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Method of forming selective électroless plating on polymer surfaces

This invention relates to the plating of polymer surfaces and, in particular, to

the metallisation of printed circuit boards and flexible substrates.

The Applicant has already proposed a method of selectively plating an aromatic
polymer surface comprises illuminating the polymer surface with a laser light
to activate desired regions of the surface to be provided with metallisation.
When the surface is subséquently immersed in a plating solution, selective
seeding occurs on the regions of the polymer surface that have been activated
by the laser and metal is deposited on the surface in the desired pattern. Whilst
this method is effective in achieving platihg of the selectively activated areas, it
is found that some seeding, and consequently some plating, occurs outside the
activated regions of the polymer surface. In an attempt to minimise this
undesired effect, it has been proposed to dilute the seeding solution with water
but this does not entirely eliminate the formation of plating in the non-activated
areas. As a result, it is difficult to use the prior method in industrial

applications.

The present invention aims to provide a plating method which overcomes the
disadvantages of the known method . and is suitable for use in industrial

applications.

Accordingly, in one aspect, the preéent invention provides a method of plating a
substrate material, which when activated by laser light adsorbs seeding particles
for an electroless plating process, comprising: applying a strippable coating to a
substrate surface to be plated; selectively illuminating the coated substrate

surface with laser light to ablate a selected area of the strippable coating and
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activate an underlying region of the substrate surface exposed by the ablation of
the strippable coating; contacting the _substréte surface with seeding particles
| for electroless plating, so that séeding particles adhere preferentially to the
activated region of the substrate sui'fabe; and electrolessly plating the substrate

surface, whereby the seeded areas of the substrate surface are selectively plated.

In one embodiment of the invention, the coating is stripped from the polymer
surface after the step of seeding the surface, thereby removing any undesired

seeding particles on the coating prior to plating.

In another embodiment, the coating is stripped from the polymer surface after
the step of plating the surface, thereby removing any undesired plating with the

coating.

In another aspect, the invention provides a substrate formed with circuitry
which includes vias having a non-circular cross-section, thereby enabling the

density of the substrate circuitry to be increased.

In yet a further aspect, the invention provides a method of re-mapping a wafer,
comprising using a laser to re-configure an existing circuit pattern on a surface

of the wafer.

In order that the invention may be readily understood embodiments thereof will
now be described in more detail, by way of example, with reference to the

accompanying drawings, in which:

Figures 1(a) to l(h) are diagrammatic illustrations of the steps in a plating

method embodying the present invention;



Figures 2(a) and 2(b) illustrate a known method of forming vias on a polymer
substrate; ' |

Figures 3(a) and 3(b) illustrate a method of forming vias using the method of

the present invention;

Figures 4(a) and 4(b) illustrate the formation of non-circular vias using a

method embodying the present invention; and

Figures 5(a) to 5(d) illustrate a2 method of re-mapping a semiconductor wafer

employing a method embodying the invention.

The Figures 1(a) to 1(h) of the drawings show the various stages of a method
embodying the invention for plating a substrate 1, for example a semiconductor
substrate, provided with a layer 2 of an aromatic polymer, such as a polyimide,

a polycarbonate or an epoxy, on a surface 1a of the substrate to be plated.

As shown in Figure 1(a), in a first step of the method, a thin coating 3 of a
strippable, non-aromatic polymer is applied to the aromatic polymer substrate
layer 2 In this context, the term “strippable” is used to denote a material that
can subsequently be easily removed, for example by immersion in a solvent,

without significantly damaging the underlying aromatic polymer surface.

Figure 1(b) illustrates a second step of the method in which light 4 from a laser
(not shown) is used to selectively activate the aromatic polymer. In this

procedure, the laser light 4 first ablates the coating 3 over a selected area of the
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aromatic polymer layer 2 to expose the layer 2 and then activates the exposed
aromatic polymer surface. During activation of the aromatic polymer, the laser
power is reduced below the threshold poWer for ablation of the aromatic
polymer and the laser light is directed at the area to be activated until the area
in question turns or begins to turn black. In the course of activation, the
aromatic polymer surface is not only roughened, but is also chemically altered,
causing a change in its surface charge. If require, and as shown in Figure 1(b),
the aromatic polymer may also be ablated to a desired depth before activating
the surface of the aromatic polymer, thereby producing a recess 2a with an

activated surface 5 in the surface of the aromatic polymer layer 2 as shown in

Figure 1(c).

For simplicity, Figures 1 (a) to 1(c) only show the activation of a single region
of the aromatic polymer layer but it will be appreciated that any desired number
of discrete areas or pattern of interconnected areas may be selectively activated

by directing the laser light appropriately.

Once the desired surface areas of the aromatic polymer layer 2 have been

activated, the substrate may be selectively plated as will now be described with

reference to Figures 1(d) to 1(h).

Referring to Figure 1(d), to achieve plating of the selectively activated areas of
the aromatic polymér layer 2, the substrate is first immersed in a seeding
solution for electroless plating, containing polymer-stabilised catalytic particles
such as polyvinylpyrrolidone (PVP) stabilised palladium particles. In this
environment seeding particles 6 (shown on a grossly exaggerated scale in
Figure 1(d)) from the seeding solution are preferentially adsorbed on the

activated surface areas of the aromatic polymer. Potentially, however, stray
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seéding particles 6a may adbere to the non-activated surfaces of the polymer

coating 3.

In one variant of the method embodying the invention, the substrate with its
polymer coating 3 still in place is then immersed in an electroless plating bath
to form a thin layer 7 of metal on the seeded areas of the surface, see Figure
1(e). Again, whilst the metal layer 7 will be preferentially deposited on the
heavily seeded activated areas of the aromatic polymer, some stray plating 7a
may form on the polymer coating 3 at the sites of the stray seeding particles 6a.
Prior to immersion in the electroless-plating bath, the substrate may be rinsed in
ultra pure water and/or possibly subjected to ultrasound cleaning to remove
stray seeding particles which are only weakly adhering to the non-activated

regions of the substrate.

In the following step of the method, the polymer coating 3 is stripped from the
surface of the aromatic polymer. In general, the removal of the coating may be
achieved by immersion in a suitable solvent but it is envisaged that any
stripping method which doe not significantly damage the aromatic polymer
may be used. Any stray plating 7a adhering to the strippable coating 3 is
removed with the coating, leaving only the plating 7 on the activated regions of

the aromatic polymer as shown in Figure 1(f).

As shown in Figure 1(g), a further layer of metal may, if required, then be

deposited on the initial plating layer 7 by electroless-plating or by
electroplating to form a thicker metallisation 8.

Finally, if desired, the exposed surface 9 of the metallisation 8 may be

planarised as shown in Figure 1 (h).



In another variant of the method embodying the invention; the polymer coating
3 ié stripped from the substrate after the seeding step and before the initial
electroless-plating step. In this variant of the method, any stray seeding
particles adhering to the surface of the coating 3 are removed together with the
coating, so that plating only forms on the activated areas of the aromatic

polymer during the subsequent electroless-plating step.

A platihg method embodying the present invention finds particular application
in the fabrication of landless vias and this aspect of the invention will now be

described with reference to Figures 2 to 4 of the drawings.

-Referring to Figures 2(a) and 2(b), present practice requires the surface
circuitry 10 on printed circuit boards (PCBs) and flexible substrates to be
patterned separately from the drilling and metallisation of any vias 11. In a
typicai process, the surface circuitry 10 is patterned first as shown in Figure
2(a), leaving lands 12 , i.e. large circular areas, through which the vias 11 are
subsequently drilled as shown in Figure 2(b). Such lands 10 are necessary for
alignment during the drilling of the vias 11.

Using a plating method embodying the present invention it is possible to drill
the vias and activate the surface and vias in one step. It is also possible to
metallise the vias and surface circuitry in one step. Thereby eliminating the
need for alignment between steps and obviating the need for lands. Without

lands denser circuitry is possible.

Figure 3(a) shows a substrate to be plated by a method embodying the

invention after the drilling of the vias and activation of the circuitry and vias,
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while Figure 3(b) shows the same substrate after plating. Thus, Figures 3(a) and
3(b) show vias 21 drilled in a coated substrate 22 and then laser activated for
seeding together with surface circuit patterns 20. The activated surfaces of the
vias 21 and the circuit patterns 20 are then selectively plated as described above

with reference to Figures 1(d) to 1(h).

A further development is illustrated in Figures 4(a) and 4(b), which are
respectively a plan view and a cross-sectional view of a substrate formed with
non-circular vias. In this further development, non-circular vias, such as slot-
shaped vias 31, are formed and plated together with-circuit patterns 30 by the
method embodying the invention. This allows the circuitry to be made even

more dense.

Figures 5(a) to 5(d) illustrate another application of the invention, in this case to
the re-mapping of a wafer. Referring to Figure 5(a) this first involves applying
an aromatic polymer layer 51 to the wafer 50 to be re-mapped and covering the
layer of aromatic polymer with a strippable coating 52 of a non-aromatic
polymer. A laser is used to ablate through the strippable layer 52 and to drill
vias 53, see Figure 5(b), the laser power then being reduced to activate the
exposed surface 54 of the aromatic polymer layer 51. The activated surface is
next seeded and the strippable coating is removed, Figure 5(c). The seeded
surface is finally plated in an electroless bath to form the re-mapping plated
circuitry 55 which is shown in finished form in Figure 5(d), in which the new

vias 53 and circuit pattern 55 on the aromatic polymer layer 51 re-map the
 wafer into the desired configuration. Figure 5(d) also shows a solder ball 57 for
connecting the re-mapped circuitry to a substrate (not shown) and a solder mask
56 for protecting the surface of the remapped wafer 50 during soldering, the
mask 56 having an aperture receiving the solder ball 57.



‘The method of the present invention_can also be used to fabricate fine-line
circuitry by using the laser light to ablate completely through the strippable
coating and partially through the layer of aromatic polymer to produce a
éhannel. The bottom of the channel can then be_ activated by the laser for,
seeding. Once the bottom of the channel has been seeded and the strippable
coating has been removed, plating will proceed upwards from the bottom of the
channel. Unlike plating on a flat surface, the plating will thus be confined and
the plated metal will simply grow upwards and not upwards and sideways as it
would on a flat surface. This laser ablation of channels together with the
strippable coating on the surface on the aromatic polymer layer enables the

production of extremely fine-line circuitry embedded in the polymer layer.

A further application of a method embodying the present invention is in the
field of integrated resistors. A major requirement in the microelectronics
packaging industry is to reduce the bulk of passive circuit components, such as
resistors, capacitors and inductors, which commonly occupy up 70% of the
surface of a PCB or flex substrate. As a contribution to reducing the bulk of
these passive components, a method embodying the present invention provides
easy fabrication of integrated resistors by activating, seeding and plating a
region on a substrate between two copper interconnects, the seeded region
being plated with a high resistivity metal, such as a nickel-phosphorus or

nickel cobalt alloy. Such a resistor occupies far less space than a non-integrated

resistor.

Using a plating method embodying the invention also facilitates the rapid
prototyping of circuit designs. Rapid prototyping is important in the

microelectronics industry, since designers need to be able to test their new
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designs quickly and easily. Conventional circuit plating methods requi‘re a mask
which is costly and time-consuming to produce with each new design requiring
a nev? mask. USing a plating method in accordance with the present invention,
which does not require a mask, enables rapid and efficient prototyping to be

performed.

It is envisaged that a method embodying the invention could also be used to
activate, seed and plate non-planar features on a surface, such as bumps, to

serve as connectors or probes.

In the present specification "comprises" means "includes or consists of" and

"comprising” means "including or consisting of".

The features disclosed in the foregoing description, or the following claims, or
the accompanying drawings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method or process for
attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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CLAIMS:

1. A method of plating a sﬁbstrate material, which when activated by laser
light adsorbs seeding particles for an electroless plating process, comprising
applying a strippable coating to a substrate surface to be plated; selectively
illuminating the coated substrate surface with laser light to ablate a selected
area of the strippable coating and to activate an underlying region of the
substrate surface exposed by the ablation of the strippable coating; contacting
the substrate surface with seeding particles for electroless plaﬁng, so that the
seeding particles adhere preferentially to the activated region of the substrate
surface; and electrolessly plating the substrate surface, whereby the seeded

areas of the substrate surface are selectiveiy plated.

2. A method according to claim 1, comprising removing the strippable
coating after contacting the substrate surface with seeding particles but prior to

electrolessly plating the substrate surface.

3. A method according to claim 1, comprising removing the strippable

coating after electrolessly plating the substrate surface.

4, A method according to any one of claims 1 to 3, wherein the substrate

material is an aromatic polymer and the strippable coating comprises a non-

aromatic polymer.

5. A method according to any preceding claim, comprising using the same
laser to ablate the strippable coating and to activate the substrate surface, and

reducing the power of the laser for the activation of the substrate surface.

—
T
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6. A method according to any preceding claim, comprising depositing

further metal on the electrolessly plated regiqn of the substrate. .

7. A method according to claim 6, comprising depositing the further metal

by electroless plating.

8. . A method according to claim 6, comprising depositing the further metal

by electroplating.

9. A method according to any preceding claim, comprising ablating the
substrate material underlying the ablated area of the strippable coating to form

a recess in the substrate material before activating the polymer surface.

10. A method according to claim 9, comprising fabricating fine-line circuitry
by ablating channels in the substrate material and filling the channels with
metal after electroless plating of the activated surfaces of the channels to form

circuitry embedded in the substrate material.

11. A method according to any preceding claim, comprising using the laser
to ablate the strippable coating, selectively activate the substrate surface and

drill a landless via in the substrate material in the same step.

12 A method according to claim 11, wherein the landless via is non-

circular.

13 A method according to claim 12, wherein the non-circular landless via is

slot-shaped.

MR
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14 A method according to any preceding claim, comprising selectively

plating non-planar features on the substrate surface.
15 A method according to any preceding claim, comprising forming an
integrated resistor by selectively activating and plating a region between two

circuit interconnects on the substrate surface.

16. A method according to claim 15, comprising plating the activated region

with a nickel alloy to form the resistor.

17. A method according to any preceding claim uséd to re-map a wafer.

18. A substrate formed with circuitry which includes vias 'having a non-
circular cross-section, thereby enabling the density of the substrate circuitry to
be increased.

19. A substrate according to claim 18, including slot-shaped vias.

20. A method of re-mapping a wafer, comprising using a laser to re-

configure an existing circuit pattern on a surface of the wafer.

—
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