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Article with a Coating of Electrically Conductive

Polymer and Precious/Semiprecious Metal and Process for

Production Thereof

The present invention relates to coated articles which contain
a layer of copper or a copper alloy and a layer with a
combination of intrinsically electrically conductive polymer
and precious metal and/or semiprecious metal, and which are
particularly suitable as printed circuit boards or for the

production of printed circuit boards.

Copper is one of the most widely used metallic materials of
our time. Although copper 1is a semiprecious metal, this
material is readily oxidizable, which often has an adverse
effect on its use properties. This manifests itself not only
visually but also has in particular practical technical
disadvantages. Particular problems arise in the coating of

printed circuit boards, which are then assembled in soldering
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processes, copper wires which are used as electrical
conductors, or copper pipes. Finely divided copper powders are
practically impossible to produce and use without oxidation

protection.

Copper 1is normally not, 1like iron and steel, provided with
protective coatings which in the case of lacquers often have
to be applied 1in several layers. Instead, as protection
against copper corrosion, substances which form complexes with
copper, such as for example imidazoles, Dbenzimidazoles,
benzotriazoles, and imidazole-2-thione, are predominantly .

used.

Such organic complexing agents are admittedly inexpensive and
easy to process, however they display a number of
disadvantages. Thus formulations with imidazoles or
benzimidazoles often contain formic acid and sometimes other
organic acids which smell unpleasant, are corrosive and have
toxicological disadvantages. In addition, the thermal

stability is low.

Therefore, in the production of printed circuit boards, for
protection against corrosion copper is often coated with other
metals such as for example gold, silver or tin, in order to
preserve the solderability of the copper contacts and the
copper-plated drill holes, which is otherwise lost in a very

short time through oxidation.

An overview of common solderable final surfaces and their
technical, economic, ecological and toxicological advantages
and disadvantages is to be found in “Alternative Technologies
for Surface Finishing - Cleaner Technology for Printed Wired
Board Manufacturers’”, EPA, Office of Pollution Prevention and
Toxics, June 2001, EPA 744-R-01-001.

Metallic coatings are in general very suitable for printed
circuit boards, however they also display a number of
disadvantages. Coatings with gold are expensive not only on

account of the high gold price, but in addition require
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special processes for the application of the gold layer. For
example, gold cannot be chemically applied in so-called
horizontal plants but. only in vertical plants, which results
in additional high process costs. A further technical risk is
the so-called “black pad“ phenomenom, which is a corrosion
phenomenom. Furthermore, soldered joints with a nickel-gold
surface are not totally reliable because of the formation of a
nickel-phosphor or phosphor phase which weakens the soldered

joint.

The application of silver 1is poorly reproducible, and the
necessary plants are difficult to regulate. 1In addition,
silver-plated copper pads often tarnish e.g. due to sulphur
compounds contained in the air. In addition, the mechanical
strength and electric reliability of soldered joints on
silver—-plated copper pads 1is often greatly impaired by so-
called “microvoids” which appear at the Dboundary surface

(interfacé).

A disadvantage common to all metallic coatings is that the
deposition of the metallic coat requires a lot of time, which
causes considerable apparatus and processing costs. On the
other hand, organic coats are applied in a very much shorter

time.

Tin is admittedly satisfactory from the technical and economic
point of view in particular when it is applied with the aid of
an organic metal, such as for example in the ORMECON CSN-
process of Ormecon GmbH, Ammersbek, Germany. However its
deposition as a rule requires several minutes (e.g. between 15
and 25 minutes), which renders correspondingly large-sized

plants necessary in order to ensure a high throughput.

A process is known from German patent application DE 10 2004
030 388 (“OMN”) with which the copper surfaces (“pads”) to be
soldered are coated with dispersions which contain
substantially intrinsically conductive polymers which equally

protect against oxidation and preserve solderability.
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This process 1is superior to conventional, purely organic
coatings, so-called “OSPs” (= Organic Solderability
Preservatives) in their resistance to aging, but still has
some disadvantages. One of the disadvantages 1is that the
coating is not visually detectable due to its thin layer
thickness (less than 100 nm), which makes an initial quality
check difficult. Moreover, its resistance to aging - although
clearly improved compared with conventional OSPs - 1is still

much less than that of metallic coatings.

From EP O 807 190 Bl, a process for the production of
metallized materials is known in which the material to be
metallized is first coated with an intrinsically conductive
polymer, the intrinsically conductive polymer is then
activated by reduction and finally the metal is applied in a
non-electrochemical manner, wherein the coated material is
brought into contact with a solution of ions of the metal. The
process 1is particularly suitable for the deposition of tin
onto copper but also for the metallization of plastic

surfaces.

The object of the invention is thus to provide an organic
coating which has almost all of the properties of metallic
coatings on copper, or provide a metallic coating which can be
applied as quickly and easily as organic coatings, without
losing too many properties in the process. Also, the coating

of the invention should be capable of being prepared with very
good reproducibility, and should not show the disadvantages

associated with the prior art processes discussed above.

The above-defined object is achieved according to the
invention in that a coating is applied to copper which
contains one or more intrinsically conductive polymers or
organic (nano-) metal(s) precious metal(s) and/or semiprecious
metal (s).

Specifically, according to a first aspect of the invention,
the object is achieved through a coated article which

comprises
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(i) at least one electrically non-conducting base layer,
(ii) at least one layer of copper and/or a copper alloy,
and
(iii) a layer which contains at 1least one electrically

conductive polymer and at least one precious metal

and/or semiprecious metal.

The article is characterized in that the copper or copper
alloy layer (ii) is positioned between the base layer (i) and

layer (iii) containing the conductive polymer.

Furthermore, according to a second aspect of the invention,

the object 1s achieved through a coated article  which

comprises

(1) at least one electrically non-conducting base layer,

(11) at least one layer of copper and/or a copper alloy,
and

(iii) a nanoscopic layer having a thickness of 100 nm or

less, which layer contains at least 80 weight-%,
relative to layer (iii), of at 1least one precious
metal and/cdr semiprecious metal different from

copper.

Further embodiments of the present invention are disclosed in
the = independent and dependent claims attached to this

description.

Layers according to  the invention can be prepared using a
~number of methods which are in common use in the field of
nanotechnology. Particularly preferred are methods wherein the
(semi)precious metal 1is dissolved 1in a dispersion of an
intrinsically conducting polymer or organic nanometal and

wherein the metal is deposited from this dispersion/solution.
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In the following description, unless specifically noted, the
disclosure on the details of the present invention relates to

both the first and second aspect of the invention.

The solution according to the invention is surprising 1in as
much as it was not to be expected in the light of the state of
the art  that a nanoscopic layer which contains a precious
metal and/or semiprecious metal and an electrically conductive
polymer could be produced and displays properties which
combine the positive properties of the organic layers and
those of the precious metals, despite the layers being thinner
by more than one order of magnitude than conventional metallic

end layers for preserving solderability.

The thickness of layer (iii) according to the first aspect of
the invention is preferably less than 1 um, which contradicts
the general expectation, according to which a larger effect
would be achieved with thicker layers. The thickness of layer
(iii) is preferably at least ca. 10 nm. Particularly preferred
are layer thicknesses of less than 500 nm such as 200 to 400
nm or 200 to 350 nm, e.g. about 300 nm, e.g. less than 200 nm.
These values relate to the complete thickness of the layer, .
i.e. metallic and organic components. A method suitable to
determine the layer thickness is an electrochemical
determination (galvanostatic coulometric measurement for

example) and / or determination by XPS.

The (average) thickness of layer (iii) according to the second
aspect of the invention is 100 nm or less in total- and less
than 10 nm insofar as the metal constituent is concerned. It
can be determined by using methods well known in the art, for
example electrochemically or by means of EDX (Energy
Dispersive X-Ray Analysis). Preferably, there are no other

materials between the layers (i), (ii) and (iii).

The layer does not necessarily need to be homogeneous, it can

be a more or less homogeneously thin layer or can be composed
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of individual particles with a somewhat bigger diameter, and

their average thickness meeting the above mentioned criteria.

The fact that the average thickness of layer (iii) as defined
above according to the second aspect of the invention is 100
nm or less, is contrary to the general expectation that layers

of higher thickness would show a larger or stronger effect.

According to the second aspect of the invention, the layer
contains at least 80% by weight of precious or semiprecious
metal. However, it 1is not necessarily homogeneous, of uniform
thickness or uniform density. The (semi)precious metal can
also be deposited in the form of nanoscopic spheres of 50 to
150 nm diameter. Those spheres are distributed regularly (from
a statistical point of view) on the copper surface. However,
preferably they are deposited along edges or grain boundaries.
Sometimes and in particular when the density of the nanoscopic
spheres increases, they may form lengthy chains. In order to
achieve good results, it may be sufficient that only about 10%
of the surface are coated with the (semi)precious metal. The
resulting effective thickness of the layer is therefore, in
the average, only a few nanometers, typically about 5 nm. It

can be measured by using XPS.

The values given herein with regard .to thickness and
composition of layer (iii) according to both aspects of the
invention relate to the values defined as hereinabove and

measured as described hereinabove.

According to both the first and second aspect of the present
invention, layer = (iii) «contains at least one electrically
conductive polymer and, optionally, organic copper complexing
agents, in particular nitrogen containing or other organic
compounds capabable of forming complexes with copper in
organic or aqueous solvents. In particular, the copper
complexing agent 1s selected from the group of nitrogen
containing  heterocyclic compounds or urea derivatives.
Preferred examples are imidazoles, benzimidazoles,

benzotriazoles, imidazole-2-thione, thiourea, urea,
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(sodium)ethylenediaminetetraacetate (EDTA), (K, Na-)tartrates,

ethylenediamine disuccinic acid.

The conductive polymer 1is preferably used in the form of an
organic metal. Combinations of different substances from this
substance class can be used. In the context of this invention,
if not otherwise stated, polymers are understood to mean

organic polymers.

Electrically conductive polymers or conductive polymers, which
are also described as “intrinsically conductive polymers’”, are
understood to mean substances which are built up of small
molecule ' compounds (monomers), are at least oligomeric by
polymerization, and thus contain at least 3 monomer units which
are linked by chemical bonding, display a conjugated n-electron
system in the neutral (non-conductive) state and can be
converted by oxidation, reduction or protonation (which is often
described as “doping”) into an ionic form which is conductive.
The conductivity is at least 107’ S/cm and is normally less than
10° S/cm. These polymers are referred to herein also simply as

“conductive” or “electrically conductive polymers”.

As doping agents, for example iodine, peroxides, and Lewis are
used in the case of doping by oxidation, or for example sodium,
potassium, calcium in the case of doping by reduction. Protic
acids such as para-toluene sulfonic acid or polystyrenesulfonic

acids or the like may be used for doping by protonation.

Conductive polymers can be chemically exceptionally diverse in
composition. As monomers, for example acetylene, benzene,
naphthalene, pyrrole, aniline, thiophene, phenylene sulphide,
peri-naphthalene and others, and derivatives thereof, such as
sulpho-aniline, ethylenedioxythiophene, thieno-thiophene and
others, and alkyl or alkoxy derivatives thereof or derivatives
with other side-groups, such as sulphonate, phenyl and other
side-groups, have proved useful. Combinations of the aforesaid
monomers can also be used as monomers. For this, for example
aniline and phenylene sulphide are linked, and these A-B dimers

then used as monomers. Depending on the objective, for example
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pyrrole, thiophene or alkylthiophenes, ethylenedioxythiophene,
thieno-thiophene, aniline, phenylene sulphide and others can be
bound together into A-B structures and these then converted into

oligomers or polymers.

Most conductive polymers display a more or less strong rise in
conductivity with increasing temperature, which identifies them
as non-metallic conductors. Other conductive polymers display a
metallic behaviour at least in a temperature range close to room
temperature in that their conductivity decreases with increasing
temperature. A further method of recognizing metallic behaviour
consists in the plotting of the so-called “reduced activation
energy” of the conductivity against the temperature at low
temperatures (down to near 0 K). Conductors with a metallic
contribution to the conductivity display a positive gradient of
the curve at low temperature. Such substances are described as

“organic metals”.

Organic metals are known per se. According to Wessling et al.,
Eur. Phys. J. E 2, 2000, 207-210, the transition from the state
of a non-metallic to an at least partially metallic conductor
can be effected by a single-step frictional or dispersion
procedure after completion of the synthesis of the intrinsically
conductive polymer, the process technology basis whereof 1is
described in EP 0 700 573 A. In this way, through the dispersion
procedure the conductivity 1is also increased, without the
chemical composition of the conductive polymer used being

significantly altered.

Preferred intrinsically conductive polymers are those mentioned
above. In particular, the following can be mentioned as
examples: polyaniline (PAni), polythiophene (PTh), poly(3,4-
ethylenedioxy-thiphens) (PEDT), polydiacetylene, polyacetylene
(PAC), poly-pyrrole (PPy), polyisothianaphthene (PITN),
polyheteroarylene-vinylene (PArV), wherein the heteroarylene
group can for example be thiophene, furan or pyrrole, poly-p-
phenylene (PpP), polyphenylene sulphide (PPS),
polyperinaphthalene (PPN), polyphthalocyanine (PPc) inter alia,

and derivatives thereof (which are for example formed with
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monomers substituted with side-chains or -groups), copolymers
thereof and physical mixtures thereof. Particularly preferred
are polyaniline (PAni), polythiophene (PTh), polypyrrole (PPy),
poly(3,4-ethylenedioxythiophene) (PEDT) , polythieno-thiophene
(PTT) and derivatives thereof and mixtures thereof. Most

preferred is polyaniline.

Layer (iii) contains at least one precious metal which "is
selected in particular from the group Ag, Au, Pt, Pd, Rh, Ir,
Ru, Os and Re, and/or a semiprecious metal which is selected
from Ni, Ti, Cu, Sn and Bi. Layer (iii) furthermore contains
one or more intrinsically electrically conductive polymers or
organic (nano-) metals or "~ mixtures thereof, optionally
together with = other substances such as non-electrically

conductive components, and / or copper complexing agents.

According to a preferred embodiment, layer (iii) contains
polymer blends, that is mixtures of conductive polymer /
organic metal (or a combination of several) with electrically
non-conductive polymers. Particularly suitable as non-
conductive polymers are water-soluble or water-dispersible
polymers, in particular polystyrene-sulphonic . acid,
polyacrylates, polyvinyl Dbutyrates, polyvinyl-pyrrolidones,
polyvinyl alcohols and mixtures thereof. Conductive and non-
conductive polymers are preferably used in the ratio of 1
1.5 to 1 : 20.

Layer (iii) can also contain further compounds 1like copper
complexing agents and other additives, in particular viscosity
modifiers, flow aids, drying aids, gloss improvers, flatting
agents and mixtures thereof, preferably in a concentration of
0.01 to 40 wt %, preferably 0.10 to 5 wt. % additive relative

to the mass of layer (iii).

The other copper complexing agents can be for ‘example
imidazoles, benzimidazoles, benzotriazoles, imidazole-2-

thione, thiourea and urea and comparable materials.
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According to the first aspect of the invention, layer (iii)
preferably contains 15 to 40% conductive polymer and other
copper complexing agents , and 15 to 40% precious metal(s) or
semiprecious metal(s), relative to the mass of layer (iii).
[OK]

According to the second aspect of the invention, layer (iii)
preferably contains more than 80% precious metal or
semiprecious metal, in particular more than 80% to e.g. 90% or

95%, based on the mass of layer (i).

It has been found that a combination of the conductive
polymer(s) '/ organic metal(s) with complexing agents such as
those which are capable of complexing <copper can Dbe
advantageous. Preferred complexing agents are 1imidazoles,

benzimidazoles or <comparable complexing agents, such as

benzotriazoles, urea, thiourea, imidazole-2-thione,
(Natrium)Ethylendiamin-tetraacetat (EDTA) , (Ka-, Na-
) Tartrates, Ethylendiamin-dibernsteinsdure, and mixtures

thereof, which are characterized by a relatively good thermal
stability.

As base layer (i), all materials used in printed circuit board
technology are .suitable, in particular epoxides and epoxide
composites, Teflon, cyanate esters, ceramics, cellulose. and
cellulose composites, such as for example cardboard, materials
based on these substances and flexible base layers, for
example based on polyimide. The base layer preferably has a

layer thickness of 0.1 to 3 mm.

The copper layer or copper alloy layer (ii) preferably has a

thickness of 5 to 210 pm, in particular 15 to 35 pm.

Between layer (ii) and layer (iii), a further metal or alloy
layer (iv) can be positioned. Layer (iv) preferably contains
silver, tin, gold, palladium or platinum. According to a
preferred embodiment, layer (iv) mainly contains, 1i.e. more’
than 50 wt. % relative to the mass of layer (iv), one or

several of the said metals. The said metals can in particular
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be present as an alloy with copper. According to another
preferred embodiment, layer (iv) consists exclusively of the
salid metals, either in pure form or in the form of an alloy.
Layer (iv) preferably has a layer thickness of 10 to 800 nm.
As well as the metal or the alloy, layer (iv) can contain
organic components, 1in a concentration of preferably 1 to 80
wt. % relative to the total mass of layer (iv) (metal content
20 to 99 wt. %). Preferred organic components are conductive
polymers or organic metals, or organic copper complexing

agents such as thiourea or benzotriazoles.

The articles according to the invention are particularly
suitable for the production of printed circuit boards, and the
articles are preferably printed circuit boards which are also
described as boards. These are thin plates used for the
assembly of electrical components, with holes through which

the leads of components are inserted for further soldering.

For the production of the coated articles according to the

invention and in particular of printed circuit boards

(1) a layer of copper or a copper-containing alloy is applied

onto the surface of a base layer;
(2) the layer produced in step (1) is structured; and

(3) a layer which contains at least one electrically
conductive polymer or organic (nano-)metal and at least
one precious metal or semiprecious metal is applied onto
the structured copper or copper alloy layer.

In the following description of the process of the invention,

unless specifically noted, the disclosure relates to articles

comprising a coating as defined with regard to both the first

and second aspect of the invention as defined hereinabove.

According to a preferred embodiment of the process, the copper
or copper alloy layer (ii) 1is degreased and cleaned following

step (1). For this the articles are preferably treated with



WO 2008/031492 13 PCT/EP2007/007467

normal commercial acidic cleaners. Cleaners based on sulphuric
acid and citric acid, such as for example the cleaner ACL 7001
from Ormecon GmbH, are preferred. The articles are preferably
left in the cleaning bath for about 2 minutes at 45°C and then

washed with water.

In addition, it 1is preferable to pre-treat the copper or
copper alloy layer (ii) oxidatively following step (1) or
after the cleaning, for example by etching the surface with
H,0, or inorganic peroxides. Suitable etching solutions are
commercially available, for example the hydrogen peroxide-
containing solution Etch 7000 from Ormecon GmbH or other
peroxides. The articles are preferably 1left in the etching

solution for about 2 minutes at 30°C.

The layer produced in step (1) 1is preferably structured by
lithographic or etching processes, whereby the conductor track

structure is created.

The implementation of the individual steps of the above
process 1s known per se to the skilled person. Preferably
layer (iii) is applied to the article by treating this, after
rinsing with water, with a dispersion of the . conductive
polymer (s) or organic metal(s) in a dispersion agent which is
liquid at room temperature, for example by immersion of the
article in the dispersion or by application thereof onto the

article.

The electrically conductive polymer or polymers are preferably

contained in the dispersion medium in colloidal form.

The precious metal or precious metals or semiprecious metals

are contained as water-soluble ions in the dispersion medium.

According to the first aspect of the invention, to deposit a-
layer based on an intrinsically conductive polymer and e.g.
silver, a dispersion having a concentration of up to 150 mg/l
Ag ions (e.g. in form of AgNO;3, but any other Ag salt may be

taken as well) may be used, and the coating takes place at room
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temperature (about 20°C) for 60 to 120 sec. Preferably, the
article is contacted with the dispersion for 30 seconds to 5

minutes at room temperature.

According to the second aspect of the invention, it has been
found that starting from a concentration of 150 mg/l of e.g.
AgNO3; or another precious or semiprecious metal according to
the invention and when using coating times of more than 60
sec., preferably at least 90 sec., and at temperatures above
room temperature, e.g. above 25°C, preferably above 30°C, the
organic proportion of the layer decreases to below about 20%.
Thus, the one or more precious metal or semiprecious metal are
present in the dispersion medium as water-soluble ions in a
concentration of 2 150 mg/l, e.g. in ©particular in a
concentration of 180 mg/l, such as, for example, 200 mg/l or
in a range of more than 150 mg/l to 250 mg/l, e.g. up to about
500 mg/l or to 1000 mg/l. Also, concentrations up to several
g/l may be used, for example, up to 10 g/l. Preferably, the
article is contacted with the dispersion at 2 25°C for more
than 60 sec. up to 5 min., e.g. for 90 to 100 sec. Preferably,
the contacting is done at a temperature of 35°C to 45°C for 90
to 120 sec.

Thus, the nanoscopic layers according to the second aspect can
be prepared by a comparatively small change in the coating
process parameters as compared to those of the first aspect of

the present invention.

Furthermore, it 1s noted that this does not significantly
change the further properties of the coating. Rather to the
contrary, the layer according to the second aspect of the
invention may be even more stable. against a number of aging
effects. For example, the wetting angles are even better and

even after 10 reflow steps are below 50°.

Furthermore, the nanoscopic layers according to the second
aspect of the invention are particularly stable when being
stored under moist conditions (at 85°C/85% relative moisture
for 8 to 24 hrs).
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The layers formed according to this invention may appear in
form of more or less homogeneous thin layers (which do not
show specific features in SEM due to their nanoscopic size) -
see figure 3a - with only a small number of distinct particles
of small wsize, or can occur in form of layers mainly
consisting of distinct particles (see the SEM image in Figure
3c)

Figure 3b shows an example of a coating according to the
second aspect of the invention. Also here, no special features
can be seen on the surface (apart from the copper crystal

structure underneath the thin layer deposit).

Additional components, such as electrically non-conductive
polymers and additives, can be dissolved in the dispersion
medium or also be present therein 1in colloidal form. As
dispersion media, organic solvents, preferably organic
solvents miscible with water, water and mixtures thereof are
suitable. Preferred solvents miscible with water are alcohols,
in particular alcohols with a boiling point of more than 100°C
and preferably below 250°C. After the application of the
dispersion onto the article, this is gently dried and if
necessary further dispersion is applied, until the desired
layer thickness is attained. The production and wuse of
dispersions suitable for coating is known from the state of
the art, see for example EP 0 407 492 BIl.

Water and aqueous solvents are preferred as the dispersion
medium. These are advantageous not only with regard to
emissions and the non-wetting of the solder stop lacquer; it
has also been found that water and aqueous solvents yield
better results. This was “surprising in that oxidation
processes on copper proceed particularly rapidly in an aqueous
environment. Solder stop lacquer is used to mask the areas of
the printed circuit board which must not be wetted by the
solder during the assembly process. The solder stop lacquer

should not be wetted by the conductive polymer, since
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otherwise this would cause short circuits between the copper

surfaces.

Preferably dispersions which contain no formic acid or acetic
acid are used, however, other acids and/or buffers can be

contained in the dispersions.

Surprisingly it was shown that certain dispersions produced
commercially by Ormecon GmbH are suitable for reaction with
precious or semiprecious metal ions and for reformulation into
dispersions which can deposit homogeneous layers in the
shortest possible time. The dispersions D 1021, D 1022, OMP
7000 and OMN 7100 or 7200 from Ormecon GmbH are particularly
suitable as starting dispersions. OMN 7100 and D 1022 are
preferred. Both are aqueous dispersions with approximately

0.5 % organic metal.

The doping agent is not critical. Para-toluene sulfonic acid,
methane sulfonic acid or polystyrene sulfonic acid are

preferred. Mixtures thereof may alsoc be used.

In another embodiment, the dispersions of the conductive
polymer (s) or organic metals  and the solutions of the
precious/semiprecious metal(s) can be used separately 1in
succession, wherein the conductive polymer dispersion serves
as a pre-treatment and the precious/semiprecious metal is then
depositéd on the Cu surface pre-treated with the conductive

polymer/organic metal.

The coated articles according to the invention are
characterized in particular in that they can not only be
soldered well even after prolonged storage, but are also
solderable several times, 1.e. can be wused in multistage
soldering processes, so-called reflow processes. In this
respect, the properties of (much thicker) metallic coatings

were reached or exceeded.

In aging tests, the new coating, in particular that of the

second aspect, is superior to all other known surface
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finishings. During the aging process, the colour does hardly
change. (The original colour is a mat silver-grey with copper-
colour shining through, however, the copper red Dbeing
significantly reduced). It merely becomes a bit darker. 1In
reflow tests, even after 10 reflow steps, there was no

decrease in the solderability.

In contrast to silver—-finished surfaces and electroless
nickel/gold, but also 1in contrast to conventional (OSP)

surfaces, there are no microvoids.

In contrast to <conventional silver surfaces, there 1is no
tarnish and no reduction in the solderability during storage
under normal air atmosphere. (Printed circuit boards having a
silver surface finish normally have to be sealed shortly after
their manufacture to protect them against tarnish and loss of.

conductivity.)

Furthermore, compared to other (prior art) coating procedures
suitable for depositing e.g. 5 or 10 nm silver layers or
procedures suitable for depositing spheres of, for example, 50
to 100 nm in size, a layer prepared by the preferred method of
the present invention shows clearly better aging properties.
E.g. Ag layers of nanometer thickness prepared according to
methods known in the prior art are hardly resistant against
aging and the initially good conductivity decreases quickly.
This does not happen to the coatings of the present invention.
Obviously, the surface and the deposition are  favourably

influenced by the organic nanometal (the conductive polymer).

The dispersions according to the invention as herein defined
can also be used to protect copper powders against oxidation,
wherein the copper powder particles have a size 1in the
micrometer range or submicrometer range, 1i.e. smaller than

1 pm.

Below, the invention is further illustrated by means of the

figures and by non-limiting examples.
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Figure 1 shows a printed circuit board with a test design.
Figure 2 shows the heat profile used in a reflow test.

Figure 3a shows an SEM image of a layer with a more

homogeneous morphology.

Figure 3b shows an SEM image of a layer obtained according to

the second aspect of the invention.

Figure 3¢ shows an SEM image of a layer with a more

particulate morphology.

Figure 4 shows a layer prepared according to the second aspect

of the present invention which does not show any microvoids.

Figure 5 shows an XPS depth profile of the freshly prepared

surface of a coating according to the present invention.

Figure 6 shows a scheme of process for providing a solderable
surface coating (surface finish) for printed circuit boards
(PCBs) .

Figure 7a shows potential-time-curves for Cu (middle curve),
Ag coated on Cu by immersion. (curve on the right) and for a
~nanolayer according to the present invention coated on Cu by
immersion (curve on the left) determined in a galvanostatic

coulometric measurement.

Figure 7b shows a comparison by a galvanostatic coulometric
measurement between ‘layers according to the first and to the
second aspect of the invention (curve on the left: first
aspect, curve in the middle and on the right: second aspect,
with 225 and 450 mg/l Ag, resp.) '

Figure 8 shows potential-time curves for a copper surface
being coated according to the present invention for different

immersion times.
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Figure 9 shows a comparison of depth profiles of copper and
silver on the treated copper surfaces before and after one
reflow step. At the surface, the silver to copper ratio
changes during the reflow process (the ratio becomes smaller),
but from a depth of about 2 nm on no change in the ratio can

be detected after the reflow process.

Figure 10 shows the ratio of metallic to oxidized copper in

the fresh sample (surface).

Figure 11 shows the ratio of metallic to oxidized copper after

one reflow step.

Figure 12 shows the surface potential of a copper surface
treated with organic metal / silver nanoparticle finish in the

fresh stage after finishing.

Figure 13 shows PCB before surface finish, after surface

finish and after surface finish and aging.
Examples

Example 1: Production of coated printed circuit board

according to the first aspect of the invention

Epoxy resin composite printed circuit boards were cleaned and
degreased using a normal commercial cleaner based on sulphuric
acid and citric acid (ACL 7001, Ormecon GmbH) in a cleaning
bath for 2 minutes at 45°C. The printed circuit boards used
had a test design (see Figure 1), which has been agreed with
test institutes and printed circuit board manufacturers and is
modelled on real printed <circuit board structures. These
boards enable the solderability to be measured and assessed.
Next, the printed circuit boards were rinsed with tap-water at
room temperature and then treated with an H;0,-containing
etching solution (Etch 7000, Ormecon GmbH) for 2 minutes at
30°C. After etching, the boards were again rinsed with tap-
water at room temperature and then coated with AgNO3 with a

dispersion according to the invention in the form of OMN 7100.
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For this purpose, the boards were immersed in the aqueous
dispersion at room temperature for 1 minute. After this, the

printed circuit boards were dried at 45 to 75°C.

Example 2: Production of coated printed circuit boards with
OMN 7100

Printed circuit boards were coated analogously to Example 1,

but wherein the dispersion OMN 7100 used contained no AgNOs;.

Examples 3 and 4: Production of coated printed circuit boards

(comparison)

Analogously to Examples 1 to 2, printed circuit boards were
coated with normal commercial agents based on benzotriazole in
accordance with the respective use instructions (Glicoat Tough
Ace F2 (LX); Shikoku Co., Japan, Example 3 and Entek Plus Cu
106 A, Enthone OMI, Netherlands, Example 4).

The appearance of the produced samples is given in Table 1.

Table 1: Appearance of the coatings

Example Actlvellngre§1ent in Appearance of the treated boards
dispersion
1 OMN 7100 with AgNO3 31lv§ry with a copper colour
showing through
2 comparative test OMN 7100 |freshly copper-coloured
3 comparative test OSP 1 freshly copper-coloured
4 comparative test OSP 2 freshly copper-coloured

Example 5: Soldering angle measurement

The boards were subjected to a reflow test. The board was
subjected in a commercial reflow oven to a heat profile (as
shown in Figure 2) which was used for modern lead-free
soldering methods. The reflow cycles served for the simulation
of repeated soldering operations. The soldering angle was then

measured by means of a soldering balance.
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The results of the soldering angle measurements are shown in
Table 2.

Table 2: Results of the soldering angle measurement

Reflow Soldering
Test cycles Appearance angle (°)
1 0 silvery-copper coloured 12
1 slightly darkened 28
silvery-copper coloured
2 little further change 28
3 little further change 33
2 0 freshly copper-coloured 21
1 orange 28
2 dark orange 35
3 bluish-silver 45
3 0 freshly copper-coloured 24
1 iridescent bright purple 45
2 more marked 68
discoloration
3 marked oxidative 99
discoloration
(iridescent purple)
4 0 freshly copper-coloured 21
1 iridescent bright purple 42
2 more marked 51
discoloration
3 marked oxidative 84
discoloration
(iridescent purple)

It can be seen that the coating according to the invention has
small soldering angles even after repeated reflow cycles. This

indicates better solderability.

Example 6: Production of coated printed circuit board

according to the second aspect of the invention

Epoxy resin composite printed circuit boards were cleaned and
degreased as described in Example 1. The printed circuit
boards used had a test design and were rinsed with tap-water
at room temperature and then treated with an H;0,-containing
etching solution as described in Example 1. After etching, the
boards were again rinsed with tap-water at room temperature

and then coated with a dispersion according to the invention
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in the form of OMN 7100 containing AgNO; in a concentration of
200 mg/l. For this purpose, the boards were immersed in the
aqueous dispersion at a temperature of 35 °C for 90 s. After
this, the printed circuit boards were dried at temperatures of
up to 100 °C.

Example 7: Production of coated printed circuit boards with
OMN 7100

Printed circuit boards were coated analogously to Example 1,

but wherein the dispersion OMN 7100 used contained no AgNOs;.

Example 8: Production of coated printed circuit boards

(comparison)

Analogously to Example 7, printed circuit boards were coated
with normal commercial agents based on Dbenzotriazole in
accordance with the respective use instructions (Shikoku Co.,

Japan) .
Example 9: Soldering angle measurement
The boards were subjected to a reflow test as described in

Example 5. The results of the soldering angle measurements are

shown in Table 3.
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Table 3
Experiment Reflow- Soldering|(WA after (WA after
steps Angle 85°C/85% |aging at
WA(°) rel 155°C/4h
moisture
16 hr
Example 7 0 15-20 70 25-30
1 20-25 70 25-30
2 25-30 25-30
3 20-30 30-35
4 30-35 30-40
5-10 30-40
Example 8 0 20-30 45-60
(Comparison |1 30-50 70-80
,»OM 2 35-70 65-80
Nanofinish") |3 65-70 110-130
4 75-85 -
For 0 15 80 20
Comparison 1 25 >90 30
ORMECON 2 30 35
CSN 3 45 50
4 60 70
Example 9: 0 25-30 >90
(Comparison) |1 40-50 >90
Conventional |2 65-70 >90
oSsp 3 >90 >90
4 >90
Example 10

10.1 Synthesis and dispersion of polyaniline

Polyaniline powder was synthesized by oxidative polymerization
of aniline in the presence of p-toluene sulfonic acid as
dopant as described in WO-A-89/02155. The resulting green
polymer powder had a conductivity of 5 S/cm measured as a
pressed pellet (10 t pressure at room temperature for

5 minutes).

The subsequent dispersion of the polyaniline was performed
according to the process described in PCT/EP2005/000595.
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10.2 Preparation of organic metal / silver dispersion

First, a polyaniline dispersion in water was created following
reference. The dispersion had a particle size of 55 nm
(measured by Laser Doppler technique) and showed a
conductivity of 180 S/cm when deposited as a homogeneous layer .
on a glass substrate. Dispersing and surface active agents to
improve soldering and AgNO3 (150 mg/l) were added to the
dispersion. After thorough mixing the dispersion is ready to

use.

10.3 Providing a solderable surface coating (finish) for PCBs

The process of providing a solderable surface finish for PCBs
| using the organic metal / silver nanoparticle finish (as shown
in figure 6) 1is a procedure starting with an acid cleaning,
followed by a microetch pretreatment step and then by the
deposition of the active organic metal / silver layer, ending
with rinsing and drying of the PCB. The OM/Ag dispersion

deposition was carried out at 35°C for 90 sec.

In the first step the PCB 1is pretreated by a dispersion
containing polyaniline (1l). In the following step the board is
cleaned using an acidic solution (2), followed by two rinsing
steps (3 & 4) in water. An acidic solution is wused as a
conditioner (5). In the most important step the organic metal
/ silver nanolayer 1is deposited on the PCB using the aqueous
dispersion of polyaniline containing a silver salt (6). After
that the PCB is rinsed twice in water (7 & 8) and dried (9).

10.4 Electrochemical thickness determination

With a galvanostatic coulometric measurement (GCM) a metallic
coating 1is removed from i1ts metallic or non-metallic substrate
by wusing an electrolyte and applying an electric current
(according to DIN EN ISO 2177 and ASTM B504). The current is
controlled (frequently held constant) and the potential
becomes the dependant wvariable, which is determined as a

function of time.
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The constant current 1 applied to the electrode causes the
metallic coating Mep to be oxidized at a constant rate to the
product Mex"™ (n = number of electrons reduced). The potential
of the electrode moves to values characteristic of the couple
Mea/Mep™. After the complete oxidation of the coating Me, the
potential at the electrode will rapidly change towards more
positive values until a second oxidation process can start at

the new interface Mez (intermetallic phase or second metal).

The relationship of the oxidized mass 1s quantitative

according to Faradays law (1):

m=1ixtxM/nzxT F (1)
with i= applied constant current
t = transition time
M = molecular weight
n = number of electrons

F = Faraday constant

Equation (1) does not hold if secondary reactions occur and
the current is not exclusively used for oxidation of Mep or the

reduction of oxides.

The electrochemical cell consisted of a working electrode with
a 0.25 cm® area, designed specifically for the evaluation of
layer thickness, a platinum wire counter electrode and a
reference electrode (Ag/AgCl in 3 mol KC1l). The test
electrolyte was filled into a 50 ml glass body with three
14.5/23 standard tapers and the electrodes are mounted with
taper joints. The electrolyte used was a water based solution

of potassium thiocyanate. The electrolyte was not deaerated.

As shown in Figure 7, at the indicated potential regions the

following reactions occurred:

E < -0.2 V : Cu + SCN™ > CuSCN + e~
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E =-0.05V : Ag + 4 SCN™ > [AG(SCN),.]1% + e~
E > 0.10 V : CuSCN + SCN~ > CuSCN, + e~

The finish of +the copper surface 1in dependence on the
immersion time in organic metal. / silver nanoparticle finish
is displayed in figure 8. The potentials indicate that the
amount of free copper surface decreases slowly at the
beginning of the process, having the highest rate between 40
and 60 s immersion time and after 60 s the rest of the free
copper surface is coated slowly. After about 90 s there is no

free copper detectable.

10.5 Morphology investigation by SEM

Figure 3 shows a scanning electron microscopy (SEM) image of
copper pad of a PCB after treatment with the organic metal /
silver nanoparticle finish. The measurements were done using a
field emission SEM from LEO, type 1530VP with appropriate test
panels on which the Pani-Ag complex had been deposited under
standard conditions. The microscope was calibrated regularly
using a standard certified by the PTB (Physikalisch Technische
Bundesanstalt in Braunschweig, Germany) Standard No.5282-PTB-
04).

10.6 XPS investigations

The x-ray photoelectron spectroscopy (XPS) measurements were
done using an ESCALAB 250 from Thermo VG Scientific with
appropriate test panels on which the Pani-Ag complex had been
deposited under standard conditions. The information depth is
about 5 - 10 nm, the detection limit differs from element to
element but is around 0.1 At%. Monochromatic Al Ko x-rays were
used (15 kV, 150 W) and the spectra were measured using a pass
energy of 80 eV for survey spectra and 30 eV for core level
spectra. If necessary charge compensation was done using a

Flood Gun (e- energy ~ 6eV / 0.05 mA current)
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Quantitative information about the surface composition was
calculated from survey spectra using the standard Scofield
sensitivity factors (J.H. Scofield, Journal of Electron Spec-
troscopy and Related Phenomena 8, 129, (1976)). The error can
be estimated to be typically ~ 10 %; statistic errors of
single measurements were calculated wusing the method of
Harrison and Hazell (SIA, 18, 1992, p. 368 - 376).

The ratio of metallic to oxidized copper on the surface of the
fresh sample and the sample after reflow are shown in figure

11 and 12. This ratio did not change in the reflow process.

10.7 Kelvin Potential

The surface potentials of copper, oxidized copper, silver on
copper after immersion and organic metal / silver nanoparticle
finish on copper after immersion were determined using a
scanning kelvin probe (SKP, UBM Messtechnik GmbH, Ettlingen,
Germany). The volta-potential measured with a kelvin sensor is
suitable for non-contact measurements of surface potentials
(M. Stratmann, H. Streckel and R. Feser, Corros. Sci. 32, 467
(1991)). The measured object, the working electrode, and the
reference electrode of the Kelvin probe form, due to the small
gap between them, a capacitor. The amplitude of the potential
developed between them shows the degree of surface activity. A
periodic variation in separation by means of an actuator built
into the sensor changes the capacitance of the set-up. The
resulting signal is converted to a measurement signal by means
of a lock-in amplifier ({Information brochure of UBM
Messtechnik  GmbH, Ettlingen (1996)). The volta-potential
difference is directly determined by the surface potential (M.
Stratmann, M. Wolpers, H. Streckel and R. Feser, Ber.
Bunsenges. Phys. Chem. 95, 1365 (1991)).

As vibrating reference electrode a tungsten wire with a tip
diameter of 80 um was used. The tip was positioned about 25 pm
above the specimen, the vibration amplitude was *10 pm and the

vibration frequency of the needle was 1.75 kHz. As the
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measurements were performed in laboratory atmosphere, gold was

used as reliable reference material.

The Kelvin potentials of different treated and untreated

copper surfaces are summarized in Table 4.

Table 4: Kelvin potentials of different surfaces

Surface Kelvin potential [mV]
Cu (pure, unoxidized) 70
Cu oxides 150 - 180

Cu treated with organic metal /|[320 - 340
silver nanoparticle finish (50 nm

layer)

Cu treated with immersion silver|400

(500 nm layer)

10.8 Thermal ageing and solderability determination

The thermal aging was performed to simulate soldering and
storage conditions. To simulate soldering conditions test
panels on which the PAni-Ag complex had been deposited under
standard conditions were aged up to 4 times in the reflow oven
RO 300 FC N2 from Essemtec, Swizerland. A lead free soldering
profile was chosen with a peak temperature ~ 250°C. To
simulate storage conditions other test panels were aged 4h at
155°C in the IR hot air oven Techno HA-06 from Athelec.

The solderability measurements were preformed using the
wetting -‘balance Meniscograph ST60 from Metronelec with
appropriate test panels on which the Pani-Ag complex had been
deposited under standard conditions. The solderability of the
panels was determined as wetting angle under lead free
soldering conditions. The solder Sngs sAgs.gCup.7 (260 °C) from
Ecoloy and fluxer 959 T from Kester were used. The measurement
data was converted to wetting angle using the software from
Metronelec according to the standard NF-A-89 400P.
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The performance of copper surfaces treated with organic metal/
silver nanoparticle finish and established metallic surface

finishes is compared before and after reflow in Table 5.

Table 5: Wetting angles before and after reflow process for

different surfaces

Process Reflow cycles |Wetting angle|Wetting angle
[°] after ageing at
155 °C for 4 h
[°]
established 0 15 20
metallic 1 25 30
surface 2 30 35
finishes 3 45 50
4 60 70
Organic 0 15-20 25-30
metal /|1 20 - 25 25 - 30
silver 2 25 - 30 25 - 30
nanoparticle |3 20 - 30 30 - 35
finish 4 30 - 35 30 - 40

Thus, surprisingly and in contrast to the formerly developed
dispersion “OMN 71007 (which forms a coherent thin layer on
the Cu surface), the same dispersion only containing a minor
amount of Ag 1s forming a nanoparticulate discontinuous layer.
The particles were around 100 nm small and exclusively located

on the phase boundaries of the Cu crystallites.

Assuming a density of 1.3 g/cm® (as in polyaniline) and a
transfer of 2 electrons per 4 aniline monomer units, the
electrochemical measurements lead to a nominal average
thickness of the Polyaniline-Ag layer of around 50 nm. XPS
measurements showed that the Silver within these 50 nm only

has a nominal average thickness of about 4 nm.

The electrochemical investigation (Fig. 7) showed that a new

form of complex has formed. The potential at which this
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complex is oxidized is significantly different from Ag on Cu

and also from polyaniline alone.

This is also confirmed by the Kelvin probe measurements which
show the surface potential (Fig. 13 and Table 5).

The XPS showed a very small amount of the Cu surface atoms to
be in oxidized stage even after thermal ageing under ambient
atmosphere (Fig. 11 and 12), only around 20 - 25%, and ageing
does not change the degree of oxidation. Also, during ageing,
the Ag did not migrate into the Cu (Fig. 9 and 10).

For the practical industrial application in PCB assembly, this
surface finish seems to be exceptional. It does not show any
discoloration during reflow, and the wetting Dbehaviour
(according to wetting balance studies) 1is superior to any
metallic surface finish (Table 5). Tests in PCB manufacturing
and 1in assembly facilities have confirmed this. Figure 14
shows a printed circuit board before treatment, directly after
the surface coating (i.e. surface finish) with organic metal /
silver nanoparticle finish and the surface after treatment and

aging.
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Claims

Coated article, which comprises

(1) at least one electrically non-conducting base
layer,

(ii) at least one layer of copper and/or a copper
alloy, and

(iii) a layer which contains at least one electrically

conductive polymer,

wherein the copper or copper alloy layer (ii) is
positioned between the base layer (i) and layer (iii)
containing the conductive polymer, characterized in that
layer (iii) contains at least one precious metal or at

least one semiprecious metal or a mixture thereof.

Coated article according to claim 1, in which the precious
metal is selected from the group consisting of Ag, Au, Pd,
Pt, Rh, Ir, Ru, Os, Re, preferably Ag, Au, 1in particular -
Ag.

Coated article according to claim 1 or 2, in which the
semiprecious metal is selected from the group consisting

of Ni, Ti, Cu, Sn, Bi, in particular Ni, Ti.

Coated article according to one of the previous claims, in

which layer (iii) has a layer thickness of 10 nm to 1 pm.

Coated article according to claim 4, in which layer (iii)

has a layer thickness of less than 500 nm.

Coated article according to claim 4, in which layer (iii)

has a layer thickness of less than 200 nm.

Coated article according to one of the previous claims, in

which layer (iii) contains 5 % to 45 % of conductive
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polymer and 5 to 45 % of (semi)precious metal, relative to

the mass of layer (iii).

Coated article according to claim 1, wherein layer (iii)
is a nanoscopic layer having an average thickness of 100
nm or less, which layer contains at least 80 weight-%,
relative to 1layer (iii), of the at least one precious

metal and/or semiprecious metal other than copper.

Coated article according to claim 8, wherein layer (iii)

has an average thickness of 2 to 100 nm.

Coated article according to claim 8, wherein layer (iii)
has an average thickness of less than 10 nm.

Coated article according to one of the previous claims, in
which layer (iii) contains also at least one electrically

non-conducting component.

Coated article according to claim 11, in which the

electrically non-conducting component is a polymer.

Coated article according to one of the previous claims, in

which layer (iii) contains at least one complexing agent.

Coated article according to one of the previous claims, in

which the complexing agent is a copper complexing agent.

Coated article according to <claim 13, in which the
complexing agent is selected from benzimidazoles,
imidazoles, benzotriazoles, urea, thiourea, imidazole-2-
thiones, (sodium) ethylenediamine tetraacetate (EDTA), (K-
; Na-)tartrates, ethylenediamine-disuccinic acid, and

mixtures thereof.

Coated article according to one of the previous claims, in
which the electrically conducting polymer is selected from

polyaniline (PAni), polythiophene (PTh), polypyrrole
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(PPy), poly(3,4-ethylenedioxythiophene) (PEDT), polythieno-

thiophene (PTT), derivatives thereof and mixtures thereof.

Coated article according to one of the previous claims, in
which the base layer (i) contains epoxide, epoxide
composite, Teflon, cyanate ester, ceramic, cellulose,

cellulose composite, cardboard and/or polyimide.

Coated article according to one of the previous claims, in
which the base layer (i) has a layer thickness of 0.1 to 3

mm.

Coated article according to one of the previous claims, in

which layer (ii) has a layer thickness of 5 to 210 um.

Coated article according to one of the previous claims,
which contains a further metal or alloy layer (iv), which

is positioned between layer (ii) and layer (iii).

Coated article according to claim 18, in which layer (iv)

contains silver, tin, gold, palladium or platinum.

Coated article according to claim 18 or 19, in which layer

(iv) has a layer thickness of 10 to 800 nm.

Coated article according to one of the previous claims in

the form of a printed circuit board.

Process for the production of a coated article according

to claim 23 in which

(1) a layer of copper or of a copper-containing alloy 1is

applied onto the surface of a base layer,
(2) the layer produced in step (1) is structured; and
(3) a 1layer which contains at least one electrically

conductive polymer and at least one precious metal

and/or at least one semiprecious metal or a mixture
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thereof 1is applied onto the structured copper or

copper alloy layer.

Process according to claim 24, in which the precious metal
is selected from the group consisting of Ag, Au, Pd, Pt,
Rh, Ir, Ru, Os, Re, preferably Ag, Au, in particular Agqg.

Process according to <claim 24 or 25, in which the
semiprecious metal 1is selected from the group consisting

of Ni, Ti, Cu, Sn, Bi, in particular Ni, Ti.

Process according to one of claims 24 to 26, in which the
copper or copper alloy layer (ii) is subjected to cleaning

following step (1).

Process according to one of claims 24 to 27, in which the
copper or copper alloy layer (ii) is subjected to an
oxidative pre-treatment following step (1) or after the

cleaning.

Use of a dispersion which contains a dispersion medium
which is liquid at room temperature, at least one
electrically conductive polymer and at least one precious
metal and/or semiprecious metal, for the prevention of the
corrosion and/or the prevention of a loss of the

solderability of printed circuit boards.

Use according to claim 29, in which the dispersion
contains at least one further component, which is selected
from electrically non-conductive components, complexing
agents, viscosity modifiers, flow aids, drying aids, gloss

improvers, flatting agents and mixtures thereof.
Use according to claim 29 or 30, in which the dispersion
medium contains water, an organic solvent miscible with

water or a mixture thereof.

Coated article obtainable by a process in which
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(1) a layer of copper or of a copper-containing alloy is

applied onto the surface of a base layer,

(2) the layer produced in step (1) is structured; and

(3) a layer which contains at least one precious metal
and/or at least one semiprecious metal or a mixture
thereof is applied onto the structured copper or
copper alloy layer from a dispersion containing at

least one electrically conductive polymer.

Coated article according to claim 32, in which the layer

applied in step (1) is as defined in any of claims

Coated article according to «c¢laim 32, in which the
dispersion used in step (3) is as defined in any of claims
29 to 31.

Coated article according to claim 32, in which the
dispersion also contains a copper complexing agent as

defined in claim 15.
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Figure 3c
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Figure 4
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Figure 5
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Figure 6
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Figure 7a
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Figure 9
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Figure 10

100 ™ r'S ° rS ™

90 -
80 -
70

60

50 - —— Cu (met) %
- Cu (ox) %

40 -

composition in At%

30 -

20

0 T T T {1 T 4.1 T “..\'——-—_-

- 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00 9,00 10,00

estimated depth in nm



WO 2008/031492 PCT/EP2007/007467

14/16
Figure 11
100,00 % * -
90,00
o
2 8000 4
£ 7000
8
£ 6000
723
8 5000 - -+ Reihe1
£ -# Reihe2
S 4000 - Reihe
(3]
2
5 30,0
5
® 2000
10,00

- 1,00 2,00 3,00 4,00 5,00 6,00 7.00 8,00 9,00 10,00

estimated depth in nm



WO 2008/031492 PCT/EP2007/007467
15/16

Figure 12
500
S [1400-500
E, 400 W 300-400
S 200-300
=
[}]
5 300
a




WO 2008/031492 PCT/EP2007/007467
16/16

Figure 13

untreated freshl S aged
treated surface
surface



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2007/007467

A,
INV.

CLASSIFICATION OF SUBJECT MATTER

HOBK3/24 HO5K3/28

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO5K HO1B B23K CQ9D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2006/035105 Al (WESSLING BERNHARD [DE1) 1-9,
16 February 2006 (2006-02-16) 13-19,
23-35
paragraphs [0016] - [0069]; claims 1-31
Y 10-12,
20-22
Y DE 10 2004 030388 Al (ORMECON GMBH [DE1I) 10-12,
26 January 2006 (2006~01-26) 20-22
cited in the application
paragraphs [0018], [0026], [0031]
X DE 20 2005 010364 Ul (ORMECON GMBH [DE]) 1-9,
8 September 2005 (2005-09-08) 13-19,
23-35
claims 1-40
- / —

Further documents are listed in the continuation of Box C.

See patent family annex.

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E' earlier document but published on or after the international 5
filing date

*L* document which may throw doubts on priority claim(s) or
which Is cited 1o establish the publication date of another
citation or other special reason (as specified)

*0* document referring to an oral disclosure, use, exhibition or
other means

* Special categories of cited documents :

“T* later document published after the international filing date

invention

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*'Y* document of panticular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document Is combined with one or more other such docu—
ments, such combination being obvious to a person skilled

*P* document published prior to the international filing date but In the art,
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
6 February 2008 18/02/2008

Name and mailing address of the 1SA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2

_l[\lll_ -(- 2280 HV Rijswijk

el. (+31-70) 340-2040, Tx. 31 651 epo nl, s
Fax: (+31-70) 340-3016 Persat, Nathalie

Form PCT/ISA/210 (second shaet) {April 2005)




INTERNATIONAL SEARCH REPORT

C(Continuation).

International application No

PCT/EP2007/007467

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DE 102 34 363 Al (BOSCH GMBH ROBERT [DE])
12 February 2004 (2004-02-12)
paragraph [0018]

EP 0 807 190 A (ZIPPERLING KESSLER & CO
[DE1) 19 November 1997 (1997-11-19)
cited in the application

the whole document

EP 0 700 573 A (ZIPPERLING KESSLER & CO
[DE]) 13 March 1996 (1996-03-13)

cited in the application

the whole document

EP 0 407 492 A (ZIPPERLING KESSLER & CO
[DE]) 16 January 1991 (1991-01-16)
cited in the application

the whole document

WO 2005/070972 A (ORMECON GMBH [DE];
WESSLING BERNHARD [DE])

4 August 2005 (2005-08-04)

cited in the application

the whole document

1,2

1-35

1-35

1-35

1-35

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT .

Information on pétent family members

International application No

PCT/EP2007/007467
Patent document Publication Patent family Publication
cited in search report date membex(s) date
US 2006035105 Al 16-02-2006 CA 2510123 Al 25-12-2005
DE 102004030930 A1l 23-02-2006
EP 1614771 Al 11-01-2006
JP 2006037227 A 09-02-2006
KR 20060048516 A 18-05-2006
DE 102004030388 Al 26-01-2006 CA 2510122 Al 23-12-2005
EP 1615484 Al 11-01-2006
JP 2006044233 A 16-02-2006
KR 20060049670 A 19-05-2006
US 2006019090 Al 26-01-2006
Us 2007275159 Al 29-11-2007
DE 202005010364 Ul 08-09-2005  NONE
DE 10234363 Al 12-02-2004 WO 2004016698 Al 26-02-2004
EP 0807190 A 19-11-1997 AT 213026 T 15-02-2002
WO 9720084 A1l 05-06-1997
JP 10511433 T 04-11-1998
JP 3208735 B2 17-09-2001
us 5846606 A 08-12-1998
EP 0700573 A 13-03-1996 AT 158891 T 15-10-1997
CA 2162898 Al 24-11-1994
DE 4317010 Al 24-11-1994
Wo 9427297 Al 24-11-1994
ES 2108443 T3 16-12-1997
JP 3583427 B2 04-11-2004
JP 8510275 T 29-10-1996
us 5720903 A 24-02-1998
EP 0407492 A 16-01-1991 AT 156295 T 15-08-1997
CA 2000431 Al 11-04-1990
Wo 9004256 Al 19-04-1990
JP 2519551 B2 31-07-1996
JP 2503660 T 01-11-1990
WO 2005070972 A 04-08-2005 CA 2553467 Al 04-08-2005
CN 1910204 A 07-02-2007
DE 102004003784 Al 18-08-2005
EP 1706431 Al 04-10-2006
JP 2007518859 T 12-07-2007
KR 20070007274 A 15-01-2007
US 2007267747 Al 22-11-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

