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APPARATUS AND METHOD FOR
ELECTROPLATING OR ELECTROETCHING
A SUBSTRATE

This invention was made with Government support
under grant DMI-9761331 awarded by the National Science
Foundation (NSF). The Government has certain rights in this
invention.

FIELD OF THE INVENTION

The present invention relates to an apparatus and method
for electroplating and/or electroetching a substrate.

BACKGROUND OF THE INVENTION

There are several applications where conductive patterns
on a substrate are subsequently plated with a metal or etched
to remove a metal. Many of these conductive patterns are
discontinuous, making subsequent plating difficult.
Examples of such processes can be found in the printed
wiring board manufacturing industry, plastic foil etching
processes, or other processes where re-plating or additional
electroplating of the existing discontinuous conducting pat-
terns is desired. Discontinuous conducting patterns are used
herein to describe patterns that are not electrically con-
nected.

Current direct metallization processes use electroless plat-
ing processes to deposit a metal on conducting patterns
formed on the surface of a substrate. In these methods,
conductive patterns are formed lithographically using stabi-
lized colloidal graphite, colloidal palladium, or conducting
polymer films as a conducting material. When the conduct-
ing patterns are electroplated, the process is slow and the
deposited metal spreads out slowly from a point of electrical
contact made with the patterns. Due to this slow electro-
plating process it is very important to achieve a uniform
electric field distribution in the electroplating bath to obtain
metal deposits of uniform thickness.

Therefore, there is a need for an apparatus and a method
for electroplating and/or electroetching metal layers on one
or more conductive patterns formed on a substrate, that
provides uniform plating and/or electroetching of the desired
metal and minimizes plating of the metal on the contact
cathode surface.

SUMMARY OF THE INVENTION

One embodiment of the present invention provides an
apparatus comprising: at least one cathode adapted to main-
tain a line of contact with at least one substrate surface
during relative movement therebetween; at least one anode
located in a spaced relationship to the cathode; and an
electronically insulating member located between the at
least one anode and the at least one cathode adapted to
provide a gap between the substrate surface and the insu-
lating member. Preferably, the cathode is selected from a
cylinder, a cone, a brush or a belt. A cylindrical cathode may
have a longitudinal axis and be adapted to rotate about the
longitudinal axis.

Another embodiment of the invention provides a method
for electroplating discontinuous conducting elements on a
substrate, comprising: disposing an electroplating solution
over a substrate surface having discontinuous conducting
elements formed thereon; providing a line of contact
between a cathode and one or more of the discontinuous
conducting elements; disposing an anode in the electroplat-
ing solution adjacent the line of contact; disposing an

10

15

20

25

30

35

40

45

50

55

60

65

2

electronically insulating member between the anode and
cathode; and moving the line of contact over the substrate
surface to contact a plurality of the discontinuous conduct-
ing elements.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the above recited features and advantages of the
present invention can be understood in detail, a more par-
ticular description of the invention, briefly summarized
above, may be had by reference to the embodiments thereof
which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not
to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

FIG. 1 is a schematic view of one embodiment of the
present invention.

FIG. 2 is an enlarged view of the electrode portion of FIG.
1.

FIG. 3 is a schematic view of an alternative insulating
member for use in the present invention.

FIG. 4 is a schematic view of a second embodiment of the
present invention.

FIG. 5 is a schematic view of a third embodiment of the
present invention.

FIG. 6 is a schematic view of a fourth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to an apparatus and method
for electroplating or electroetching conductive elements on
a substrate or directly on a substrate having low electrical
conductivity. The apparatus and method can be used in
electroplating and/or electroetching processes such as
printed wiring board processes.

One aspect of the present invention provides a rolling
cathode and an anode separated by an insulating member.
The cathode is positionable in contact with the conductive
elements or substrate to be plated. The cathode is directly
connected to the negative lead of an electrical power supply
by a brush contact or similar means that transfers electricity
to the moving cathode. In the case of electroetching, the
poles would be reversed and the anode would be contacting
the substrate. The rolling cathode accommodates relative
movement between the cathode and substrate while main-
taining electrical contact. The relative movement may be
accomplished in a plating bath either by moving the sub-
strate across a stationary (although rolling) cathode, or
moving (while rolling) the cathode over a stationary
substrate, or some combination of the two movements.

With regard to electroplating, the electric field flowing
from the anode is channeled or partially blocked by an
electrically insulating member so that the electric field is
directed toward the substrate and not the cathode. Directing
the electric field towards the substrate in the region between
the anode and the cathode facilitates the deposition of the
desired metal on to the substrate. The distance from the
electrically insulating member and/or the anode to the
surface to be electroplated may be adjusted in order to
achieve a uniform electric field adjacent the surface to be
electroplated and ultimately uniform deposition of a metal
layer on the surface. The distances between the electrically
insulating member, the anode, and the cathode may also be
adjusted to focus the electric field on the substrate.
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The insulating member typically extends the length of the
cathode in the axial direction and it may surround a portion
of the circumference of the cathode that is not in contact
with the substrate. The portion of the circumference sur-
rounded may be a small or large portion, depending on the
particular application. For example, if the electrolyte is
highly conductive, the electric field around the cathode
would need to be controlled or focused toward the substrate
surface to achieve uniform plating on the substrate.

The cathode of the present invention may be made from
a rigid material, such as metal, or a pliable material that
essentially conforms to the substrate surface. The cathode is
positioned in intimate contact with the substrate surface,
thus restricting the amount of electrolyte between the cath-
ode and the contacting surface and encouraging plating on
the conducting surface(s) immediately adjacent to the cath-
ode. For example, intimate contact with the discontinuous
conducting elements on the substrate surface allows for
uniform plating of the desired metal on those regions of the
elements contacted, despite the elements having electrical
conductivity that is too low to allow electroplating of the
entire element from a single electrical contact. The electri-
cally insulating member directs the cations flowing from the
anode toward the substrate to promote localized plating on
the conducting elements while minimizing plating on the
cathode itself.

The rolling cathodes of the present invention are suitable
for electroplating systems that plate one side or both sides of
a substrate. In the latter case, rolling cathodes are provided
on both sides of the substrate and in intimate contact with the
opposing substrate surfaces to form a plating zone or small
trough that is large enough to hold liquid electrolyte and
submerge the anode. As the cathodes move across the
substrate surface (or the substrate moves through the
cathodes), portions of the patterned substrate enter the
plating zone and are plated with the desired metal. The liquid
electrolyte in the plating zone can be re-circulated by
providing a supply inlet and a pump for removing electrolyte
from the plating zone. The recirculation of the electrolyte
may include batch or continuous replacement/adjustment of
the electroplating solution and the recirculation may be
controlled to provide a constant level of the solution in the
plating zone.

The rolling cathode of the present invention may be used
to uniformly plate thin conductive substrates having thin
films or thin conducting patterns. Examples of thin films
include thin metallic films obtained by evaporation, sputter-
ing or direct metallization processes. Other thin films
include: conducting polymer films or colloidal metal and
films obtained using conductive inks. Thin metallic films
that are 0.1 to a few microns thick typically exhibit low
conductivity and are thus difficult to plate evenly because the
plating spreads and tends to be thicker at the point of
electrical contact.

In another aspect of the present invention, there is pro-
vided a method for electroplating conducting patterns on a
substrate.

FIG. 1 is a schematic view of an apparatus 10 that can be
used for electroplating or electroetching conducting patterns
12 on a substrate 14. A generally cylindrical cathode 16, an
anode 18 and an insulating member 20 are shown mounted
on a support member 22. It should be noted that the cathode
(anode in the case of electroetching) can be any shape or
form so long as contact is made with the conducting patterns
in a uniform manner. The apparatus 10 is placed adjacent to
the substrate 14 in a plating bath 24, filled with an electrolyte
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26. The insulating member 20 is used to direct the electric
field, indicated by dashed lines 36, as the electric field 36
extends from the anode 18, toward the substrate 14.

The distance between the substrate 14 and the insulating
member 20 can be adjusted upward or downward depending
on the desired application. The insulating member 20 pref-
erably extends the length of the cathode 16, to prevent the
direct deposition of metal onto the cathode 16 and promote
deposition of a metal layer 25 onto the conducting patterns
12. In addition, the anode 18 may be adjusted upward or
downward to achieve the desired plating efficiency. The
substrate 14 can be moved in the direction indicated by
arrow 28 by a series of rollers 30. The cathode 16 rotates
about its longitudinal axis 32 while contact with the power
source is maintained through a brush contact or other
contacting means 34. The negative pole of a power supply
(not shown) is connected to the cathode 16 and the positive
pole of the power supply to the anode 18 to provide the
plating current (during electro-etching, the polarities are
reversed and the rolling cathode becomes a rolling anode).

During plating the position of the insulating member 20
can be adjusted so that the throwing power between the
anode 18 and cathode 16 is directed toward the conducting
patterns 12 on the substrate 14. The anode 18 is stationary
and is positioned close to the insulating member 20 and
cathode 16 to provide an adequate electric field for plating.
The position of the insulating member 20 can be adjusted
pivotally by a screw mechanism or other adjustment means
38 and horizontally by sliding the anode along the support
arm. The anode may be adjusted by a screw mechanism or
other adjusting means 40. Other means of mounting and
adjusting the relative position between the insulating mem-
ber and electrodes can be used and are considered to be
known in the art.

The anode 18 and insulating member 20 can be adjusted
horizontally by using sliding mechanisms 42, 44. The slid-
ing mechanisms 42, 44 provide for movement along the
support member 22. The level of the plating solution 26 in
the bath is preferably kept as low as possible to minimize
electroplating on the cathode 16. The cathode 16 can be
made of any material which provides good conductivity for
contacting the conductive patterns and it preferably has a
high overpotential for metal plating and exhibits poor adhe-
sion of plated metallic layers. Suitable cathode materials
include but are not limited to stainless steel, aluminum,
anodized aluminum, its alloys and oxides, titanium and its
alloys and oxides, niobium, tantalum, hafnium, noble metal
oxide-coated titanium, tantalum, hafnium, or niobium, tita-
nium diboride, titanium nitride, zirconium nitride, as well as
graphite materials, including glassy and vitreous carbon.

When the device is used for electroetching and the anode
is moving over the substrate, the anode should be made of
a material that is stable against corrosion or sometimes
called a dimensionally stable anode. Suitable anode mate-
rials include but are not limited to, platinum, iridium oxide/
ruthenium oxide-coated titanium, tantalum, hafnium, or
niobium, and noble metal-coated titanium, tantalum,
hafnium, or niobium, such as platinum, rhodium, iridium or
their oxides.

FIG. 2 is an enlarged view of the cathode 16, insulating
member 20, substrate 14 interface shown in FIG. 1, showing
the distribution of the electric field lines 36. The insulating
member forms a small gap 46 or passage between the
conducting pattern 12 on the substrate 14 and the insulating
member 20 such that the electric field lines are forced to pass
through the gap 46 in order to reach the cathode 16. The
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electric field lines are thus focused or directed toward the
conducting pattern 12. This encourages a majority of the
plating current to yield a metal coating on the conducting
pattern 12.

FIG. 3 is a schematic representation of another embodi-
ment of the present invention, similar to the apparatus shown
in FIG. 2, where like parts bear the same reference numbers.
The apparatus 48 has a cathode 16 with an insulating
member 50 surrounding most of the circumference of the
cathode 16 excluding the portion of the cathode that is in
contact with the substrate 14. The insulating member 50
effectively directs the electric field lines 36 from the anode
18 toward the conducting pattern 12, while minimizing the
field lines that contact the cathode 16 which in turn reduces
the amount of metal plated on the cathode 16.

FIG. 4 is a schematic representation of yet another
embodiment of the invention, similar to the one shown in
FIG. 2, where like parts bear the same reference numbers.
The apparatus 52 utilizes a soft or pliable cathode 54 in order
to achieve better contact with the conducting pattern 12. The
cathode 54 can have a core 56 made from pliable materials,
such as synthetic rubber, polysilicone rubber, polyurethane,
polyvinyl chloride, or polysiloxane. Also, a flexible outer
sheath made of a pliable material can be used by sliding the
sheath over a rigid material. A metallic coating 58, with low
adhesion for and a high overpotential for metal plating is
preferably deposited on the surface of the core 56 to provide
electrical contact with the conducting pattern 12. Examples
of suitable metallic coating materials include titanium,
tantalum, hafnium, niobium, tungsten, stainless steel,
aluminum, and their oxides, anodized aluminum, anodized
titanium, graphite and vitreous carbon and conducting poly-
mer materials.

It is understood that the embodiments shown in FIGS.
1-4, can be adapted for use in a system that provides
double-sided plating by positioning electrodes on either side
of a substrate and providing a means for moving the elec-
trodes and/or the substrate through the plating bath.

FIG. 5 is a schematic drawing of another embodiment of
the present invention where the volume of the plating
solution is minimized. This is achieved by providing a
cathode and anode combination like the one shown in FIG.
1. However, the cathode 60 is in close contact with the
substrate 62 having conducting patterns 64 to be plated such
that a trough 66 for holding the electrolyte solution 68 is
formed between the substrate 62 and the cathode 60. The
trough 66 is preferably filled with just enough electrolyte 68
to submerge the anode 70. The electrolyte 68 can be
re-circulated while maintaining the electrolyte level by
providing a fluid supply inlet 72 and outlet 74 that recycle
the electrolyte from a plating bath 76. A pump 78 may be
provided to facilitate the recirculation. Insulating members
(not shown) similar to the one shown in FIG. 1 may be used
if desired to focus the electric field lines toward the con-
ducting pattern 64, which is ultimately plated with a metal
layer 80. The embodiment shown here includes two cathode/
anode combinations for a double-sided plating operation,
however it should be noted that the device would also work
with a single cathode and anode for plating one side of a
substrate.

FIG. 6 is a schematic representation of another embodi-
ment of the present invention. The apparatus 82 has a
cathode 84 and an anode 86 suspended in an electrolyte
solution 88 with a pliable bipolar electrode 90 disposed
therebetween. The electric field is applied to the anode 86
and cathode 84 which are positioned adjacent to a substrate
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surface 96 having conducting patterns 98 formed thereon.
The bipolar electrode 90 is similar to the cathode described
in FIG. 5, and is designed to maintain contact with the
substrate surface 96. There are two insulating members 92,
94 positioned between each electrode and the bipolar elec-
trode 90 which act to focus the electric field lines 100 toward
the conducting patterns 98. When an electric field is applied
between the cathode 84 and the anode 86, the surface of the
bipolar electrode 90 becomes positively charged on the
cathode side and negatively charged on the anode side. The
positive charge on the cathode side acts to slightly etch the
surface of the conducting pattern 98, while the negative
charge on the anode side promotes the plating of a metal
layer 102 on the conducting pattern 98. It is important to
note that the bipolar electrode maintains close contact with
the substrate surface, effectively restricting any flow of
electrolyte therebetween. If the bipolar electrode 90 rotates
within the bath, a scraper 104 is provided to remove the
electrolyte from the outer surface of the bipolar electrode as
it moves out of the electrolyte to maintain the charge
separation between the positively and negatively charged
portions of the bipolar electrode.

EXAMPLE 1

Construction of the Cathode Electroplating Device

The cathode device used in the following examples con-
sisted of a support member, made from a sheet of 34"
polyvinylchloride, holding a cathode, an anode and an
insulating member. The cathode was a polished half inch
diameter aluminum rod. The anode consisted of a twenty six
gauge platinum wire attached to the support member at a
fixed distance from the cathode. The insulating member
consisted of a retractable, thin polyvinylchloride shield.
With the insulating member in place between the anode and
cathode, a direct path to the cathode was obstructed forcing
an increased number of metal ions to pass near the conduct-
ing patterns on the substrate, producing rapid, more efficient
plating on the conducting patterns.

EXAMPLE 2
Determination of Optimum Rolling Cathode Material

A series of tests were performed to determine the best
material for the rolling cathode. Desirable properties of the
rolling cathode material are: 1) slow rate of metal electro-
plating on the surface of the rolling cathode; and 2) low
adherence of any electroplated metal on the surface of the
rolling cathode thereby enhancing the efficiency of the
coating of the conducting patterns. This could be achieved
by choosing a rolling cathode surface having high overpo-
tential for metal plating. Electroplating tests were performed
by electroplating nickel from an electroplating bath over
copper patterns prepared on fiber glass/epoxy composite
(FR-4) substrates. Commercial printed wiring board sub-
strate material, FR-4, 30 mil in thickness (available from
Beaver Brook Company, Bethel, Conn.) was used in the
tests. The nickel deposits provided a contrast on the surface
of the copper patterns laid down on the surface of the FR-4
substrate and could be inspected visually and/or by optical
microscope.

The copper electroplating solution consisted of: copper
sulfate, 75 g/l (Aldrich Chemical Co.), sulfuric acid 100 ml/1
(98%, Aldrich), Copper Graham 2001 Additive, 5 ml/l,
Copper Graham 2001 Leveller, 2.5 ml/l, Copper Graham
2001 Carrier, 2.5 ml/l, all from LeoRonal, Inc., Freeport,
NY.

LECTRO-NIC 10-03S (Enthone-Omi, of Bridgeview,
I11.) nickel sulfamate based electroplating solution (nickel
sulfamate 340 g/1, nickel 75 g/1, boric acid, 40 g/1) was used
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