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The present invention relates to a process for

electroplatlng a nonconductive surface, and, more
particularly, to a process_forudirectly electroplating a
conductive metal to the inner walls of’through—holes in
printed-wiring boards. |

In printed-wiring boards such as.double~sided boards
and multilayer boards, through-holes are provided in the
substrate. The inner.halls cf the through-holes are
electroplated with a conductive metal 'in order to secure
conductivity’among the circuits.

As a method of electroplatiﬁg the nonconductive
rnner walls of through-holes, Shortt et al. dlsclose a
'method of electroplatlng after making the through-hole
inner walls with electro-conductive by the application of
particles of silver, copper, graphite, or the like (usp

'3,163,588). Ih this method, however, defects such as
pinholes are created in the plated iayer of the through—
hole inner wall, when the excess of conductive layer has
been removed. This inner wall must be re-electroplated,
which not only makes the process complicated, but also it
cannot be applled at all to ‘the manufacture of the
reliable high denSLty pr;nted-wxrlng boards currently

required.
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i hner wal I's el ectro-conductive by the application of particles of silver,

-~copper,

graphite, or the like (US- A-3163588). In this nmethod, however,

~defects such as pinholes are created in the plated |ayer of the
‘through-hole inner wall, when the excess of conductive |ayer has been
_removed. This .inner wall must be re- el ectropl ated, which not only nmakes
the process conplicated, but also it?2 tannot be applied at all to the
manufacture of the reliable high density printed- wiring boards currently

_required.

- 2Ragaviekgket cal a} . in rthen i auamian P Hsav@radal

drawbacks of graphite as a conductive layer fo;
electrdplating, indicaﬁe thét.graphite prqvides only
weakly attaéhed elecﬁroplated conductive metal and
produces electroplated through ~holes with uneven
diameters. Radovsky et al. also indicate that graphlte
itself possesses only a small electric'resistance (USP
3,099,608). | | |

At the present'tiﬁe, electroless copper plating is
applied as the metal plating of through;holé inner wall.
However, electroless copper élating has the following
drawbacks; (1) it requires a comparatively long period of
time, (2) a number of baths must be monitored all the
time during the plating process (required-components must
be supplied to each bath and sufficient care must be
taken so that the baths are not contaminated with

components used in the preceding steps, because the baths

are extremely sensitive to contamination), (3) a number

of washing baths aré needed, consuming a g;eat_quantity
of water for washing; and (4) waste water disposal is
expensive. |

As a method for electroplating without using the
electroless copper plating having these drawbacks,
Randolph et al. pro?ose a method of eleqtroplating after_
forming a carbon black layer by_applying a dispersion of

carbon black having an average diameter of less than
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fdrambacks of graphite as a conducti.ve |layer for electroplating, indicate
“that graphite provides only weakly attached el ectropl ated conductive net al

and produces el ectropl ated through-holes with uneven di aneters.

al .

also indicate that graphite itself possesses only a smal

Radovsky et
el ectric

~resi stance (US-A-3099608). At the present tine, electroless copper plating
is applied as the netal plating of through-hole inner wall. However,
el ectrol ess copper plating has the toll ow ng drawbacks; (1) it

al |
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the ti uarin the n ocess (required conponents,

requires a
be nonitored
nmust be

suppli ed t gueagheBakh and %Hﬁ:fth‘éke%r{ﬁ%& et bR14 EPS bkt he baths

are

layer a graphite layer by applylng a dispersion of

graphite having an average diameter of less than about

1.5 pm and a surfactant (USP 5,139,642). This method

requires formation of two layers, a carbon black layer

and a graphite layer, as base layers for electroplating,

resulting in complicated processes and-increased cost.

The present inventors have undertaken extensive

studies and have found that a method of electroplating a

conductive metal over a nonconductive surface, especially

over the through-hole inner wall of printed-Wiring board,

can afford higher reliability than the method of

providing two layers, a carbon black layer and a graphite

layer, as base layers for electroplating, and can achieve

the object at a lower cost.

Accordingly, an object of the present invention

is

" to provide a process for eléctroplating a nonconductive

surface comprising,

 providing an aqueous dispersion containing graphite

with an average particle diameter of 2 um or less and a

binder (hereinafter referred to as "specific graphite

aqueous dispersion"),

-applying the specific graphite aquequs dispersion

over a nonconductive surface to attach graphite
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cont-am nated w th conponents used in the preceding steps, because the baths
—-are extrenely sensitive to contamination), (3) a nunber of washing baths
are needed, consuming a great quantity of water for washing, and (4) waste
wat er di sposal is expensive. As a nethod for electroplating wthout using
-the el ectrol ess copper plating having these drawbacks, Randol ph et al.
propose a nethod of electroplating Y ter formng a. carbon bl ack | ayer by
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electroplating using the graphite layer as a -
- conductlve layer.
| Another object of the present invention is to
provide a process for electroplating a through-hole inner
wall of a printed-wiring board which comprises,

providing the specific graphite aqueous dlsperSLOn,

applying the spec1f1c graphiteé aqueous dispersion
over a surface of a substrate with conductive metal
layers laminated over the surface thereof and through-
holes provided therethrough, to attach graphite
particles, thus forming a graphite layer,

removing the graphite layer attached to the surface
of the conductive.metal.layers by etching these metal
layers for a thickness of 0.01 to 1.8 pm, and

electroplating using the graphite layer as a
conductive layer.'

In the process of the present invention, the
specific graphite equeous-disperSion is first applied
oVerIthe nonconductive surface to be electroplated to
attach graphite particles and form a graphite layer.

The graphite particles are super fine particles with
an average diameter of 2 um or less, preferably 1 um or
less, and more preferably 0.7 um or less. If the average
diameter is greater than 2 um, not only the conductivity

is lowered, but also the attachebility of a conductive
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and‘a surfactant, and further form ng over this carbon black |ayer a.
“graphite layer by applying a dispersion of graphite having an average
di-aneter of |ess than about 1.5 [err]mand a surfactant (US-A-5139642).
This method requires formation of two | ayers, a carbon black |ayer and a
~graphite | ayer, as base layers for electroplating, resulting in conplicated
processes and increased cost. The present inventors have undertaken
extensive studies and have found a nmethod of el ectroplating a through-hole

inner wall %f?a% Rl HeP LidtidapiRand tehicad aancahtiaedibeobarraeki ability
than the metho of providing two |ayers, a carbon black |ayer and a
graphite | .. as base | ayers for electroplating, and can achieve the
.object at a | ower cost. :

The amount of graphite particles in the specific

' graphite aqueous dispersion is preferably less than 6% by weight (%
by weight is Hereinaffer simply referred to as %), and more
preferably 2% to 5%. If ﬁhis amount is greater than 6%,
the attachability of a conductive metal to be
electroplated to the nonconductive surfacé is poor; if
less than 2%, the graphite particle density in the
graphite layer is too small fér the material to be

- sufficiently conductive.

Either.organic ér indrganic.binders can be used as
the binder for preparing the specific graphite aqueous
‘dispersion. Ihorganic_binders, for example sodium
silicate and potaésium silicate, are preferred in order
to’firmly attach the graphite particles to the inside of
the through-holes.

The amount of binder contained in the specific
graphite aqueous dispersion is usually in the range of
0.05 to 5%. If the amount of the binder is too great,
eonductivity and film-forming capability afe decreased.

Incorporation of a water-soluble polymer, such as
carboxymethyl celluLoSe, starch; and gum arabic, is
preferable for promoting'stability of the specific

graphite aqueous dispersion. Furthermore, the specific
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Accordingly, the present invention provides a process for electroplating a
“through-hole inner wall of a printed-w ring board which conpri ses,
.provi di ng an aqueous di spersion containing graphite with an average
‘particle dianmeter of 2 [err]mor |ess and a binder (hereinafter referred to
-as "specific graphite aqueous dispersigan”), applying the specific graphite
~agueous di spersion over a surface of a substrate wth conductive netal

| ayers Iamgﬂabﬁﬂtevsquébﬁssaiégésasmn ds preferdibbncad fustgh-fwl es provi ded

.t her et hrough, "to.
about pH 9-13 by the addltlon of ammonia, sodium
" hydroxide, or potassium hydroxide; The addition of
ammonia is particularly preferred. Furthér, it is
desirable to add an anionic surfactant of carboxylic
acid-type, polycafbdxylic_acid-type, or the like in order
to increase the attéchabiiity.

In preparing the specific graphité aqueoﬁs
dispersion, wet pulverization, dispersion, and
classification are preferably emplbyed for improving
dispersion stability and narrowing the size distribution
of the graphite particles.

Factors generally required for paints are the
capability of wetting the substrate, sufficient fluidity
to produce a uniform film, the exhibition of good
attachability when drying, and the capability of
reserving a continuoﬁs and complete film.: These
characteristics aré required also for the specific
graphite aqueous disperéion to form a graphite layer in
the through-hole interﬁal walls. The use of the specific
graphite aqueous dispersion having these characteristics
produces a uniform graphite film in the through-hole
internal walls and ensures formation of a'metallic layer
which is ffee from defects by electroplatingf

There are no specific limitations as to the method

for forming a graphite layer over a nonconductive
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attach graphite particles, thus formng a graphite layer, renoving the
--graphite |l ayer attached to the surface of the conductive netal |ayers by

etching these metal layers for a thickness of 0.01 to 1.8 [err]m and

el ectroplating using the graphite | ayer as a conductive layer. In the
—process of the present invention, the specific graphite aqueous di spersion

is first applied over the nonconductlv surface to be electroplated to

attach graphite particles and forma graphite layer. The graphite particles

S SR ol AR hthod L MBS
the averagg,di AR :!c (HabRite taq%goas[giglag}sﬂgﬁ 89&).‘ LRhe
h | nonconductive surface_by spraying, dipping, or coating,
and then removing the dispersion medium by air-blowing or
placing in an oveh..
A conductive metal is then electroplated using the
graphite layer as a conductive layer.
There are no spec1f1c limitations as to the method
of electroplating. For example, the electroplatlng can
be carried out at a normal temperature and 1.5 to 3 A/dm?
for 60 to 90 minutes in a common electroplating bath.
There are also no specific limitations to the conductive
metel used for the electroplating. Copper and nickel are
given as examples.

The process of the present invention can be applied
to electroplating of various nonconductive materials.' It
is particulariy useful for electroplating through-hole
inner walls of pfinted—wiring boards made of, for
example, paper-based phenol reein copper laminated
boards,.glaSSAbased epoxy resin copper laminated boards,'
composite copper laminated boards, polyimide eopper
laminated boards, fluerine—containing resin copper
laminated boards, and- copper laminated boards for
flexible circuits. Since attachablllty using the

electroplating method of the present invention'is

——
—
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conductivity is lowered, but also the attachability of a conductive

~metal to be electroplated to the nonconductive surface is poor. The anount
of graphite particles in the specific graphite aqueous di spersion is
preferably | ess than 6% by wei ght (% by wei ght i.s hereinafter sinply
referred to as %, and nore preferably_2%to 5% I|f this amount is greater
than 6% the attachability of a conducfive metal to be el ectroplated to the

densi Ty i n e AR rodurso curiy porschel BhATMeRE e ' ©
reliable electroplatlng over even internal walls of
through-holes, called viaholes, which are holes with a
diameter of 0.3 to.0.5'mm.

Typical steps adopted for applying electroplating
using the process of the present invention over throﬁgh-
hole internal walls of a printed-wiring board are now.
illustrated taking the case where elecfroplating is
performed over through-hole.internal_walls of a substrate
with copper foilé laminated over the surface thereof (a
glass-based epoxy resin copper laminated board).

(1) Washing of substrate surface

This is a treatment to clean the through-hole inner
wﬁlls, and comprises washing the board with a weék
alkaline solution.of about pH 9-12 containing an_ahionic
surfactant such as a phoSphofic“acid_ester at 35-65°C for
about 20 to 60 seconds and rinsing with water.

(2) Conditioning treatment

This is a tréatment to accelerate attaghment of
graphite particles to the cleaned through-hole inner
walls, and normally comprises treating with a weak
alkaline solution of”about pH 9-12 containing a cationic
éurfactant of polyamine-type, polyamide-type, or the like’
at 20-60°C for about 20 to 60 seconds, and rinsing with
water. |
(3) Application of graphite particle
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sufficiently conductive. Either organic or inorganic binders can be used as
-the binder for preparing the specific graphite aqueous dispersion.

I norgani ¢ binders, for exanple sodiumsilicate and potassiumsilicate, are
preferred in order to firmly attach the graphite particles to the inside of
the through-hol es. The anount of binder contained in the specific graphite
aqueous dispersion is usually in the 4gange of 0.05 to 5% If the anount of
the binder is too great, conductivity and filmform ng capability are

‘decreased. | ncorppeskieornal baavat k- §9éu§$§cg@&awgiapnaxéléguéwu@oxyngthyl
cellulose, starch, and gumarabic, is preferable for pronoting stability of
the SpeCifHCis@Ea%Bh.bhe aguRalsyYi apepeie0°C ot habomt e30 tte Hpecific
- seconds. | |
(4) Removal of aqueous medium |
‘The board is blown with air at 30-60°C for about 30
to 90 seconds.
(5) Microetching
This is a step for remdving the graphite layer on
the coéper surface. Among the graphite lafer attached to
the copper surface and that attached to the non-
conductive surface in the through-hole inner walls, the
former decreases attachability of the conductive metal to.
be electroplated to the copper surface and impairs the
conductivity between the copper surface and the
conductive metal. Fér-this reason, the graphite layer on
the copper sufface must be removed.. In this treatment,
graphite particles are removed by etching the copper
- surface bgneath the graphite layer without effecting any
action on the graphite itself._ This treatment can be
carried out, for example, by dipping the substrate in an
etching solution dflthe sulfutic'acid—hydrogen peroxide
type at a temperature of 20-30°C to etch to an |
approximate thickness of 0.0i-1.8 pm, preferably 0.1-1.2
pﬁ, followed by washihg and drying. If the depth of

etching is less than 0.01 um, graphite particles remain
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- 6- -graphite aqueous dispersion is preferably adjusted to about pH 9-13 by
~the addition of anmonia, sodium hydroxide, or potassium hydroxide. The
addition of ammonia is particulariy preferred. Further, it is desirable to
-add an anionic surfactant of the carboxylic acid-type, polycarboxylic
-~acid-type, or the like in order to ipf%ease the attachability. In preparing
the specific graphite aqueous dispersfon, wet pulverization, dispersion,

2 el O G PRl LAl LA deochela!

the conductiv1ty between the copper and the graphite
layer on the nonconductive surface is lost and
electroplate voids tend to be produced.

(6) Electroplating

Electroplating can be carried out under conditions
of normal temperature and at’'1l.5 to 3 A/dm?2 for'60-90
minutes in a common electroplating bath.

Electfoplating with a exceptionally high reliability
can be performed if the above steps (2)-(4)Iare repeated,
in which case these steps are carried out in the order of
(1), (2), (3), (4), (2), (3), (4), (5) and (6).

It is possiblé_to combine said step (1) (washing of
substrate surface) and step (2) (conditioning treatment).
In this instance,'the board may be_treated with a weak
alkaline solution of about pH 9-12 containing a cationic
surfactant of polyamine-type, polyamide—type, or the like
and a solvent such as eﬁhanolamine 20-60°C ‘for about 20
to 60 seconds and rinsed with water.

Other features of the invention will become apparent
in the course of the following description of the
exemplary embodiments which are given for illustration df
the invention and:are hot intended to be limiting

thereof.
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of the graphite particles. Factors generally required for. paints are the
-capability of wetting the substrate, sufficient fluidity to produce a
uniformfilm the exhibition of good attachability when drying, and the
capability of producing a continuous and conplete film These
-.Characteristics are required al so for Hpﬁ speci fic graphite aqueous

di spersion to forma graphite layer in the through-hole internal walls. The

use of the specific graphite aqueougpggﬁﬁﬁéfion havi ng t hese

characteristics produces a uniform filmin the through-hole
I nt er nal mglls ?ndlensures formation of a netallic layer which is free from
def ects by EPER ?oplating. There are no specific limtations as to the '

_method for fornyng,a.0raphif eyl 2YSE QYF cchd MUY WH Ia¢f insulating
layer of glass impregnated with epoxy resin and copper
foils with é thickness of 35 um laminated on both sides
of the insulating léyer, provided with about 960 through-
holes with a diameter of 0.3 to 0.8 mm was processed as
follows. |

The substrate was dipped into a solution consisting

of 0.5% caﬁiohic surfactant, 1.0% of amine, and water (a
cleaner con&itioner) at 45?C_fdr 40 seconds, followed by
washing with water. .The substrate was then dipped into a
graphite dispersioh.éonsisting of 4% of graphite
particles having an'average particle diametér of 0.4 um,
0.5% of carboxymethyl cellulose, 0.5% of sodium silicate,
1% of a catibnic surfactant, and water, adjusted to pH
10, at 25°C for 60 seconds, followed by blowing air at

_ 40°C for 45 seconds to remove a dispersion medium. The
substrate was again dipped into the éleaner conditioner
at 25°C for ;O seconds and washed, then into the graphite
dispersion at 259C for 60 seconds, followed by blowing
air at 40°C for 45 seconds to rgmove-the diépersion
medium. To perform microetching, this substrate was
dipped into a liquid comprising sulfuric acid_and
hydrogen peroxide (CA-90: trademark, a ptoduct of MEC

Co.) at 25°C for 20 seconds, followed by washing with
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-7-.surface. An exanple of a preferable nethod is to apply the specific
- graphi te aqueous di spersion over the nonconductive surface by spraying,

di pping, or coating, and then renoving the dispersion nedium by air-blow ng
or placing in an oven. A conductive netal is then electroplated using the
~graphite |layer as a conductive layer. There are no specific limtations as
to the nethod of electroplating. For_.,exanple, the electroplating can be
‘carried out at a normal tenperature and 1.5 to 3 Aldnferr] for 60 to 90

m nutes |nw%t%%ngg 8&%&%&°p'8555 bats removed to a thickness of 1

um by this microetching treatment.

Next, electfoplating.was performed using the
substrate under conditions of normal teﬁperature-and at 2
aA/dm? for 90 minutes using a conventional copper plating
bath. o |

As a result of a backlight test, it was found that a
uniform copper electroplated layer had been provided over
the walls of the through-holes and there were no voids in
any through-holes, including those having a comparatively
large a diameter of 0.6 to 0.8 mm and those having a
small diameter of 0.3 to 0.5 mm. Further, the'adhesion
was evaluated by the £herma1-stress test (conforming to
JIS C 5012, except that solder at a temperature of 260-
265°C was used instead of oil and the test was carried
out at 10 cycles) to confirm that there was no
electroplated copper.released from the through-hole
walls.

‘Example 2 |

The same sﬁbstfate as used in Example 1 was treated
-and electroplated in the same manner as in Exampie 1,
except that the content of graphite particles in the
graphite aqueous dispersion was 3.0%.

The electroplated substrate was evaluated ;n the

same manner as in Example 1 to confirm that the substrate
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"There are also no specific limtations to the conductive netal used for the
“el ectropl ati.ng. Copper and nickel are given as exanples. The process of the
present invention is particularly useful for electroplating through-hole
inner walls of printed-wiring boards nmade of, for exanple, paper-based
‘phenol resin copper |an nated boards,-ig ass-based epoxy resin copper

| am nat ed boards, conposite copper | am nated boards, polyimde copper

am nat o0 BRB" et AUAEADCoSanL b ol oL on cORDErEd i i b SSUS?RS
the el ectrapbaki-ndagBENadtal nbheopagesent ahpventowgh+isoles,
including those having a small diameter of Q.3 to 0.5 mm.
Alsc, no release of electrdplated copper from the walls
of the through-holes was found as a result of the
adhesion test. |
Example 3

A substrate was treated and élecfroplated in the
same manner as in Example 1, except that a graphite
dispersion consisting of 3% of graphite particles having
an average particle diameter of 0.4 pm, 0.5% of potassium
silicate, 1% of a cationic surfactant, and water, and
adjusted to pH 10, was used.

The electroplated substrate was evaluated in the
same manner as in Example 1 to confirm that the.substrate
was excelleﬁtly electroplated with a uniform thickness
copper layer with no voids in any through-holes,.
including those having a small diameter of 0.3 to 0.5 mm.
Also, no release of electroplated copper from walls of
through-holes was found as a result of the adhesion test.
Example 4

A substrate was treated and elecﬁrcplated in the
same manner as in Exémple 1, exceﬁt.that a graphite
dispersion containing 4.5% of graphite particles having
an average particle diameter of 0.5 um was used.

The electroplated substrate was evaluated in the
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-excéllent, it can produce evenly attached .and highly reliable
“el ectroplating over even internal walls of through-holes, called viaholes,
which are holes with a dianeter of 0.3 to 0.5 mm Typical steps adopted for
applying el ectroplating using the process of the present invention over
~through- hole internal walls of a printed-wiring board are now illustrated
taking the case where el ectropl ati ngiigs performed over through-hole
internal walls of a substrate with copper foils lam nated over the surface
-t hereof (asghasmahnasedaspixyExasple Chppe rcdraiima ttdeh th ddred )substratis hi ng of
substrate surface This is a treatnment to clean the through-hole inner -
“wal | s, andwasnprcetientipi ebecteopbatret with & wadlform thickness
_ copper layer with no voids in any through-holes,
including those having a small diameter of 0.3 to 0.5 mm.
Also, no release of electroplated copper from the walls
of the through-holes was found as a result of the
adhesion test.
Comparative Example 1

A substrate was treated and electroplated in the
same manner as in Example 1, except that a graphite
dispersion containing 3.0% of graphite particles having
an average particle diameter of 3 um was used.

The electroplated substrate was evaluated in same
manner as in Example 1. Voids were found in about 70% of
the through-holes having a diameter of 0.6 to 0.8 mm and
in almost all through-holes having a diameter of 0.3 to
0.5 mm. The adhesion test was carried out on through-
holes having a diameter of 0.8 mm or larger. Copper
electroplated inside the holes had peeled off, revealing
that the product was unacceptable. |
Comparative Example 2

A substrate was treated and electroplated in the
‘'same manner as in Example 1, except that a graphite

dispersion containing 4.5% of graphite particles having

an average particle diameter of 3 pum was used.
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-al Kal i ne solution of about pH 9-12 containing an anionic surfactant such as
“a phosphoric acid ester at 35-65[err]C for about 20 to 60 seconds and
-rinsing with water. (2) Conditioning treatment This is a treatnment to

‘accel erate attachnment of graphite particles to the cleaned through-hole
~inner walls, and normally conprises t{gating with a weak al kaline solution
.of about pH 9-12 containing a cationi-c surfactant of polyam ne-type,

- pol yani de-type, e Hladddep1ated0stBLeratE 85 abarhagldt on6Baseconds, and
~rinsing with water. (3) Application of graphite particles

manner as in Example 1. Voids were found in about 50% of

through-holes having a diameter of 0.6 to 0.8 mm and in

almost all through-holes having a diameter of 0.3 to 0.5

mm. The adhesion test was carried out on through-holes

having a diameter of 0.8 mm'or larger. Copper

electroplated inside the holes had peeled off, revealing

that the product was unacceptablé. |

These results éhows that according to the process of
the present invention copper-can be excellently
electroplated with strong adhesion to the through-hole
walls as compared with the case where a graphite aqueous
dispersion containiné graphite particles having an
average diameter bf-larger than 2 um is used.

As illuétrated above, the process of the present
invention ensures reliable electroplating on
nonconductive surfaces at a low cost; This.process is
highly reliable and can be applied with advantage
especially to multi-layered, small'diameter printed-

wiring boards.
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-9- Imrerse the board in the specific graphite aqueous dispersion,
normal |y, at 20-60[err]C for about 30 to 90 seconds:—{4)-Renoval__of aqueous

medi um The board is blown with air at 30-60[err]C ”M,Tﬂmm '
seconds. (5) Mcroetching This is a step for renov Igﬂ Jﬂgil ayer on
-t he copper surface. Anong the graphiteglayer attachéd %oLthe Co surface
and that attached to the non- conductive surface in the through-hole inner
wal I's, the fornmer decreases attachalgramg of the conductive netal to be
.electroplated to.the copper surface and inpairs the conductivity between
”the copper surfate ahdpkbeess for electroplating a nonconductive
surface comprlslng,
providing an aqueous dlsperSLOn contalnlng graphite
with an average partlcle diameter of 2 um or less and a
binder,
applying said graphite aqueous dispersion of
graphite particles 6vet a‘noncqnductiﬁe surface to attach
graphite particles, thus forming a graphite layer, and
electroplating using the graphite layer as a
conductive layer.
2. A process for electroplating a through-hole
inner wall of a printed-wiring board which comprises,_
providing an aqueous dispefsion éontaining'graphite
with an average particle diameter of.2 um or less and a
binder,
applying said aqueoﬁs diépersion of graphite
particles over a Sﬁrface of a substrate with .conductive
metal layers laminated over the surface thereof and
through-~holes provided therethrough, to attach graphite
particles, thus forming a graphlte layer,
removing the graphite layer attached to the surface
of the conductive metal layers by etching these metal
layers for a thickness of 0.01 to 1.8 um, and
electroplating usiné the graphite layer as a
conductive layer. |

is Sheet Has Been Replaced

T




contuctive netal. For this reason, the graphite | ayer on the copper surface
“must be renpved. In this treatnent, graphite particles are renoved by
.etching the copper surface beneath the graphite | ayer without effecting any
‘action on the graphite itself. This treatnment can be carried out, for
~exanpl e, by dipping the substrate in ap; etching solution of the sulfurlc
aci d- hydrogen peroxide type at a tenperature of 20-30[err]Cto etch to the
‘approxi mate thi ckness of 0.01-1.8 PRBsPrAEGrably 0.1-1.2 [err]m fol | owed
-by washing and drying. If the depth™of etching is less than 0.01 [err]m

~graphite PHHICHSS FENBENECTROBIATING NONCONDUCTIVE SURFACE

The invention relates to a process for directly
electroplating a conductive metal to the inner walls of
through-holes in printed-wiring boards. ?he process
comprises steps of providing an aqueous dispersion
containing graphite with an average particle diameter of
2 um or less and a binder; applying said aqueous
dispersion of graphite particles over a surface of a
substrate with conductive metal layers. laminated over the
surface thereof and.th:ough-holes provided therethrough,
to attach graphite éarticles,'thus forming a 'graphite
layer; removing the gréphite layer attached to the
sufface of the conductive metal layers by etching these
metal layers for a thickness of 0.01 to 1.8 um; and
electroplating using the graphite layer as a conductive

layer.

This Sheet Has Been Replaced
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on' t he*copper surface; if overetched in excess of 1.8 [err]m t he %6o5t10 7
conductivity between the copper and the graphite_layer, on themnonconductlve
surface is lost and electroplate voids tend to bg privtuceT: B
El ectropl ating El ectroplating can be carried out: uider:.-condi
tenperature and at 15to:3NdﬂeH]for6090mﬁﬂesd
el ectroplating bath. Electroplating with a exceptlonally'ﬂ;
can be perforned if the above steps (2)-¢4) are repéatedg“’ W
these steps are carried out in the order of (1),i (2), (3), (4) S
(4), (5) and (6). It is possible to conbine said step. (1) (W@§Q] g{ﬁ%z
substrate surface) and step (2) (conditioning trledthenty" Y- HhHEs -ance,
the board nay be treated with a weak

PROCESS FOR ELECTROPLATING A THROUGH-HOLE INNER WALL OF

A PRINTED-WIRING BOARD

The present invention relates to a process for
electroplating a nonconductive surface, and, more
particularly,_to a process for directly electroplating
a conductive metal to the inner walls .of through-holes
in printed-wiring boards.

In printed-wiring boards such as double-gided
boards and multilayex boards, through-holes are
provided in the substrate. The inner walls of the
through-holes are electroplated with a conductive metal
in order to secure conductivity among the circuits.

As a method of electroplating the nonconductive
innexr walls of through-holes, Shortt et al. disclose a
method of electroplating after making the through-hole
inner walls electro-conductive by the application of
'particles of silver, copper, graphite, or the like (US-
A-3163588). In this method, however,-defects such as
Pinholes are created in the plated layer of tﬁe
th;ougb—hole inner wall, when the excess of conductive
layer has been removed. This inner wall must be re;
electroplated, which not only wmakes the process
complicated, but also it cannot be applied at all to

the manufacture of the reliable high density printed-

wiring boards currently required.
| REPLACEMENT SHEET
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al kal irne sol ution of about pH 9- 12 containing a cationic surfactant of

pol yam ne-type, polyam de-type, or the like ani?n*ﬂ“;”?
i

et hanol am ne 20-60[err] C for about 20 to 60 sef# ; LISEY Wit h wat er
O her features of the invention will becone appatent in the_cduise of the
foll ow ng description of. the exenplary enbodi ngn s 2iSEP W9 di ¥en for

illustration of the invention and are not intehded to be |initling thereof.

-11- EXAMPLES Exanple 1 _ -2-

Radovsky et al. in the discussion of several
drawbacks of graphite as a conductive layer for
electroplating, indicate that graphite provides only
weakly attached electroplated conductive metal and
produces electroplated through-holes with unéven
diameters. Radovsky et al. also indicate that graphite
itself possesses only a small electric resistance
(US-A-3099608).

At the present time, electroless copper plating is
applied as the metal plating of through-hole inner
wall. However, electroless copper plating has the
following drawbacks; (1)'it requires a comparatively
long period of time, (2) a number of baths must be
monitored all the time durxring the plating process
(required components must be supplied to each bath and
sufficient care must be taken so that the baths are not
contaminated with components used in the preceding
steps, because the baths are extremely sensitive to
contamination), (3) a number of washing baths are
needed, consuming a great quantity of water for
washing, and (4) waste water disposal is expensive.

As a method for electroplating without using the
electroless copper plating having these drawbacks,
Randolph et al. proéose a method of electroplating
after forming a caibon black layer by applying a

dispersion of carbon black having an average diameter



A‘substrate (10 x 25 cm consisting of an insulating |ayer of glass

i npregnated with epoxy resin and copper foils with a thickness of 35 [err]m
| am nat ed on both sides of the insulating | ayer, provided with about 960

t hrough- holes with a diameter of 0.3 to 0.8 mmwas processed as foll ows.
The substrate was di pped int.o a solution consisting of 0.5%cationic
surfactant, 1.0% of am ne, and water (a cleaner conditioner) at 45[err]C
for 40 seconds, followed by washing w tdgwater. The substrate was then

di pped into a graphite dispersion consisting of 4% of graphite particles
havi ng an average particle dianeter of 0.4 [err]m_ 0.5% of carboxynet hyl
cellul ose, 0.5%of sodiumsilicate, 1% of a cationic surfactant, and water,
adjusted to pfl 1@ssath2B] @boput BommeEGossbendbropghtbadd BENBroWAAd air at

and a surfactant, and further forming over this carbon
black layer a graphite layer by applying a dispersion
of graphite having an average diameter of less than
about 1.5 um and a surfactant (US-A-5139642). This
method requires formation of two layers, a carbon black
layer and a graphite layer, as base layers for
electroplating, resulting in complicated processes and
increased cost.

The present inventors have undertaken extensive
studies and have found a method of electroplating a
through-hole inner wall of a printed-wiring board which
can afford higher reliability than the method of
providing two layers, a carbon black layer and a
graphite layer, as base layers for electroplating, and
can achieve the object at a lower cost.

Accordingly, the present invention provides a
process for‘electroplating a through-hole inner wall of
a printed-wiring board which comprises,

providing an aqueous dispersion containing
graphite with an average particle diameter of 2 um or
less and a binder (hereinafter referred to as "specifié
graphite aqueous dispersion"),

applying the specific graphite agueous
dispersion over a surface of a substrate with
conductive metal layers lamipated, over the surface
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40{err}C for 45 seconds to renove.a di spersion nmedium The substrate was
agai n dipped into the cleaner conditioner at 25[err]C for 40 seconds and
washed, then into the graphite dispersion at 25[err]C for 60 seconds,

foll owed by blowing air at 40[err]C for 45 seconds to renove the dispersion
medi um To perform micraetching, this substrate was dipped into a liquid
conprising sulfuric acid and hydrogen peroxide (CA-90: trademark, a product
of MEC Co.) at 25[err]C for 20 seconds, -&el | owed by washing with -12-
wat er and dryi ng. Copper was renoved to a thickness of 1 [err]mby this

m croet ching treatnent.

thereof and through-holes provided therethrough, to
attach graphite particles, thus forming a graphite
layer,
removing the graphite layer attached to the

surface of the conductive metal layers by etching these
metal layers for a thickness of 0.01 to 1.8 um, and

| electroplating using the graphite layer as a
conductive layer.

In the process of the present invention, the
specific graphite aqueous dispersion is first applied
over the nonconductive surface to be électroplated to
attach graphite particles and form a graphite layer.

The graphite particles are superfine particles
with an average diameter of 2 um or less, preferably 1
pm or less, and more preferably 0.7 um or less. If the
average diameter is greater than 2 um, not only the

conductivity is lowered, but also the attachability of

a conductive _




Next, el ectropl ati ng was perforned using the substrate under conditions of
normal tenperature and at 2 A/dnferr] for 90 m nutes using a conventional
copper plating bath. As a result of a backlight test, it was found that a
uni form copper el ectropl ated | ayer had been provided over the walls of the
t hrough- hol es and there were no.voids in any through-holes, including those:
having a conparatively largé a dianmeter of 0.6 to 0.8 mmand those having a
smal|l diameter of 0.3 to 0.5 mm Further, the adhesion was eval uated by
the thermal stress test (conform ng-6e JIS C 5012, except that solder at a

tenperature of 260- 265[err]C was used instead of oil ~and thg t est
carri ed oumeatall oy @F%W%@h&het REPSORAUCREVE| EBE BﬁFat“Ed copper

rel eased fromthe through-hole
poor.

The amount of graphite particles in the specific
graphite aqueous dispersion is preferably less than 6% by weight (7%
by weight is hereinafter simply referred to as %), and more
preferably 2% to 5%. If this amount is greater than 6%,
the attachability of a conductive metal to be
electroplated to the nonconductive surface is poor; if
less than 2%, the graphite particle density in the
graphite layer is too small for the materigl to be
sufficiently conductive.

Either organic or inorganic binders can be used as
the binder for preparing the specific graphite aqueous
dispersion. Inorganic binders, for example sodium
silicate and potassium silicate, ate preferred in order
to firmiy attach the graphite particles to the inside of
the through-~holes.

The amount of binder contained in the specific
graphite agueous dispersion is usually in the range of
0.05 to 5%. If the amount of the binder is too great,
conductivity and film-forming capability are decreased.

Incbrpoiation of a water-soluble polymer, such as
carboxymethyl cellulose, starch, and gum arabic, is
preferable for promoting stability of the specific

graphite agueous dispersion. Furthermore, the specific
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wal | s.. Exanple 2 The sane substrate as used in Exanple 1 was treated and

el ectroplated in the sane manner as in Exanple 1, except that the content
of graphite particles in the graphite aqueous dispersion was 3.0% The

el ectropl ated substrate was evaluated in the sanme manner as in Exanple 1 to
confirmthat the substrate -13- was excellently electroplated with a

uni form t-hi ckness copper.layer with no_voids in any through-hol es,

i ncludi ng those having a snall dianmetér of 0.3 to 0.5 mm

graphite aqueocus dispersion is preferably adjusted to
about pH 9-13 by the addition of ammonia, sodium
hydroxide, or potassium hydroxide. The addition of
amﬁonia is particularly preferred. Further, it is
desirable to add an anionic surfactant ofﬁthe carboxylic
acid-type, polycarboxylic acld-type, or the like in order
to increase the attachability.

In preparing the specific graphité agueocus
dispersion, wet pulverization, dispetsion, anhd
classification are preferably employed for improving
dispersion stability and narrowing the size distribution
of the graphite particles.

Factors generally required for paints are the
capability of wetting the substrate, sufficient fluidity
to produce a uniform film, the exhibition of good
attachability when drying, and the capability of
producing a continuous and complete film. These
characteristics are required'also for the specific
graphite aqueous dispersion to form a graphite layer in
the through-hole internal walls. The use of the specific
graphite agueous dispersion having these characteristics
produces a uniform graphite film in the through-hole
internal.walls and ensures formation of a metallic layer
which is free from defects by electroplating.

There are no specific limitations as to the method

for forming a graphite layer over a nonconductive
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Al.so, no release of electroplated copper fromthe walls of the

t hrough-hol es was found as a result of the adhesion test. Exanple 3 A
substrate was treated and el ectroplated in the same nanner as in Exanple 1,
except that a graphite dispersion consisting of 3% of graphite particles
havi ng an average particle dianeter of 0.4 [err]m O0.5% of potassium
silicate; 1% of a cationic surfactant, and water, and adjusted to pH 10,
was used. The el ectropl ated substrate_$@s eval uated in the same nanner as
in Exanple 1 to confirmthat the substrate was excellently el ectroplated

T B CASE SRR epabibpafts ftion " o Lppigh ol o5
the specific graphite aqueous dispersion over the
nonconductive surface by spraying, dipping, or coating,
and then removing the dispersion medium by air-blowing or
placing in an oven.

A conductive metal is then electroplated using the
graphite layer as a conductive layer.

There are no specific limitations as to the method
of electroplating. For example, the electroplating can
be carried out at a normal temperature and 1.5 to 3 A/dm?
for 60 to 90 minutes in a common electroplating bath.
There are also no specific limitations to the conductive
metal used for the electroplating. Copper and nickel are

given as examples.

The process of the present invention
is particularly useful for electroplating through-hole
inner walls of printed-wiring boards made of, for
example, paper-based phenol resin copper laminated
boards, glass-based epoxy resin copper laminated boards,
composite copper laminated boards, polyimide copper
laminated boards, fluorine~cont§ining resin copper
laminated boards, and coppér laminated boards for
flexible circuits. Since attachability using the

electroplating method of the present invention is
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Al so,.no rel ease of electroplated copper fromwalls of through-holes was -
found as a result of the adhesion test. Exanple 4 A substrate was treated
and el ectroplated in the sane manner as in Exanple 1, except that a
graphite di spersion containing 4.5% of graphite particles having an average
particle dianmeter of 0.5 [err]mwas used. The el ectropl ated substrate was
evaluated in the - 14 - 'sane manner as in Exanple 1 to confirmthat the
substrate was excellently el ectroplatef-with a uniformthickness copper

| ayer with no vqids in any through-hol es
y excellent, it één proé%ce evenly attached and highly

reliable electroplating over even internal walls of
through-holes, called viaholes, which are holes with a
diameter of 0.3 to 0.5 mm.

Typical steps adopted for applying electroplating
using the process of the present invention over through-
hole internal walls of a printed-wiring board afe now
illustrated taking the case where electroplating is
performed over through~hole internal walls of a substrate
with copper foils laminated over the surface thereof (a
glass-based epoxy resin copper laminated board).

(1) Washing of substrate surface

This is a treatment to clean the through-hole inner
walls, and comprise; washing the board with a weak
alkaline solution of about pH 9-12 containing an anionic
surfactant such as a phosphoric acid ester at 35-65°C for
about 20 to 60 seconds and rinsing with water.

(2) Conditioning treatment

This is a treatment to accelerate attachment of
graphite particles to the cleaned through-hole inner
walls, and nofmally comprises treating with a weak
alkaline solution of about pH 9-12 containing a cationic
surfactant of polyamine-type, polyamide-type, or the like
at 20-60°C for about 20 to 60 seconds, and rinsing with
water.

(3) Application of graphite particles
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i ncl udi ng those having a small dianmeter of 0.3 to 0.5 nm Also, no rel ease
of electropl ated copper fromthe walls of the through-holes was found as a
result of the adhesion test. Conparative Exanple 1 A substrate was treated
and electroplated in the sane manner as in Exanple 1, except that a
graphi te di spersion containing 3.0%of graphite particles having an average
particle’'dianmeter of 3 [err]mwas used. The el ectropl ated substrate was
eval uated in sane manner as in Exanplegl. Voids were found in about 70% of
t he through-hol es having a dianeter of 0.6 to 0.8 nmand in al nost al

t hrough- hol es havineg s dihaMBloaikrdofin0tBet epl@chfimn g¥hphatbesagqesohest was

carried out on through- holes having a dianeter of 0.8 mmor |arger.
Copper dispersion, normally, at 20-60°C for about 30 to 90

seconds.
(4) Removal of aqueous medium

The board is blown with air at 30-60°C for about 30
to Sb seconds,
(5) Microetching

This is a step for removing the graphite layer on
the copper surfaée. Among the graphite layer attached to
the copper surface and that attached to the non-
conductive surface in the through-hole inner wallé} the
former decreases attachability of the conductive metal to
be electroplated to the copper surface and impairs the
conductivity between the copper surface and the
conductive me@al. For this reason, the graphite layer on
the copper surface must be removed. In this treatment,
graphite particles are removed by etching the copper
surface bgneath the graphite layer without effecting any
action on the graphite itself. This treatment can be
carried out, for example, by dipping the substrate in an
etching solution of the sulfuric aCid'hYdrogfﬂ_E?Fffiqe
type at a temperature of 20-30°C to etch to the
approximate thickness of 0.01~1.8 um, preferably 0.1-1.2
pm, followed by washing and drying. If the depth of

etching is less than 0.01 um, graphite particles xremain
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electroplated inside the holes had peeled off, revealing that the product
was unaccept abl e. Conparative Exanple 2 A substrate was treated and

el ectroplated in the sane manner as in Exanple 1, except that a graphite

di spersion containing 4.5%of graphite particles having an average particle
dianeter of 3 [err]mwas used. , -15- The el ectropl ated substrate was
evaluated in same manner as in Exanplgp}. Voi ds were found in about 50% of
t hrough- hol es having a dianeter of 0.6 to 0.8 nmand in al nost al

through-hol £5 Nayvi e AR ;07 0 0¥er8tlndd in excess of 1.8 um,

the conductivity between the copper and the graphite
layer on the nonconductive surface is lost and
electroplate voids tend to be produced.

(6) Electroplating

Electroplating can be carried out under conditions
of normal temperature and at 1.5 to 3 A/dm? for 60-90
minutes in a common electroplating bath.

Electroplating with a exceptionally high reliability
can be performed if the above steps (2)-(4) are repeated,
in which case these steps are carried out in the order of
(L)Y, (2), (3), (4), (2), (3), (4), (5) and (6).

It is possible to combine said step (1) (washing of
substrate surface) and step (2) (conditioning treatment).
In this instance, the board may be treated with a weak
alkaline solution of about pH $-12 containing a cationic
surfactant of polyamine-type, polyamide-type, or the like
and a solvent such as ethanolamine 20-60°C for about 20
to 60 seconds and rinsed with water.

Other features of the invention will become apparent
in the course of the following description of the
exemplary embodiments which are given for illustration of
the inveﬁtion and are not intended to be limiting

thereof.
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mm The adhesion test was carried out on through-holes having a dianeter of
0.8 mmor larger. Copper electroplated inside the holes had peeled off,
reveal ing that the product was unacceptabl e. These results shows that
according to the process of the present invention copper can be excellently
el ectroplated with strong adhesion to the through-hole walls as conpared
wth the€ case where a graphite aqueous_gjspersion containing graphite
particles having an average dianeter of larger than 2 [err]mis used. As
illustrated above, the process of theypupgsggt invention ensures reliable
el ectropl ati ng on nonconductive surfaces at a low cost. This process is
hi ghly rel iggk®1@nd can be applied with advantage especially to
mul ti-layered, small dianeter printed-

A substrate (10 x 25 cm) consisting of an insulating

layer of glass impregnated with epoxy resin and copper
foils with a thickness of 35 um laminated on both sides
of the insulating layer, provided with about 960 through-
holes with a diameter of 0.3 to 0.8 mm was processed as
follows. |

The substrate was dipped into a solution consisting
of 0.5% cationic surfactant, 1.0% of amine, and water (a
cleaner conditioner) at 45°C for 40 seconds, followed by
washing with watexr. The substrate was then dipped into a
graphite dispersion consisting of 4% of graphite
particles having an average particle diameter of 0.4 um,
0.5% of carboxymethyl cellulose, 0.5% of sodium silicate,
1% of a cationic surfactant, and water, adjusted to pH
10, at 25°C for 60 seconds, followed by blowing air at
40°C for 45 seconds to remove a dispersion medium. The
substrate was again dipped into the cleaner conditioner
at 25°C for 40 seconds and washed, then into the graphite
dispersion at '25°C for 60 seconds, followed by blowing

- air at 4Q°C for 45 seconds to remove the dispersion

medium. To perform microetching, this substrate was
dipped into a liquid comprising sulfuric acid and
hydrogen peroxide (CA-90: trademark, a product of MEC

Co.) at 25°C for 20 seconds, followed by washing with
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Wi Ting- boards. -16- CLAIMS 1. A process for electroplating a

t hrough-hol e inner wall of a printed-w ring board which conpri ses,
provi di ng an aqueous di spersion containing graphite with an average
particle dianeter of 2 [err]mor |ess and a binder, applying the agueous
di spersions of graphite particles over a surface of a substrate with
conductive nmetal layers |anmi nated over the surface thereof and

t hrough-hol es provided therethrough, 16 _attach graphite

water and drying. Copper was removed to a thickness of 1
um by this microetching treatment.

Next, electroplating was performed using the
substrate under conditions of normal temperature and at 2
A/dm? for 90 minutes using a conventional copper plating
bath.

As a result of a backlight test, it was found that a
uniform copper electroplated layer had been provided over
the walls of the through-holes and there were no wvoids in
any through-holes, including those having a comparatively
large a.diameter of 0.6 to 0.8 mm and those having a
small diameter of 0.3 to 0.5 mm. Purther, the adhesion
was evaluated by the thermal. stress test (conforming to
JIS C 5012, except that.solder at a temperature of 260~
265°C was used instead of oil and the test was carried
out at 10 cycles) to confirm that there was no
electroplated copper released from the through-hole

+ walls.
Example 2

The same substrate as used in Example 1 was treated
and electroplated in the same manner as in Example 1,
except that the content of graphite particles in the
graphite aqueous dispersion was 3.0%.

The electroplated substrate was evaluated in the

same manner as in Example 1 to confirm that the substrate
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particles, thus formng a graphite layer, renoving the graphite |ayer
attached to the surface of the conductive netal |ayers by etching these
netal |ayers for a thickness of 0.01 to 1.8 [err]m and el ectropl ating

using the graphite layer as a conductive |ayer. 2. A process according to-
claim1l, in which the average particle diameter of the graphite is 1 [err]m
or less. "3. A process according to claim?2, in which the average particle

di aneter of the graphite is 0.7 [err]mot |less. 4. A process according to

T en e M P RELY FRakREBIRAL, gl O Aokl D (1
copper. layer with no wvoids in any through-holes,
including those having a small diameter of 0.3 to 0.5 mm.
Alsq, no release of electroplated copper from the walls
of the through-holes was found as a result of the
adhesion test.

Example 3

A substrate was treated and electioplated in the
same manner as in Example 1, except that a graphite
dispersion consisting of 3% of graphite .particles having
an average particle diameter of 0.4 um, 0.5% of potassium
silicate, 1% of a cationic surfactant, and ‘water, and
adjusted to pH 10, was used.

‘The electroplated substrate was evaluated in the
same manner as in Example 1 to confirm that the substrate
was excellently electroplated with a uniform thickness
copper laYer with no voids in any through-holes,
including those having a small diameter of 0.3 to 0.5 mm.
Also, no release of electroplated copper from walls of
throughéholes was found as a result of the adhesion test.
Example 4

A substrate was treated and electroplated in the
same manner as in Example 1, except that a graphite
dispersion containing 4.5% of graphite particles having
an average particle diameter of 0.5 pm was used.

The electroplated substrate was evaluated in the
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5. ‘A process according to claim4, in which the -17- anount of
graphite particles in the aqueous dispersion is from2%to 5% by weight. 6.
A process according to any preceding claim in which.-the binder in the

graphi te aqueous dispersion is an inorganic binder. 7. A process
according to any preceding ¢claim in which the amount of binder in the
gr aphi t e "aqueous di spersion is fromO0.05 to 5% by weight. 8. A process

according to any preceding claim inmhich the graphite aqueous dispersion
contains a

same manner as in Example 1 to confirm that the substrate

was excellently electroplated with a uniform thickness

copper layer with no voids in any through-holes,

including those having a small diameter of 0.3 to 0.5 mm.

Also, no release of electioplated copper from the walls

of the through-holes was found as a result of the

adhesion test.

Comparative Example 1

A substrate was treated and electroplated in the
same manner as in Eﬁample 1, except that a graphite
dispersion containing 3.0% of graphite particles having
an average particle diameter of 3 um was used.

The electroplated substrate was evaluated in same
manner as in Example 1. Voids were found in about 70% of
the through-~holes having a diameter of 0.6 to 078 mm and
in almost all through-holes having a diameter of 0.3 to
0.5 mm. The adhesion test was carried ocut on through-
holes having a diameter of 0.8 mm or larger, Copper
electroplated inside the holes had peeled off, revealing
that the product was unacceptable.

Comparative Example 2

A substrate was treated and electroplated in the
same manner as in'Example 1, except that a graphite
dispersion containing 4.5% of graphite particles having

an average particle diameter of 3 pm was used.

LerLAL
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wat er : sol ubl e polynmer. 9. A process according to any preceding claim in
whi ch the pH of the graphite aqueous dispersionis from9 to 13. 10. A
process according to claim9, in which the graphite aqueous di spersion
contains amonia to adjust the pH of the dispersion. 11. A process
according to any preceding claim in which the graphite aqueous dispersion
contains an anionic surfactant. 12. Asgr.ocess according to any preceding
claim in which the graphite aqueous di'spersion is applied by spraying,

di ppi ng or coat i fge a8letbLofl S0 St s tRLE ) Nd N v IRERRT kY sdige bl owi ng or

oven-heating. 13. A process according to any preceding claim
manner as in Example 1. Voids were found in about 50% of
through-holes having a diameter of 0.6 to 0.8 mm and in
almost all through-holes having a diameter of 0.3 to 0.5
mm. The adhesion test was carried out on through-holes
having a diameter of 0.8 mm or larger. Copper
electroplated inside the holes had peeled off, revealing
that the product was unacceptable.

These results shows that according to the process of
the present invention copper can be excellently
electroplated with strong adhesion to the through-hole
walls as compared with-the case where a graphite agqueous
dispersion containing graphite particles having an
average diameter of larger than 2 um is used.

As illustrated above, the process of the present
invention ensures reliable electroplating on
nonconductive surfaces at a low cost. This process is
highly reliable and can be applied with advantage
espeéially to multi-layered, small diameter printed-

wiring boards.
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ln whi.ch the electroplating is carried out at a nornal 18 tenperature
and 1.5 to 3. A/dn[err] for 60 to 90 mnutes in an electroplating bath. 14.

A process ac |n 10 any preced|ng claim in whi ;,oie pl at e
has a di anet mm 15. A process acc EBU@EHMEN%\ ﬁ&ﬁ,edlng
claim in whi ers are etched for a |hi o1l2

[err]m 16. proce%s acoo ding to any precedingc aQrQ SEPWC , §prior
to appllcatlon of the graphite aqueous-16-

CLAIMS

1. A process for electroplatiné a through-hole

inner wall of a printed-wiring board which comprises,

providing an agueous dispe;sion containing
graphite with an average particle diameter of 2 um or
legs and a binder,

applying the aqueocus dispersions of graphite
particles over a surface of a substrate with conductive
metal layers laminated over the surface thereof and
through-holes provided therethrough, to attach graphite
particles, thus forming a graphite layer,

removing the graphite layer attached to the
surface of the conductive metal layers by etching these
metal layers for a thickness of 0.01 to 1.8 um, and

electroplating using the graphite layer as a
‘conductive layer.

2. A process according to claim 1, in which the
average particle diameter of the graphite is 1 um or
less.

3. A process according to claim 2, in which the
average particle diameter of the graphite is 0.7 um or
leés. |

4. A process according to any preceding claim,
in which the amount of graphite particles in the
aqueous digpersion is less than 6% by weight.

5. A process according to claim 4, in which the
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ing step. 18. A process accoildi-ng to clai
conditioning step includes rinsing after%

19. A process for electroplating a through- hole I nner maIT

I ng board,_the q{ocess bei ng
amount of graphite partlcles in the agqueous dispersion

is from 2% to 5% by weight.

6. A process according to any.preceding claim,
in which the binder in the graphite agqueous disﬁersion
is an inorganic binder.

7. A process according to any preceding claim,
in which the amount of binder in the graphite agueous
dispersion is from 0.05 to 5% by weight.

8. A process according to any preceding claim,
in which the graphite aqueous dispefsion contains a
water-soluble polymer.

9. A process according to any preceding claim,
in which the pH of the graphite aqueous dispexrsion is
from 9 to 13. -

10. A process according to claim 9, in which the
graphite aqueous dispersion contains ammonia to adjust
the pH of the disgpersion.

11. A process according to any preceding claim,
in which the graphite aqueous dispersion contains an
anionic surfactant.

12f A process according to any preceding claim,
in.which the graphite aqueous dispersion is applied by
spraying, dipping or coating and the dispersion medium
then removed by air-blowing or oven-heating.

13. A process according to any preceding claim,

in which the electroplating is carried out at a normal

of a



substantial ly as hereinbefore descr.i bed in exanples 1 '-19 20
printed-w ring board havi ng el ectropl ated t hr ough- hgfgsTiR mre=] !
board being. el ectroplated_by a process according to}
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temperature and 1.5 to 3 A/dm2 for 60 to 90 minutes in
an electroplating bath.

14. A process according to any preceding claim,
in which the through-hole plate has a diameter of 0.3
to 0.5 mm. |

15. A process according to any preceding claim,
in which the metal layers are etched for a thickness of
0.1 to 1.2 um.

16. A process according to any preceding claim,
in which, prior to application of the graphite agqueous
dispersion, the substrate is conditioned by treatment
with a weak alkaline solution containing a cationic
surfactant and, subsequent to the application of the
graphite aqueous dispersion, the aqueous medium is
removed. ‘

17. A process according to claim 16, in which the
conditioning, graphite aquecus dispersion application
‘and aqueous medium xemoval steps are repeated prior to
the graphite. layer removal step and the electroplating
step.

18} A process according to c¢laim 16 or 17, in
which the or each conditioning step includes rinsing
after the conditioning treatment.

19. A process for electroplating a through-hole
inner wall of a printed-wiring board, the process being

substantially as hereinbefore described in examples 1
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20, A printed-wiring board having electroplated

through-hole inner walls, the board being electroplated

by a process according te any of claims 1 to 19.




ABSTRACT

PROCESS FOR ELECTROPLATING NONCONDUCTIVE SURFACE

The invention relates to a process for directly
electroplating a conductive metal to the inner walls of
through-holes in printed-wiring boards. ?he process
comprises steps of providing an aqueous dispersion
containing graphite with an average particle diameter of
2 um or less and a binder; applying said aqueous
dispersion of graphite particles over a surface of a
substrate with conductive metal layers laminated over the
surface the;gof and through-holes provided therethrough,
to attach graphite particles, thus fo:ming a ‘graphite
layer; removing the graphite layer attached to the
surface of the conductive metal layers by etching these
metal layers for a thickness of 0.01 to 1.8 um; and
electroplating using the graphite layer as a conductive

layer.
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