
EP 0 244 535 B1 Description I. Field of the Invention 5     This invention
relates to a process for preparing a non-conductive substrate for
electroless plating. In particular, this Invention relates to a process,
for preparing the through hole walls of a printed wiring board (PWB) for
electroless plating. 2. Description of Related Art 10 For the past quarter
century the printed wiring board Industry has relied on the electroless
copper deposition process to prepare through hole walls in printed wiring
boards for electroplating. These plat- ed through hole walls are necessary
to achieve connections between two metal circuit patterns on each side of a
printed wiring board or, In addition to this, between the inner layer
circuit patterns of a multilay- 15   er board. The electroless deposition
of copper onto the through hole walls typically consists of precleaning a
PWB and then processing according to the following flow diagram: 20 25 30
35 40 45 50 55 60 65 2    EP 0 244 535 B1 [err] 20 25 30 35 45 50   These
processed boards may also be photolmaged before the electroplating process.
Typically, the de- posited copper layer on each through hole wall is about
1 [err] 0.2 mil (25.4 [err] 5.1 [err]) thick. Conventional electroless
processes have several commercial disadvantages. They require a rela-
tively long process time. The multiple treatment baths have complex
chemistry which may require con- stant monitoring and individual
Ingredients which may require separate replenishment. The palladium/in 55
activator and the electroless copper also may require expensive waste
treatment. Furthermore, these electroless process baths may be very
sensitive to contamination. Finally, the multiplicity of rinse baths may
require large amounts of water. Prior to the electroless method of plating
through holes, graphite was e mployed to prepare the walls of the through
holes for plating. For example, U.S. Patent US-A 3 099 608, which issued to
Radovsky et al 60   on July 30, 1963, teaches a process for preparing the
through hole walls of printed circuit boards for electroplating by
initially depositing in said through holes a thin electrically
non-conductive film of palladi- um metal in at least a semi-colloidal form.
The patent discloses that graphite had been used previously as a conductive
layer for electroplating thereon. See column 1, lines 63-70 and column 4,
line 72 to column 5, line 11. These patentees noted several defects with
that graphite process including lack of control of 65 3    EP 0 244 535 B1
the graphite application, poor deposit of the resultant electroplated
metal, non-uniform through hole di- ameters, and low electrical resistance
of the graphite. 



U.S. Patent US-A 3 163 588, which issued to Shortt et al on December 29,
1964, also mentions that graphite or its equivalents may be employed to
render through hole walls of electric circuit boards con- 5   ductive for
later electroplating metals thereon. See column 3, line 45 to column 4,
line 2. Separately, graphite has been employed in numerous processes for
preparing a non-conducting mate- rial for a metal coating or plating. For
example, U.S. Patent US-A 409 096, which issued to Alois Blank on August
13, 1889, teaches a process for applying copper to asbestos roofing
material which comprises first applying powdered plumbago (graphite) in a
volatile liquid such as varnish to the surface of the as- 10   bestos, then
evaporating the volatile liquid to coat the asbestos fibers with fine
particles of plumbago. The plumbago coated asbestos sheets are then
immersed In a copper electroplating solution and electric current is
applied to the coated asbestos sheet to form a thin film of copper thereon.
The copper coated sheet is then immersed in a bath of molten metal such as
tin, lead, or zinc, and Is then removed from the molten bath to effect
solidification of the molten metal. The resulting metal coated asbestos
sheet is de- 15  scribed as being relatively flexible, a non-conductor of
heat and substantially fireproof. U.S. Patent US-A 1 037 469, which Issued
to Goldberg on September 3, 1912, and U.S. Patent US-A 1 352 331, which
issued to Unno on September 7, 1920, disclose processes for electroplating
non-con- ducting materials by first coating the non-conducting material
with wax, then coating the wax with a slurry of finely divided particles of
graphite or other metal, followed by electroplating of the dust-coated sur-
20  face with copper or other metal. Neither of these processes are
particularly suitable for use in coating the hole walls of circuit boards
because the holes are normally extremely narrow in diameter and immers- ing
In wax would tend to plug the hole and prevent coating the hole walls with
an electroplating material. U.S. Patent US-A 2 243 429, which Issued to
Laux on May 27, 1941, discloses a process for electro- plating a
non-conductive surface by "graphiting" a thin layer onto the non-conducting
surface followed 25   by applying a copper layer electrolytically and
"finally a further electrolytic deposit of another metal is placed thereon.
Separately, carbon black formulations have been employed as conductive
coatings for non-conduc- tive materials. For example, U.S. Patent US-A 4
035 285, which issued to Saunders on July 12, 1977, dis- closes conductive
paint compositions containing both graphite and carbon black along with
air-hardena- 30    ble binder. These paints are suitable for application to
the walls of a building for use as a heating element. U.S. Patent US-A 4
090 984, which issued to Lin et al on May 23, 1978, teaches a
semi-conductive coating for glass fibers comprising (a) a polyacrylate
emulsion; (b) electrically conductive carbon black dispersion and (c) a
thixotropic gelling agent. The conductive carbon black dispersions employed
are those comprising electrically conductive carbon black dispersed In from
about 3 to about 4 percent by 35   weight of a suitable dispersing agent.
U.S. Patent US-A 4 239 794, which issued to Allard on December 16, 1980,
teaches dispersing a con- ductive carbon black in a latex binder with a
selected dispersing agent, then impregnating this carbon black dispersion
into a non-woven fibrous web followed by drying any residual water, leaving
a thin coat- ing of carbon black dispersed on the surfaces of said fibers.
40     There is a need at the present time for a more reliable and less
expensive preparative process for electroless plating of non-conductive
surfaces. In addition, there is a need for an improved electroless plating
technique for applying uniform continuous metal surfaces on the through
hole walls of printed wir- ing boards to provide more effective electrical
contact between the conducting layers of the printed wir- ing board. 45
Brief Description of the Invention The present Invention provides a process
for electroless plating a conductive metal layer to the sur- face of a
non-conducting material which comprises: 50 (a) preparing a liquid
dispersion of carbon black comprising: (1) carbon black particles having an
average particle diameter of less than about 3.0 pm in said disper- sion;
(2) a dispersing amount of a surfactant which is compatible with said
carbon black; and 55     (3) water or polar organic solvent as a liquid
dispersing medium, wherein the amount of carbon black is from 0.1% to 4% by
weight of said liquid dispersion; (b) applying said liquid dispersion to
the surface of the non-conducting material; (c) separating more than about
95% by weight of said liquid dispersing medium from said carbon black
particles, whereby said particles are deposited on said non-conductive
surface In a continuous layer; 60   and (d) electroless plating a
continuous conductive metal layer over the deposited carbon black layer and
said non-conductive surface. 



For many applications, it is preferred to later electroplate a second
substantially continuous metal lay- er over the surface of the first
substantially continuous conductive metal layer made by the electroless 65
technique. 4    EP 0 244 535 B1 The present invention therefore further
provides a process for electroplating the walls of through holes in a
laminated printed wiring board characterized by the features of claim 5.
Preferred embodiments of the Invention are described in claims 2-4 and 6-9.
The process of this invention is particularly useful for applying a
conductive metal surface such as 5   copper to the non-conducting portions
of through hole walls of printed wiring boards. These printed wir- ing
boards are usually comprised of a non-conductive layer (e.g. epoxy
resin/glass fiber mixture) posi- tioned between two conductive metal layers
(e.g. copper or nickel plates or foils) or a multiplicity of said
alternating layers. Applying a conducting metal layer over said
non-conducting portions of said through hole walls electrically connects
the conductive metal layers. However, the process of this invention is 10
effective for electroless plating a conductive metal onto the surface of a
non-conducting material of vir- tually any shape or surface area. The
invention also extends to apparatus including a printed wiring board
prepared by the process of the Invention. 15   Description of the Preferred
Embodiments As previously stated, one preferred embodiment of the present
invention is preparing the through hole walls of a printed wiring board for
the application of an electroless plated layer of copper over a
non-conducting layer separating two plates or foils of copper. This
preparation process entails placing a selected liquid carbon black
dispersion over the non-conducting portions of the through hole walls be-
fore electroless plating. The liquid carbon black dispersion is a complete
replacement for the preactiva- for step, the Pd/Sn activator and the
accelerator step in the electroless process. Although copper is generally
used as the electroless plating metal in printed wiring boards, those
skilled in the art will recog- nize that other metals such as nickel, gold,
palladium, silver and the like can also be electroless plated by 25  the
process of this invention. Printed wiring boards (also known as printed
circuit boards) are generally laminated materials com- prised of two or
more plates or foils of copper, which are separated from each other by a
layer of non- conducting material. The non-conducting layer or layers are
preferably an organic material such as an epoxy resin impregnated with
glass fiber particles. However, the non-conducting layer may also be com-
30   prised of thermosetting resins, thermoplastic resins, and mixtures
thereof, with or without reinforcing materials such as fiberglass and
fillers. Suitable thermoplastic resins include the acetal resins; acrylics,
such as methyl acrylate; cellulosic resins, such as ethyl cellulose,
cellulose acetate cellulose propionate, cellulose acetate butyrate, cellu-
lose nitrate, and the like; chlorinated polyethers; nylon, polyethylene;
polypropylene, polystyrene; sty- 35   rene blends, such as acrylonitrile
styrene co-polymers and acrylonitrile-butadiene-styrene (ABS) co- polymers;
polycarbonates; polychlorotrifluoroethylene; and vinyl polymers and
co-polymers, such as vi- nyl acetate, vinyl alcohol, vinyl butyral, vinyl
chloride, vinyl chloride-acetate co-polymer, vinylidene chloride and vinyl
formal. Suitable thermosetting resins include alkyl phthalate, furane;
melamine-formaldehyde; phenol formal- 40   dehyde and phenol-furfural
co-polymer, alone or compounded with butadiene acrylonitrile co-polymer or
acrylonitrile-butadlene-styrene (ABS) co-polymers; polyacrylic esters;
silicones; urea formaldehydes; epoxy resins, polyimides, alkyl resins,
glyceryl phthalates; polyesters; and the like. In many printed wiring board
designs, the electrical pathway or pattern requires a connection between
the separated copper plates at certain points in the pattern. This is
usually accomplished by drilling holes 45   at the desired loations through
the laminate of copper plates and the nonconducting layer and then
connecting the separate metal plates. The hole diameters of printed wiring
boards generally range from between about 0.5 and about 10 millimeters in
diameter, and preferably from about I to about 5 millimeters. After
drilling these through holes, it may be desirable to deburr the holes to
make the board surface relatively smooth. In the case of multilayer printed
wiring boards, it may also be desirable to subject the 50   boards to a
desmear or etchback operations to dean the inner copper interfacing
surfaces of the through holes. Suitable preparative operations include any
or all of the presently available conventional operations. Once the
surfaces of through holes have been made relatively smooth for plating, it
is preferred to 



subject the PWB to a precleaning process In order to place the printed
wiring board in condition for re- 55   caiving the liquid carbon black
dispersion of this invention In one preferred pre-cleaning operation, the
printed wiring board is first placed in a cleaner/conditioner bath for
about 5 minutes at a temperature of about 60C to remove grease and other
impurities from the hole wall surfaces In this embodiment, one preferred
cleaner/conditioner is comprised of monoethanolamine, a nonlonic surfactant
and ethylene glycol in water. A suitable cleaner/conditioner formulation Is
sold under the product name "ENDURA- 60   PLATE Cleaner/Conditioner 102" by
Olin Hunt Specialty Products, Inc. of West Paterson, New Jersey. After the
application of the cleaner/conditioner, the PWB is subsequently rinsed in
water to remove excess cleaner/conditioner from the board. Next, it may be
desirable to clean the outer copper surfaces. This may be accomplished by
immersing the board In a sodium persulfate microetch solution or an aque-
ous sulfuric acid solution or both. A suitable persulfate microetch
solution is "ENDURA-PLATE MICRO- 65   ETCH 601" which is available from
Oiin Hunt Specialty Products, Inc. of West Paterson, New Jersey. It 5    EP
0 244 535 B1 is preferably combined with sulfuric add to form a microetch
bath which contains 200 g of sodium persul- fate per liter and 0.5% by
volume sulfuric acid. Neither the sodium persulfate microetch or the
sulfuric acid solution is known to effect the epoxy/ glass fiber surfaces
or portions of the through holes of the PWB. It should be recognized that
none of the above-mentioned hole drilling or precleaning operations is 5
a critical feature of the present invention. Any and all conventional
equivalents to these operations may be used instead. The process-of the
present invention encompasses the preparation of a precleaned PWB for
electro- plating according to the following flow diagram: 10 [err] 1s 20 25
30 The liquid carbon black dispersion of the present Invention is first
applied to or contacted with the cleaned PWB. This dispersion contains
three critical ingredients, namely, carbon black, one or more sur- 35
factants capable of dispersing the carbon black and a liquid dispersing
medium such as water. The pre- ferred method of applying the dispersion to
the PWB include immersion, spraying or other methods of ap- plying
chemicals used In the PWB industry. A single working bath is sufficient for
applying this carbon black dispersion; however, more than one bath may be
used for rework or other purposes. In preparing this liquid dispersion, the
three critical ingredients and any other preferred ingredients 40   are
thoroughly mixed together to form a stable dispersion. This may be
accomplished by subjecting a con- centrated form of the dispersion'to ball
milling, colloidal milling, high-shear milling or ultrasonic tech- niques.
The thoroughly mixed dispersion is later diluted with more water while
agitating to the desired con- centration for the working bath. The
preferred method of mixing is ball milling a concentrated form of the
dispersion In a container having glass mineral or plastic beads therein for
a period of about 1 to about 24 45   hours. This thorough mixing allows for
the carbon black particles to be intimately coated or wetted with the
surfactant. This mixed concentrate is then mixed with water or some other
liquid dispersing medium to the desired concentration. The working bath is
preferably kept agitated during both the diluting and ap- plying steps to
aid in keeping the dispersion stable. As stated above, the carbon black
particles should have an average particle diameter below about 50   3 [err]
while in the dispersion. It is desirable to have this average particle
diameter of carbon black as small as possible to obtain the desired plating
characteristics of substantially even plating and no plating pullaway. It
is preferred that the carbon black particles have an average particle
diameter from about 0.1 to about 3.0, more preferably from 0.2 and about
2.0, [err] when in said dispersion. The term average particle diameter" as
employed herein in both the specification and claims refers to average mean
diame- 55  ter of the particles (the average by number). The average mean
diameter in the dispersion may be deter- mined through the use of either a
NiComp Model 270 submicron particle sizer (Version 3.0) or a HIAC PA-720
automatic particle size analyzer (both available from the HIAC/ROYCO
Instrument Division of Pacific Scientific of Menlo Park, CA). All types of
carbon blacks may be used for this invention including the commonly
available furnace 60   blacks. However, it is preferred to utilize carbon
blacks which are initially acidic or neutral, i e. those 



which have a pH of between about I and about 7.5 and more preferably
between about 2 and about 4 when slurried with water. Carbon black
particles of the preferred type contain between about I and about 10
percent by weight of volatiles and have an amorphous structure. In
contrast, graphite particles used to plate through 85 6    EP 0 244 535 B1
holes as mentioned in U.S. Patents US-A 3 099 608 and US-A 3 163 588 are
relatively pure carbon in crystalline form and have no effect on pH in an
aqueous solution. When graphite particles are used as a replacement for the
carbon black particles of this invention, the undesirable plating
characteristics men- tioned in U.S. Patent US-A 3 099 608 would likely
occur. 5     These preferred carbon black particles are also very porous
and generally their surface areas are from between about 45 to about 1100,
and preferably between about 300 and about 600, square meters per gram by
the BET method (method of Brunauer-Emmett-Teller). Illustrative carbon
blacks suitable for use of this invention Include Cabot XC-72R Conductive,
Cabot Monarch 800, Cabot Monarch 1300, all manufactured by Cabot
Corporation of Boston, MA. Other suit- 10  able carbon blacks include
Columbian T-10189, Columbian Conductex 975 Conductive, Columbian CC-40-
220, and Columbian Raven 3500, all available from Columbian Carbon Company
of New York, NY. Mon- arch 800 and Raven 3500 are the two most preferred
carbon blacks because of their ease of dispersion and low pH. The term
"liquid dispersing medium as used herein in the present specification and
claims includes wa- 15  ter and polar organic solvents (both protic and
aprotic). Suitable protic polar organic solvents may in- clude lower
alcohols [err] such as methanol, ethanol, isopropanol and isobutanol;
polyhydric alcohols such as glycols (i.e. triethylene glycols);
ether-alcohols such as cellosolve; organic acids, such as for- mic acid and
acetic acid; acid derivatives such as trichloroacetic acid; and sulfonic
acids such as meth- ane sulfonic acid. Suitable aprotic polar organic
solvents include aldehydes such as acetaldehyde; 20   ketones such as
acetone; aprotic aromatic solvents such as toluene and mineral spirits;
aprotic halogen- ated hydrocarbons such as dichlorofluoromethane and
dichlorodifluoromethane (FREON); dimethyl- formamide (DMF);
N-methylpyrrolidone; dimethylsulfoxide (DMSO); and esters of carboxylic
acids such as methylformate, ethylacetate and cellosolve acetate. The
preferred liquid dispersing medium is water because of cost and ease of use
considerations. It is preferred to utilize deionized water which is free 25
of lime, fluorine, iodine and other impurities normally found in tap water,
in order to minimize interference of foreign ions during the subsequent
electroplating step. In addition to the water and carbon black, a third
critical ingredient is needed in the dispersion, namely, a surfactant
capable of dispersing said carbon black in said liquid dispersing medium
(i.e. compatible with said carbon black and liquid dispersing medium). One
or more of these is added to the dispersion in order 30  to enhance the
wetting ability and stability of the carbon black and permit maximum
penetration by the car- bon black within the pores and fibers of the
non-conducting layer. Suitable wetting agents include anion- ic, nonionic
and cationic surfactants (or combinations thereof such as amphoteric
surfactants). The sur- factants should be soluble, stable and preferably
nonfoaming In the liquid carbon black dispersion. In general, for a polar
continuous phase as in water, the surfactants should preferably have a high
HLB 35   number (8-18). The preferred type of surfactant will depend mainly
on the pH of the dispersion. If the to- tal dispersion is alkaline (i.e.
has an overall pH in the basic range), it is preferred to employ an anionic
or nonionic surfactant Acceptable anionic surfactants include sodium or
potassium salts of naphthalene sulfonic acid such as DARVAN No. I (R.T.
Vanderbilt Co.), ECCOWET LF (Eastem Color and Chemi- cal), PETRO M, PETRO
ULF (Petro Chemical Co., Inc.), and AEROSOL OT (American Cyanamid). Pre- 40
ferred anionic surfactants include neutralized phosphate ester-type
surfactants such as MAPHOS 55, 56, 8135, 60A, L6 (Mazer Chemicals Ina). The
most preferable anionic surfactant for a liquid carbon black dispersion is
MAPHOS 56. Suitable nonionic surfactants include ethoxylated nonyl phenols
such as POLY-TERGENT B-series (Oiin Corporation) or alkoxylated linear
alcohols such as POLY-TERGENT SL-series (Olin Corporation). 45    If the
total dispersion is acidic, it is preferred to employ selected anionic
surfactants or cationic sur- factants. An acceptable group of anionic
surfactants would be the sodium or potassium salts of naphtha- lene
sulfonic acid described above. Acceptable cationic surfactants include
cetyl dimethyl benzyl ammo- nium chloride such as AMMONYX T (Onyx Chemical
Corporation); an ethanolated alkylguanidine amine complex such as AEROSOL
C-61 (American Cyanamid); lipocals; dodecyidiphenyl oxide disulfonic acid 



50  (DDODA) such as DOWFAX 2AI (Dow Chemical); a sodium salt of DDODA such
as STRODEX (Dexter Chemical Corporation); and salts of complex organic
phosphate esters. Preferred surfactants include amphoteric potassium salts
of a complex amino acid based on fatty amines such as MAFO 13 and cationic
ethoxylated soya amines such as MAZEEN S-5 or MAZTREAT (Mazer Chemicals
Inc.). Combinations of surfactants may be employed. 55     The amount of
carbon black in the dispersion should be less than about 4% by weight of
the disper- sion, preferably, less than about 2% by weight. it has been
found that the use of higher concentrations of carbon blacks provide
undesirable plating characteristics In the same regard, the solids content
(i.e. all of the ingredients other than the liquid dispersing medium) is
preferably less than 10% by weight of the dispersion, more preferably, less
than about 5.6% by weight. 60     The three above-noted critical components
of the present Invention, namely, the carbon black, liquid dispersing
medium and surfactant, may be employed alone to form a liquid dispersion.
In some situations, it may be desirable to add other preferred
ingredientsto this dispersion. One additional preferred component of the
liquid carbon black -containing dispersion is a strong basic material such
as an alkaline hydroxide. Suitable strong basic materials include alkali
metal hydroxides 65  such as potassium hydroxide, sodium hydroxide, and
lithium hydroxide. Ammonium hydroxide or alkaline 7    EP 0 244 535 B1
earth metal hydroxides such as calcium hydroxide may also be employed, if
desired. Potassium hydroxide is the most preferred strong basic material
The term "alkaline hydroxide is used throughout the descrip- tion and
claims to identify these strong basic materials. Sufficient alkaline
hydroxide may be added to the liquid carbon black dispersion in a
proportion sufficient to increase the pH of the resulting carbon black- 5
containing dispersion to between about 10 and about 14, and preferably
between about 10 and about 12. The alkaline hydroxide may be added to the
dispersion singly or in combination with silica. One pre- ferred type of
silica is fumed silica. One suitable fumed silica is in the form of super
dense particles and is sold commercially under the trademark CAB-O-SIL
MS-7SD by the Cabot Corporation. However, oth- er fumed silica of suitable
bulk density and particle size may be employed. The bulk density of
suitable 10  fumed silica is generally In the range of between about 5 to
about 10, pounds per cubic foot (80.1 to 160.2 [err]. The desired particle
size diameter of the fumed silica is generally in a range of between about
0.005 and about 0.025, and more preferably in the range of between about
0.01 and about 0.015 pm. When employed together, the alkaline hydroxide
reacts in situ with the fumed silica particles to form the corresponding
soluble alkaline silicate. Excess alkaline hydroxide may be present so that
the disper- 15  sion contains both the hydroxide and silicate. Lithium
hydroxide and alkali earth metal hydroxides such as calcium hydroxide
should not be used with silica because resulting silicates precipitate. The
porous nature of the carbon black particles enchances absorption of
alkaline silicate from the liq- uid dispersion. As a result, there is a
relatively high concentration of alkaline silicate in the pores of the
carbon black particles after drying. The presence of alkaline silicate in
the pores appears to enhance 20  the conductivity of the carbon black
particles during the subsequent electroplating step. In an alternative
embodiment of the present invention, the alkaline hydroxide and silica may
be re- placed with a mineral acid. The resulting acidic carbon black
dispersion may be made up of any suitable mineral acid such as HCl, [err]
and the like. [err] should be excluded because of its undesir- able
reaction with copper. Generally, a suitable concentration of acid is about
I Normal. 25     Following is a typical formulation of a suitable aqueous
alkaline dispersion of carbon black showing the general range of
proportions as well as the preferred range of proportions for the various
components: Component             General Range          Preferred Range 30
Carbon Black          0.1-4% by wt.          02-2% by wt Surfacant
0.01-4%                0.05-2% Alkaline Hydroxide    0-1%
0.4-0.8% 35       Fumed Silica          0-1%                   02-0.8%
Water                 balance                balance The liquid dispersion
of carbon black is typically placed in a suitable agitated vessel and the
printed 40   wiring board to be treated is immersed In, sprayed with or
otherwise contacted with the liquid dispersion. The temperature of the
liquid dispersion in an immersion bath is maintained in the range of
between about [err] and about [err] and preferably between about [err] and
about [err], while the pretreated printed wiring board is immersed therein.
The period of immersion generally ranges from about I to about 10, and
preferably from about 3 and about 5 minutes. During immersion, the liquid
carbon black-containing dis- 



45   persion penetrates the holes of the printed wiring board and wets and
contacts the glass fiber as well as the epoxy resin which forms the
components of the insulating layer. The immersed board is then removed from
the bath of the liquid carbon black-containing dispersion and is then
preferably contacted with com- pressed air to unplug any printed wiring
board holes that may still retain plugs of the dispersion. In addi- tion,
excess basic liquid carbon black-containing dispersion is removed from the
face of the copper 50   plates. The carbon black-covered board is then
subjected to a step where substantially all (i.e. over about 95% by weight)
of the water in the applied dispersion is removed and a dried deposit
containing carbon black is left In the holes and on other exposed surfaces
of the non-conducting layer. This may be accom- plished by several methods
such as by evaporation at room temperature, by a vacuum, or by heating the
55   board for a short time at an elevated temperature, or by other
equivalent means. Heating at an elevated temperature is the preferred
method. Heating Is generally carried out for between about 5 and about 45
minutes at a temperature of from about [err] to about [err], more
preferably from about [err] to [err]. To ensure complete coverage of the
hole walls, the procedure of immersing the board In the liquid carbon black
dispersion and then drying may be repeated one or more times. 60     This
drying step yields a board which may be completely coated with the carbon
black dispersion. This dispersion is not only coated on the drilled hole
surfaces, which is desirable, but also entirely coats the copper plate or
foil surfaces which is undesirable. Thus prior to any photoimaging process
all carbon black must be removed from the copper plate or foil surface. The
removal of the carbon black, specifically from the copper surfaces
including, especially, the rims 65 8    EP 0 244 535 B1 of the drilled
holes while leaving the coating intact on the glass fibers and epoxy
surface of the hole walls, may be preferably achieved by the employment of
a mechanical scrubbing operation or a microetch or both. The microetch is
preferred because of ease of use. One suitable sodium persulfate microetch
is "ENDURA-PLATE MICRO-ETCH 601" available from Olin Hunt Specialty
Products, Inc. and referred to 5   above. The mechanism by which this
optional microetch works is by not attacking the carbon black materi- al
deposited on the copper foil directly, but rather to attack exclusively the
first few atomic layers of copper directly below which provides the
adhesion for the coating. Hence, the fully coated board is im- mersed in
the microetch solution to "fiake" off the carbon black from the copper
surfaces into solution in the form of micro-flaklets. These micro-flakelets
are removed from the microetch bath either by fitra- 10  tion through a
pump or via a weir type filter arrangement commonly used in the PWB
industry. The liquid carbon black dispersion, the optional microetch, and
the subsequent optional water rinse are preferably carried out by Immersing
the PWB in a bath constructed of polypropylene or polyvinyl chloride (PVC)
and kept agitated by a recirculation pump or pumped in air. In the case of
a multilayer type board this microetching step is especially advantageous.
Since, after 15  the drying step, not only will the outer copper plates or
foils be coated with carbon black but also the cop- per inner plates or
foils exposed within the holes. Thus, this microetch procedure performs
three very desirable tasks at once: A. It removes all excess carbon black
material adhering to the copper plate or foil or the faces of cop- 20   per
inner plates or foils in a muffilayer hole. B. It chemically cleans and
microetches slightly any copper surface making it a good base for the elec-
troless deposition of copper. The thus printed wiring board is then
immersed in a suitable electroless copper plating bath for apply- 25  ing a
substantially continuous coating or layer of copper on the hole walls of
the non-conducting layer. In a preferred embodiment such a suitable
electroless copper plating bath Is sold under the trademark "ENDURA-PLATE
405" by Olin Hunt Specialty Products, Inc. While this represents a
"high-speed" plat- ing bath, other "medium" and "lowe speed electroless
copper plating baths such as "ENDURA-PLATE 499" and "ENDURA-PLATE 417",
respectively, may be employed with suitable adjustments to process 30
rates. The typical electroless copper plating bath is comprised of the
following components in the following proportions: 35             Component
General Proportions    Preferred Proportions Copper                2.0-2.5
g/liter        2.5 g/liter Sodium Hydroxide      4.0-6.0 gAiter         5.0
g/liter 



Formaldehyde          2.0-6.0 g/liter          2.5 g/liter The electroless
copper plating bath is agitated and heated to a temperature of between
about 55 and about [err] during the electroless plating of copper on the
circuit board. The printed board is retained in the electroless copper
plating bath for sufficient time to provide a sub- stantially continuous
copper layer on the hole walls of between about 40 and about 100
microinches (1.02 46  to 2.54 pm) and preferably between about 80 and about
100 microinches (2.04 to 2.54 [err]). Generally this range of copper
coating thicknesses is obtained after immersion of between about 15 minutes
and about 200 minutes or longer, and preferably between about 20 and about
150 minutes. Other suitable electro- less copper plating conditions may be
employed if desired. The board is removed from the electroless copper
plating bath after the desired thickness of this first 50   copper layer is
achieved, and then washed and dried. The thus treated printed wiring board
Is then preferably Immersed in a suitable electroplating bath for applying
a second copper coating on the hole walls of the non-conducting layer. The
present invention contemplates the use of any and all electroplating
operations conventionally em- ployed In applying a metal layer to the
through hole walls of a PWB. Therefore this claimed invention 55   should
not be limited to any particular electroplating bath parameters. A typical
copper electroplating bath is comprised of the following components in the
following propor- tions (1 oz/gal = 7.5 [err]): 60 65 9    EP 0 244 535 B1
Component             General Proportions     Preferred Proportions Copper
(as metal)     2-2.5 oz/gal            2.25 oz/gal 5             Copper
Sulfate         8-10 oz/gal             9 oz/gal 98% Conc. [err]
23-30 oz/gal             27oz/gal (by weight) Chloride Ion          20-100
mg/l              50 mg/I 10     The electroplating bath is normally
agitated and preferably maintained at a temperature of between about [err]
and about 250C. The electroplating bath is provided with anodes, generally
constructed of copper, and the printed wiring board to be plated is
connected as the cathode in the electroplating cir- cuit. For example, a
current of about 15 amps per square foot (161.3 [err]) is Impressed across
the 15   electroplating circuit for a period of between about 60 and about
90 minutes in order to effect copper plating on the hole walls of the
non-conducting layer positioned between the two plates of copper up to a
thickness of about I mil * 0.2 mil (25.4 [err] 5.1 [err]). This copper
plating of the hole wall provided a current path between the copper layers
of the printed wiring board. Other suitable electroplating conditions may
be employed, If desired. Other electroplating bath compositions containing
other copper salts or other 20   metal salts such as salts of nickel, gold,
palladium, silver and the like may be employed, if desired. The printed
wiring board is removed from the copper electroplating bath and then washed
and dried to provide a board which is further processed by applying
photoresist compounds and the like, as is known in the art for the
preparation of printed wiring boards. It has been found that, even with
excess dwell time in the liquid carbon black bath, the resulting carbon
black coating does not appreciably increase in thickness. This seems to
mean that this is a surface ad- 25  sorption process and once coverage is
attained over the entire surface of the hole profile, no more build up of
material will take place. The process of this Invention in which a copper
layer is electroless plated to non-conducting surfaces provides a number of
unexpected advantages, Including the following: 1. The conventional
employed preactivator, Pd/Sn activator and accelerator as required by the
prior 30 art electroless copper plating procedures are substituted with a
more economical carbon black disper- sion. 2. Fewer procedural steps and
shorter process times are needed as compared to conventional elec- troless
processes. Also, pollution problems with this invention are much less than
those of known elec- troless processes. 3. Common trace ionic contaminants
in the rinse baths have less effect on the liquid carbon black dis- persion
than known electroless processes. Furthermore, process temperature
variations appear to have no effect on it. 



4. A uniform thickness of electroless plated copper on the through hole
walls is better achieved, and 40  type defects or voids in the
electroplated segments are minimized or eliminated. The thermal
characteris- tics of adhesion and physical characteristics of adhesion
within the hole meet, or exceed, IPC specifica- tions. 5. The electroless
plated copper layer is uniformly deposited on the epoxy and glass fiber
components of the non-conducting surface. 6. The liquid carbon black bath
of the present invention has a wide latitude of operable concentrations for
its constituents. Also, the determination of whether the bath still
contains an operable amount of these constituents may be done easily by a
pH titration for basicity and a percent solids content determi- nation. The
following example is presented to define the invention more fully without
an intention of being limit- ed thereby. All parts and percentages are by
weight unless otherwise explicitly specified. Printed Wiring Board
Specifications 55       One laminated coupon was treated by the process of
this invention. This coupon wascomprised of two 35 [err] thick copper
plates secured by pressure fusing to opposite sides to an epoxy resin/glass
fiber layer. This epoxy resin/glass fiber layer was about 1.55 mm thick for
each board. This coupon was about 8 centimeters wide and about 8
centimeters in length. There was about 100 holes, each about 1.0 millime-
ters in diameter, drilled through the copper plates and epoxy resin/glass
fiber layer. 60 EXAMPLE 1 This coupon was prepared for copper
electroplating its through holes by first mechanical scrubbing the surfaces
of the coupon and then immersing It in the following sequence of aqueous
baths (each about 4.0 liters volume) for the indicated times: 10    EP 0
244 535 B1 1. Cleaner/Conditioner (5 minutes) 2. Rinse with Tap Water (2
minutes) 3. Sodium Persulfate Microetch (I minute) 4. Rinse with Tap Water
(I minute) 5     5. 10% by volume Sulfuric Acid (2 minutes) 6. Rinse with
Tap Water (2 minutes) 7. Potassium Hydroxide Preconditioner (5 minutes) .8.
Carbon Black Preplating Dispersion (4 minutes) [Dry at [err] (20 minutes)]
9. Sodium Persufate Microetch (I minute) 10    10. Rinse with Tap Water (I
minute) II. Acidic Copper Sulfate Solution (5 minutes) 12. Rinse with Tap
Water (2 minutes) 13. Electroless Copper Plating Solution (120 minutes) 14.
Rinse with Tap Water (I minute) 15 Bath 1 was an aqueous solution
containing a cleaner/conditioner formulation comprised of monoeth-
anolamine, a nonionic surfactant and ethylene glycol In water to remove
grease and other impurities from the hole wall surfaces of the boards. The
bath was heated to about 60C to facilitate this cleaning. The
cleaner/conditioner formulation is available under the trademark
"ENDURA-PLATE Clean- 20   er/Conditioner 102" by Olin Hunt Specialty
Products, Inc. of West Paterson, New Jersey. Bath 3 was a room temperature
aqueous bath which contained 200 grams of sodium persulfate per liter of
deionized water and 0.5% by volume of concentrated [err]. Its function was
to microetch the cop- per surfaces of the board. This sodium
persulfate/[err] microetch was mad from "ENDURA-PLATE MICRO-ETCH 601"
available from Olin Hunt Specialty Products, Inc. of West Paterson, New
Jersey. 25     Bath 5 was a room temperature bath of deionized water which
contained 10% by volume H2SO4. The function of this bath was to remove
copper oxides from the surfaces of the board. Bath 7 was a room temperature
aqueous bath and contained 6.1 grams of potassium hydroxide per liter of
delonized water. Its function was to prepare the board and make its
through-holes more receptive to the carbon black dispersion and to protect
the carbon black dispersion from drag-in of harmful contami- 30   nation.
This potassium hydroxide preconditioner was "BLACKHOLE Pre-conditioner 31"
and is available from Olin Hunt Specialty Products, Inc. of West Paterson,
New Jersey. 



Bath 8 is a room temperature deionized water bath containing the carbon
black preplating formulation of the present invention. In this bath, the
proportion of each ingredient were as follows: 35 0.36% by weight anionic
[err] 2.76% by weight [err] 1.86% by weight fumed [err] 40
126% by weight carbon [err] 624 % by weight total solids The balance of the
bath was deionized water. [err] 56 an anionic surfactant produced by Mazer
Chemicals Inc. of Gurnee, 45                Illinois (90% by weight
surfacant, 10% by weight [err]). [err] potassium hydroxide pellets (86% by
weight KOH, 14% by weight [err]). 3CAB-O-SIL MS-7SD fumed silica produced
by Cabot Corporation. 4 RAVEN 3600 carbon black produced by Cabot
Corporation. 50   This carbon black dispersion of Bath 8 was prepared by
milling a concentrated form of this dispersion in a pebble mill containing
stone pebbles so that the concentration of pebbles occupied about one third
of the mill volume. The surfactant was dissolved In deionized
water/KOH/silica to give a continuous phase. Then the carbon black was
added. Milling time was six hours. After milling, the concentrate was
diluted with sufficient deionized water to make the dispersion in the
above-indicated proportions. 55     After Bath 8, the board was placed n a
hot air recirculatory oven and heated to [err] for 20 minutes. This drying
step removed the water from the carbon black coating on the board, thereby
leaving a dried deposit of carbon black all over the board and in the
through holes of the board. The drying promotes ad- hesion between the
carbon black and the non-conductive surfaces of the board.. Bath 9 was the
same microetch formulation as Bath 3. Its function is to microetch the
copper surfaces 60   on the board so as to remove the deposited carbon
black from those surfaces. The deposited carbon black on the glass
fiber/epoxy was not effected by this microetch. Bath II was a room
temperature aqueous bath and contained 46 grams of copper sulfate and 225
grams of concentrated sulfuric acid per liter of deionized water. its
function was to sensitize the carbon black deposit on the glass fiberlepoxy
and accelerate the electroless copper plating reaction. 65     Bath 13 was
an aqueous bath heated to [err] and contained 5.4 grams of copper chloride
and 6.0    EP 0 244 535 B1 grams of sodium hydroxide and 5.0 grams of
formaldehyde per liter of deionized water and complexing agents and other
proprietary ingredients. Its function was to deposit a copper coating In
the through- holes of the coupon and make a connection from one copper
plate to the other. This bath was prepared by mixing 1.5% by volume of 5
"ENUDRA-PLATE 499 Part A" and 10.0% by volume "ENDURA-PLATE 499 Part B" and
1.8% by volume "ENDURA-PLATE 499 Part C" and 0.4% by volume "ENDURA-PLATE
AF Solution" and 86.3% by volume deionized water. "ENDURA-PLATE 499"
electro- less copper is available from Olin Hunt Specialty Products, Inc.
of West Paterson, New Jersey. 10    An examination of the resulting
electrolessly plated coupon showed that the hole walls were coated with a
relatively uniform layer of copper. Rinse baths 2, 4, 6, 10, 12 and 14 were
employed to prevent the carryover of chemicals from one treat- ment bath
into the next. After treatment with this sequence of baths, the coupon was
then placed In an electroplating bath pro- 15  vided with agitation means
and heating means and which contained an electrolyte bath comprised of the
following: Plating Bath Compositions Component                   Proportion
Copper sulfate             6.2 oz/gal (46.5 [err]) [err] (by weight)
30 oz/gal (225 [err]) Chloride Ion                40 mg/l 25 The coupon was
connected as a cathode in the electroplating vessel having a volume of
about 45 it- ers. Two copper bars were immersed in the electrolyte and
connected to the cell circuits as anodes. The copper bars had a length of
about 23 cm; a width of about 9 cm and a thickness of about 4 cm. Each face



was about 207 square cm. A direct current of 15 amps per square foot (161.3
[err]) was impressed across the electrodes In the electroplating bath for
approximately 75 minutes. The bath was maintained at a temperature of about
[err] during this period and agitation was effected by air sparging. At the
end of this period, the coupon board was disconnected from the
electroplating circuit removed from the electro- lyte, washed with tap
water and dried. An examination of the resulting electroplated coupon
showed that the hole walls were coated with a rel- atively uniform layer of
copper (1.0 mil  0.2 mil - 25.4 [err] 5.1 [err]) and no "dog boning" was
observed (i.e. this latter effect is an undesirable condition where the
plated layer is thicker near the copper laminate ar- eas of the PWB).
Claims 1. A process for electroless plating a conductive metal layer to the
surface of a non-conducting mate- rial which comprises: (a) preparing a
liquid dispersion of carbon black comprising: (1) carbon black particles
having an average particle diameter of less than about 3.0 pm in said
disper- sion; (2) a dispersing amount of a surfactant which is compatible
with said carbon black; and (3) water or polar organic solvent as a liquid
dispersing medium, 50     wherein the amount of carbon black is from 0.1%
to 4% by weight of said liquid dispersion; (b) applying said liquid
dispersion to the surface of the nonconducting materiai; (c) separating
more than about 95% by weight of said liquid dispersing medium from said
carbon black particles, whereby said particles are deposited on said
non-conductive surface in a continuous layer; and 55    (d) electroless
plating a continuous conductive metal layer over the deposited carbon black
layer and said non-conductive surface. 2. The process of claim 1 wherein
said liquid dispersion further comprises a sufficient amount of at least
one alkaline hydroxide to raise the pH of said liquid dispersion in the
range from about 10 to 14. 3. The process of claim 2 wherein said alkaline
hydroxide is selected from potassium hydroxide, sodium 60  hydroxide, and
ammonium hydroxide. 4. The process of claim 2 or 3 wherein said liquid
dispersion further comprises an alkaline silicate, which is formed by the
reaction of fumed silica particles and said alkaline hydroxide. 5. A
process for electroplating the walls of through holes in a laminated
printed wiring board compris- ing at least one non-conducting layer
laminated to at least two separate conductive metal layers, which 65
comprises the steps: 12    EP 0 244 535 B1 grams of sodium hydroxide and
5.0 grams of formaldehyde per liter of deionized water and complexing
agents and other proprietary ingredients. Its function was to deposit a
copper coating in the through- holes of the coupon and make a connection
from one copper plate to the other. This bath was prepared by mixing 1.5%
by volume of 5     "ENUDRA-PLATE 499 Part A' and 10.0% by volume
"ENDURA-PLATE 499 Part B" and 1.8% by volume "ENDURA-PLATE 499 Part C" and
0.4% by volume "ENDURA-PLATE AF Solution" and 86.3% by volume deionized
water. "ENDURA-PLATE 499" electro- less copper is available from Olin Hunt
Specialty Products, Inc. of West Paterson, New Jersey. 10     An
examination of the resulting electrolessly plated coupon showed that the
hole walls were coated with a relatively uniform layer of copper. Rinse
baths 2, 4, 6, 10, 12 and 14 were employed to prevent the carryover of
chemicals from one treat- ment bath into the next. After treatment with
this sequence of baths, the coupon was then placed in an electroplating
bath pro- 15  vided with agitation means and heating means and which
contained an electrolyte bath comprised of the following: Plating Bath
Compositons 20                     Component                   Proportion
Copper sulfate              6.2 oz/gal (46.5 [err]) [err] (by weight)
30 ozgal (225 [err]) Chloride Ion                40 mg/l 



25 The coupon was connected as a cathode in the electroplating vessel
having a volume of about 45 lit- ers. Two copper bars were immersed in the
electrolyte and connected to the cell circuits as anodes. The copper bars
had a length of about 23 cm; a width of about 9 cm and a thickness of about
4 cm. Each face 30   was about 207 square cm. A direct current of 15 amps
per square foot (161.3 [err]) was impressed across the electrodes in the
electroplating bath for approximately 75 minutes. The bath was maintained
at a temperature of about [err] during this period and agitation was
effected by air sparging. At the end of this period, the coupon board was
disconnected from the electroplating circuit removed from the electro-
lyte, washed with tap water and dried. 35     An examination of the
resulting electroplated coupon showed that the hole walls were coated with
a rel- atively uniform layer of copper (1.0 mil [err] 0.2 mil = 25.4 [err]
5.1 [err]) and no "dog boning" was observed (i.e. this latter effect is an
undesirable condition where the plated layer is thicker near the copper
laminate ar- eas of the PWB). 40   Claims 1. A process for electroless
plating a conductive metal layer to the surface of a non-conducting mate-
rial which cornprises: (a) preparing a liquid dispersion of carbon black
comprising: (1) carbon black particles having an average particle diameter
of less than about 3.0 [err] in said disper- sion; (2) a dispersing amount
of a surfactant which is compatible with said carbon black; and (3) water
or polar organic solvent as a liquid dispersing medium, wherein the amount
of carbon black Is from 0.1% to 4% by weight of said liquid dispersion; (b)
applying said liquid dispersion to the surface of the nonconducting
material; (c) separating more than about 95% by weight of said liquid
dispersing medium from said carbon black particles, whereby said particles
are deposited on said non-conductive surface in a continuous layer; and 55
(d) electroless plating a continuous conductive metal layer over the
deposited carbon black layer and said non-conductive surface. 2. The
process of claim 1 wherein said liquid dispersion further comprises a
sufficient amount of at least one alkaline hydroxide to raise the pH of
said liquid dispersion in the range from about 10 to 14. 3. The process of
claim 2 wherein said alkaline hydroxide is selected from potassium
hydroxide, sodium 60   hydroxide, and ammonium hydroxide. 4. The process of
claim 2 or 3 wherein said liquid dispersion further comprises an alkaline
silicate, which is formed by the reaction of fumed silica particles and
said alkaline hydroxide. 5. A process for electroplating the walls of
through holes in a laminated printed wiring board compris- ing at least one
non-conducting layer laminated to at least two separate conductive metal
layers, which 65  comprises the steps: 12    EP 0 244 535 B1 (a) contacting
said printed wiring board having said through holes with a liquid
dispersion of carbon black comprising: (1) carbon black particles having an
average particle size of less than about 3.0 [err] in said dispersion; (2)
a dispersing amount of a surfactant which is compatible with said carbon
black; and 5     (3) water or polar organic solvent as a liquid dispersing
medium, wherein the amount of carbon black is from 0.1% to 4% by weight of
said liquid dispersion; (b) separating more than about 95% by weight of the
liquid dispersing medium from said dispersion, thereby depositing said
carbon black particles in a continuous layer on said nonconducting portions
of said hole wails; 10    (c) applying.a continuous first metal layer over
the deposited carbon black layer on said non-conduct- ing portions of hole
walls by the electroless metal plating technique; and (d) electroplating a
continuous second metal layer over the first continuous conductive metal
layer. 6. The process of claim 5 wherein said liquid dispersion further
comprises a sufficient amount of at least one alkaline hydroxide to raise
the pH of said liquid dispersion in the range from about 10 to 14. 15
7. The process of claim 6 wherein said liquid dispersion further comprises
an alkaline silicate, which is formed by the reaction of fumed silica
particles and said alkaline hydroxide. 8. The process of any of daims 5 to
7 wherein said process further comprises microetching said metal 



layers of said printed wiring board after step (b) before step (c) to
remove any deposited carbon black therefrom. 20     9. The process of claim
8 wherein said process further comprises a water rinse after said
microetch- ing. 10. Apparatus Including a printed wiring board prepared in
accordance with any preceding claim. 25   Patentnpr~che 1. Verfahren zum
stromlosen Plattieren einer leitenden Metallschicht auf die Oberilache
eines nicht- leitenden Materials, welches beinhaltet: a) Herstellen eWner
flOssigen RuB-Dispersion, welche aufweist: 30    (1) RuBteildhen mit elnem
mittleren Teilchendurchmesser von weniger als etwa 3,0 pin in der
Dispersion; (2) sine dispergierende Menge eines mit dem RuB vertraglichen
oberfachenaktiven Mittels; und (3) Wasser oder polares organisches
Lisungsmittel als flOssiges Dispersionsmedium, wobei die Menge an RuB 0,1
bis 4 Gew.-% der flOssigen Dispersion betrigt; (b) Auibringen der flOssigen
Dispersion auf die Oberflache des nlhtleitenden Materials; 35    (c)
Entfemen von mehr als etwa 95 Gew.-% des flOssagen Dlspersbonsmediums von
den RuBtelichen, wobel die Tellchen in eWner durchgehenden Schicht auf der
nichtleitenden Oberflache abgeschleden werden; und (d) stromloses
Plattieren elner durchgehenden leltenden Metallschicht Ober die
abgeschiedene RuB- schicht und die nichtleitende Oberflache. 40     2.
Verfahren nach Anspruch 1, bei dem die flOssige Dispersion weiterhin eine
ausreichende Menge an mindestens einem Alkaii-Hydroxid enthalt, um den
pH-Wert .der flOssigen Dispersion In den Bereich von etwa 10 bis 14
anzuheben. 3. Veriahren nach Anspruch 2, bei dem des Alkai-Hydrpxid aus
Kalium-Hydroxid, Natrium-Hydroxid und Ammonium-Hydroxid ausgewahft ist. 45
4. Verfahren nach Anispruch 2 oder 3, bei dem die flOssige Dispersion
weiterhin en Alkall-Silicat ent- hilit, des durch die Reaktion von
Rauch-Sillciumdioxid-Teilchen und dem Alkali-Hydroxid gebildet ist. -5.
Verfahren zum Elektroplattieren 'der Wandungen von durchgehenden O6nungen
in einer laminier- ten bedruckten Leiterplatte mit mindestens elner
nlchtleitenden Schicht, die an mindestens zwei getrenn- te lebtende
Metaiischichten laminbert ist, des die Schritte beinhaitet: 50    (a) In
Kontakt bringen der bedruckten Leiterplatte mit den durchgehenden Offnungen
mit eWner flOssi- gen RuB-Dispersion, webche enthait: (1) RuB-Teilchen mit
einem mittleren Teilchendurchmesser von weniger als etwa 3,0 lIm In der
Dispersi- on; (2) elne dispergierende Menge elnes mit dem RuB vertragllchen
oberflAchenaktiven Mittels; und 5S     (3) Wasser oder polares organisches
i.osungsmittel aWs flOssiges Dispersionsmedium, wobel die Menge an RuB 0,1
bis 4 Gew.-% der flOssigen Dispersion betrigt; (b) Entfernen von mehr ais
etwa 95 Gew.-% des flOssigen Dispersionsmediums von der Dispersion, wodurch
die RuB-Teilchen In einer durchgehenden Schicht auf den nichtleitenden
Bereichen der Off- nungswandungen abgeschieden werden; so    (c) Auibringen
einer ersten durchgehenden Metallschicht Ober die abgeschiedene RuB-schicht
auf die nichtleitenden Bereiche der Offnungswandungen mittels der
stromlosen Metall-Plattierungstech- nik; und (d) Elektroplattieren eWner
durchgehenden zweiten Metallschicht Ober die erste durchgehende leiten- de
Metallschicht. 6s     6. Verfahren nach Anspruch 5, bei dem die flOssige
Dispersion weiterhin eine ausrebchende Menge I
13             Hill Hill l1 ill    EP 0 244 535 B1 an mindestens einem
Alkali-Hydroxid enthlit, urn den pH-Wert der flOssigen Dispersion in den
Bereich von etwa 10 bis 14 anzuheben. 7. Verfahren nach Anspruch 6, bel dem
die flOssige Dispersion weiterhin sin Alkali-Silicat enthalt, das durch die
Reaktion von Rauch-Siliciumdioxid-Teilchen und dem Alkali-Hydroxid gebildet
ist. 5     8 Verfahren nach einem der AnsprOche 5 bis 7, bei dem das
Verfahren weiterhin des Mikroatzen der Metallschichten der bedruckten
Leiterplatte nach Schritt (b) und vor Schritt (c) beinhaltet, urn jeglichen
abgeschiedenen RuB davon zu entfemen. 9. Verfahren nach Anspruch 8, bei dem
des VerFahren welterhin ein WasserspOlen nach dem Mi- kroatzen beinhaltet. 



10    10. Vorrichtung, die eine gemaB sinem der vorhergehenden AnsprOche
hergestellte bedruckte Leiter- platte enthalt. Revendicatlons 15    1. Un
proc6d6 pour fe depot chimique d'une couche m6tallique conductrioe sur la
surface d'un materiau non conducteur, qui comprend les 6tapes suivantes:
(a) on prepare une dispersion liquide de noir de carbone comprenant:  4 (1)
des particules de noir de carbone ayant un diametre moyen de particule de
moins d'environ 3,0 prm dans ladite dispersion; 20    (2) une quantitf
dispersante d'un tensloactif qui est compatible avec ledit noir de carbone;
et (3) de l'eau ou un solvent organique polaire comme milieu liquide
dispersant, dans laquelle la quantit6 de noir de carbone est de 0,1 a 4% en
poids de ladite dispersion liqulde; (b) on applique ladite dispersion
liquide sur la surface du mat6riau non conducteur; (c) on s6pare plus
d'environ 95% en poids dudit milieu dispersant liqulde desdites particules
de noir de 25    carbone, de sorte quo ces particules sont depos6es en une
couche continue sur ladite surface non conductrice; et (d) on applique par
d6pot chimique une couche continue de m6tal conducteur sur la couche de
noir de carbons d6posee et ladite surface non conductrice. 2. Le proc6de
selon la revendication 1, dans loquel ladite dispersion liquids comprend
une quantite suf- 30  fisante d'au moins un hydroxyde alcalin pour 6lever
le pH de ladite dispersion liquid. a environ 10 a 14. 3. Le proc6d6 solon
ia revendication 2, dans lequel ledit hydroxyde alcalin est choisi parmi
l'hydroxyde de potassium, I'hydroxyde de sodium et l'hydroxyde d'ammonium.
4. Le proc6d6 solon la revendication 2 ou 3, dans lequel ladite dispersion
liquids comprend en outre un silicate aicalin qui est form6 par la r6action
de particules de silica fum6es et dudit hydroxyde alcalin. 35     5. Un
procct pour metalliser par 6lectrolyse les parois des trous de pergage dans
une plaquette stratifiee de circuit imprim6 comprenant au moins une couche
non conductrice stratifoie avec au moins deux couches m6talliques
conductrices separ~es, qui comprend les 6tapes suivantes: (a) on met en
contact ladite plaquette de circuit imprim6 ayant lesdits trous de pergage
avec une dis- persion liquids de noir de carbons comprenant: 40    (1) des
particules de noir de carbone ayant un diambtre moyen de particule de moins
d'environ 3,0 prm dans ladite dispersion; (2) une quantite dispersante d'un
tensioactif qui est compatible avec ledit noir de carbone; et (3) de l'eau
ou un solvent organique polaire comme milieu liquide dispersant, dans
laquelle la quantite de noir de carbone est de 0,1 a 4% en poids de ladite
dispersion liquids; 45    (b) on sipare plus d'environ 95% en poids dudit
milieu dispersant liquids de ladite dispersion, en d6po- sant ainrsi
lesdites particules de noir de carbons en une couche continue sur lesdites
portions non con- ductrices desdites parois des trous; (c) on applique une
premiAre couche m6tailique continue par dessus la couche de noir de carbone
de- posee sur lesdites portions non conductrices des parois des trous par
la tochnique de m6tallisation 50    chimique; et (d) on applique par
6lectrolyse une seconds couche m6tallique continue par-dessus la premiere
cou- che m6tallique conductrice continue. 6. Le proc6de selon la
revendication 5, dans Isquel ladite dispersion liquids comprend une
quantft6 suffisantb d'au moins un hydroxyde alcalin pour Nlever le pH de
ladito dispersion liquide& environ 10 a 14. 55     7. Le proc6d6 selon la
revendication 6, dans loquel ledit hydroxyde alcaiin est choisi parmi I
'hydroxyde de potassium, I'hydroxyde de sodium et l'hydroxyde d'ammonium.
8. Le proced6 selon l'une quelconque des revendications 5 & 7, dans lequel
iedit proc6d6 comprend en outre un microdicapage desdites couches
m6talliques de ladito plaquette de circuit imprim6 apres 1`6tape (b) avant
l'6tape (c) pour on s6parer tout depot 6ventuel de noir de carbons. 60
9. ie proc6d6 selon ia revendication 8, dans lequel ledit proc6d6 comprend
en outre un ringage a l'eau apres ledit microdhcapage. 10. Apparell
comprenant une plaquette de circuit imprim6 pr6paree selon l'une quelconque
des revendi- cations prec6dentbs. 65    


