated in Example 4.

i10. A multi-layer printed circuit board produced

by the process claimed in éhy one of claims 7 to 9.
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- 20 - formation of an inner circuit.on a board, form ng copper oxide on
the surface of the.,inner circuit, reducing the copper oxide through
.contact with a chem cal .reducing solution as defined in any one of clains
1 to 6 and thereafter lamnating on the surface thereof a prepreg or an

i nsul ating adhesive film 8. A process for producing a .
multi-layer printed circuit board by fogpiag an inner |layer circuit board

ABSTRACT
CHEMICAL REDUCING SOLUTION FOR COPPER OXIDE

A chemical reducing solution obtained by using an
alkali boron hydride as a reductant and adding thereto as an
additive a water-soluble organic campoﬁnd having a molecular
weight of 200 or above and a polyoxyethylene chain in the
molecule has merits in that it can reduce copper oxide to
metallic copper while ﬁaintain the needle-like form of copper
oxide as compietely as possible. The reduction can be
completed in a short period of time by a simple procedure, so
that the chemical reducing solution is successfully usable in

producing multi-layer printed circuit boards.

[FIG 4(B)]
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and then lam nating a prepreg or an insulating adhesive film on the
surface thereof, which process conprises form ng copper oxide on the
surface of a copper-clad | ami nate board for formation of inner |ayer
circuit board, reducing the copper oxide through contact with a cheni cal
reduci ng “sol ution as defined in any one of clains 1 to 6, subsequently-
etching off the copper foil formng the copper oxide not ‘constituting the

i nner layer circuit, and then | am nating on the surface thereof a prepreg
or an |nsulat|ng adgeﬁ gf fq . A process according to
claim?7 or subst ly*as illustrated |n Exampl e 4. 10. A
mul ti-Iayer prlnted circuit board produced by the process clained in any
one of clains 7 to 90 -
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NaBH4 : 2.0 g/l
pH ¢ 12.5
Liquid Temperature : 40°C
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