PF 0000058794/ HMS -1- Method for Producing Structured Electrically
Conductive Surfaces The invention relates to a nethod for producing
Structured electrically conductive surfaces on a substrate. The nethod
accor di g 18p4@"M¥ention is suitable, for exanple, for producing conductor
tracks on printed circuit boards, RFI D1antennas, transponder antennas or-

-0t her antenna structures, chip card nodules, flat cables, seat heaters,
foil conductors, conductor tracks in solar cells or in LCD plasma screens,
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2P Rl ASOR AL wBL FRR SHaP B B, BE or  ne
conduct i treeks esi printedr blecuntdm’ancdﬁ, AFIpantenmas] sassposdeuantennasnat athén argennaA
LoDk 8 Ok SRS TR bl Eh RS dPA AL,
sui t abl esatertcalls pairt L@D@@smﬁ saredrsgl of elecpolpiihady ngated maericts intarydksy. The whi ch

2 P Sflefibl Sbbrag ¥k Slech 5° B84 Slushé Ror AofRARELEN SIS ARchdhp

conductorett%r ac se uen 'S known
f or exargiriacés om pJSdnactsommnomsam used fOInIexampbafm&erwicmagtalectmagheilcs | aden

W th condyeliby efoPa}ﬁé | SRndlic lon Sr28® ap%gkﬁﬁrg' EL ’gﬁ:’r et fd‘lQ”cFFe%&&%bF

particles such as on part |one conductive cl es.
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A method for producing conductor tracks, in which a printed circuit board is first coated with
a conductive ink and the conductor tracks are subsequently modeled from the ink by a
laser, is known for example from US-A 2003/0075532. The ink contains a paste, which is

25  laden with conductive particles. For example, metal particles or nonmetallic particles such
as carbon particles are mentioned as conductive particles. In order to generate a
conductive coating, a thickness of approximately 75 to 100 um is mentioned.

EP-A 0 415 336 also relates to a method for producing conductor tracks, in which a

30 conductive paste is first applied onto a nonconductor and the conductor tracks are
subsequently modeled with a laser. Here again, a large layer thickness is needed in order
to generate a conductor track.

In the method for producing conductor tracks on printed circuit boards which is known from
35 EP-A 1191 127, an activation layer with sufficient electrical conductivity is applied first. The
desired conductor track profile is structured thereon with the aid of a laser. Thin metal films,
for example, may be applied onto the activation layer. The conductivity of the activation



-2- layer is achieved, for exanple, by using polynerized or copolynerized
pyrrole, furan, thiophene or other derivatives. As an alternative, netal
sulfide or metal polysulfide |ayers as well as palladiumor copper
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It is an object of the invention to provide a simple, cost-effective and productive alternative
method by which electrically conductive structured surfaces can be produced on a support,
these surfaces being homogeneous and continuously electrically conductive.

25
The object is achieved by a method for producing structured electrically conductive
surfaces on a substrate, which comprises the following steps:

a) structuring a base layer containing electrolessly and/or electrolytically coatable
30 particles on the substrate by ablating the base layer according to a predetermined
structure with a laser,

b) activating the surface of the electrolessly and/or electrolytically coatable particles and

35 c¢) applying an electrically conductive coating onto the structured base layer.
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polymethyl methacrylate, polyethylene dioxithiophene, phenolic resin-coated aramid. paper,

25  polytetrafluoroethylene (PTFE), melamine resins, silicone resins, fluorine resins, allylaied
polyphenylene ethers (APPE), polyether imides (PEl), polyphenylene oxides (PPO),
polypropylenes (PP), polyethylenes (PE), polysulfones (PSU), polyether sulfones (PES),
polyaryl amides (PAA), polyvinyl chlorides (PVC), polystyrenes (PS), acrylonitrile-
butadiene-styrene (ABS), acrylonitrile-styrene acrylate (ASA), styrene acrylonitrile (SAN)

30 and mixtures (blends) of two or more of the aforementioned polymers,} which may be
present in a wide variety of forms. The substrates may comprise additives known to the
person skilled in the art, for example flame retardants.

In principle, all polymers mentioned below in respect of the matrix material may also be
35 used. Other substrates likewise conventional in the printed circuit indusiry are also suitable.



5 A base layer, which contains electrolessly and/or electrolytically
coatabl e particles, is applied onto the substrate. In a first step, the
base Iayer |s structured by ablation according to a predeterm ned structure
with a | Be¥O00SEHHNS| ¢ | asers are comrercially available. Al |asers may be
used, such as pulsed or continuous wavel gas, solid state, diode or exciner
10 Iasers, so as the base | ayer absorbs the laser radiation sufficiently and
the | aser power is sufficient to exceed the ablation threshold, at which
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25 In a preferred embodiment the regions of the base layer which are to be removed, for
example insulation channels in the case of a printed circuit board, are ablated from the
base layer by means of a focused laser. It is also possible to generate the structure of the
base layer by using a mask arranged in the beam path of the laser or by means of an
imaging method.

30
In a preferred embodiment of the invention a dispersion, which contains electrolessly
and/or electrolytically coatable particles in a matrix material, is applied onto the substrate in
order to form the base layer before the abiation of the base layer by the laser. The |
electrolessly and/or electrolytically coatable particles may be particles of arbitrary geometry

35 made of any electrically conductive material, mixtures of different electrically conductive
materials or else mixtures of electrically conductive and nonconductive materials. Suitable
electrically conductive materials are for éxampie carbon black, for example in the form of



conpl exes, conductive organi c conpounds or conductive polyners or netals,
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coat abl eaB@(PE lestedytically erajahie patieles may<h cewie alsq be coated with a metal or metal
oxide, which only weakly reflects the laser light being used. The metal of which the

particles consist may also be present in a partially oxidized form. In the case of iron, for

25 example, an iron oxide layer is applied onto the iron particles by oxidizing the iron on the
surface. In the case of the carbonyl-iron powder, for example, balls are thereby: obtained
which consist internally of iron and have an oxide layer on the outer surface.

Owing to the weak reflection of the surface of the particles contained in the base layer, the

30 majority of the laser energy reaches into the base layer. Only the component réfiected by
the particles is lost for the ablation of the base layer. In this way, the desired strljcture can
be formed from the base layer with little energy outlay.

If two or more different metals are intended to form the electrolessly and/or electrolytically

35 coatable particles, then this may be done by mixing these metals. In particular, it is
preferable for the metals to be selected from the group consisting of aluminum, iron,
coppetr, silver, nickel, tin and zinc.
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also possible to use mixtures of only one type of electrolessly and/or electrolytically

cle sﬁapé)s and?or particle sizes. It is

coatable particles with different particle sizes and/or particle shapes. In the case of different
particle shapes and/or particle sizes, the metals aluminum, iron, copper, silver, nickel and
zinc as well as carbon are likewise preferred.

25
When mixtures of particle shapes are used, mixtures of spherical particles with platelet-
shaped particles are preferred. In one embodiment, for example, spherical carbonyl-iron
particles are used with platelet-shaped iron andfor copper particles and/or carbon
nanotubes.

30

As already mentioned above, the electrolessly and/or electrolytically coatable particles may
be added to the dispersion in the form of their powder. Such powders, for example metal
powders, are commercially available goods and can readily be produced by means of
known methods, for instance by electfolytic deposition or chemical reduction from solutions
35 of metal salts or by reduction of an oxidic powder, for example by means of hydrogen, by
spraying or atomizing a metal melt, particularly into coolants, for example gases or water.
Gas and water atomization and the reduction of metal oxides are preferred. Metal powders
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25 For example, binders with a pigment-affine anchor group, natural and synthetic polymers
and derivatives thereof, natural resins as well as synthetic resins and derivatives thereof,
natural rubber, synthetic rubber, proteins, cellulose derivatives, drying and non-drying oils
etc. are suitable as a matrix material. They may - but need not - be chemically or physically
curing, for example air-curing, radiation-curing or temperature-curing.

30
The matrix material is preferably a polymer or polymer blend.

Polymers preferred as a matrix material are, for example, ABS (acrylonitrile-butadiene-
styrene); ASA (acrylonitrile-styrene acrylate); acrylic acrylates; alkyd resins; alkyl vinyl
35 acetates; alkyl vinyl acetate copolymers, in particular methylene vinyl acetate, ethylene
vinyl acetate, butylene vinyl acetate; alkylene vinyl chloride copolymers; amino resins;
aldehyde and ketone resins; celluloses and cellulose derivatives, in particular hydroxyalkyl
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25 more polymers may also form the matrix material.

Polymers particularly preferred as a matrix material are acrylates, acrylic resins, cellulose
derivatives, methacrylates, methacrylic resins, melamine and amino resins, polyalkylenes,
polyimides, epoxy resins, modified epoxy resins, for example bifunctional or polyfunctional
30 Bisphenol A or Bisphenol F resins, epoxy-novolak resins, brominated epoxy resins,
cycloaliphatic epoxy resins; aliphatic epoxy resins, glycidyl ethers, vinyl ethers and phenolic
resins, polyurethanes, polyesters, polyvinyl acetals, polyvinyl acetates, polystyrenes,
polystyrene copolymers, | polystyrene acrylates, styrene butadiene block copolymers,
alkenyl vinyl acetates and vinyl chloride copolymers, polyamides and copolymers' thereof.
35
As a matrix material for the dispersion in the production of printed circuit boards, it is
preferable to use thermally or radiation-curing resins, for example modified epoxy resins



As a matrix material for the dispersion in the production of printed circuit
boards, it is preferable to use thermally or radiation-curing resins, for
exanpl e ﬁg%h;iggﬂg gxy resins PF 0000058794/ HVS -9- such as bifunctional or
pol yf unct'i P @ enol A or Bisphenol F resins, epoxy-novolak resins,
brom nat ed epoxy resins, cycloaliphatr@'epoxy resins; aliphatic epoxy
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dibutyl glycol acetate, propylene glycol methyl ether acetate), diacetone alcohol, diglycol
dialkyl ethers, diglycol monoalkyl ethers, dipropylene glycol dialkyl ethers, dipropylene
25  glycol monoalkyl ethers, diglycol alkyl ether acetates, dipropylene glycol élkyl ether acetate,
dioxane, dipropylene glycol and ethers, diethylene glycol and ethers, DBE (dibasic esters),
ethers (for example diethyl ether, tetrahydrofuran), ethylene chloride, ethylene glycol,
ethylene glycol acetate, ethylene glycol dimethyl ester, cresal, lactones (for example
butyrolactone), ketones (for example acetone, 2-butanone, cyclohexanone, methyl ethyl
30 ketone (MEK), methyl isobutyl ketone (MIBK)), dimethyl glycol, methylene chioride,
methylene glycol, methylene glycol acetate, methyl phenol (ortho-, meta-, para-cresol),
pyrrolidones (for example N-methyl-2-pyrrolidone), propylene glycol, propylene carbonate,
carbon tetrachloride, toluene, trimethylol propane (TMP), aromatic hydrocarbons and
mixtures, aliphatic hydrocarbons and mixtures, alcoholic monoterpenes (for example
35 terpineol), water and mixtures of two or more of these solvents.



m xtures, aliphatic hydrocarbons and m xtures, al coholic nonoterpenes (for
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in the prior art are suitable. Preferred dispersants are surfactants or

surfactant m xtures, for exanple anionic, cationic, anphoteric or nonionic
sur f act aht the caseiohtifd apairiamateriats dorr exempieliguid epoxiemsinspaeryliq estesyaliipl e, in

"Encycl opg ﬁb&w@fwéa ek WQ%al?eﬁnéﬁt’e @5@?&’ ﬁﬁ'?ﬁ@{e?rﬂﬁératurb di}%g Wpheatitn Sor

(1966) , sion Polynerisation and Enul si on
Pol yners\"aae@mmatpa\%ﬁlsoaﬂetamdtﬁmpﬁr@ﬁéﬁ Wley & Sons (1997), pp. 224-226.
It |$5nevertheless al so pOSSIb|e to use polynmers known to the person

skilled ip the art havin ment - af fi ne anchor groups_as di spersants
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i n ternmsnete deparsambal wei ght of the d| spersion. The proportion is
preferably from0.1 to 20 w.% particularly preferably from0.2 to 10
wt.% The di spersion according to the invention may furthernore contain a
filler compenepie, alhdisperSintsrenownntsl te pbrsoneskillednior thef hitl fer sapplication niat ance,
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surfactants or surfactant mixtures, for example anionic, cationic, amphoteric or nonionic
surfactants.

-Cationic and anionic surfactants are described, for example, in "Encyclopedia of Polymer

25 Science and Technology", J. Wiley & Sons (1966}, Vol. 5, pp. 816-818, and in "Emulsion
Polymerisation and Emulsion Polymers”, ed. P. Lovell and M. El-Asser, Wiley & Sons
(1997), pp. 224-226. |t is nevertheless also possible to use polymers known to the person
skilled in the art having pigment-affine anchor groups as dispersants.

30 The dispersant rﬁay be used in the range of from 0.01 to 50 wt.%, expressed in terms of
the total weight of the dispersion. The proportion is preferably from 0.1 to 20 wt.%,
particularly pr'eferably from 0.2 10 10 wt.%.

The dispersion according to the invention may furthermore contain a filler component. This
35 may consist of one or more fillers. For insiance, the filler component of the metallizable

mass may contain fillers in fiber, layer or particle form, or mixtures thereof. These are

preferably commercially available products, for example carbon and mineral fillers.



preferably commercially avail abl e products, for exanple carbon and m neral
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di t hi ol enes’ or
used, it may be necessary to select different absorbents. In this case either the absorbent

is added to the dispersion or an additional separate absorbent layer is applied between the
25 support and the dispersion. In the latter case, the energy is absorbed locally in the
absorption layer and transferred to the dispersion by thermal conduction.

Suitable absorbents for laser radiation have a high absorption in the range of the laser
wavelength. In particular, absorbents which have a high absorption in the near infrared and

30 in the longer-wave VIS range of the electromagnetic spectrum are suitable. Such
absorbents are suitable in particular for absorbing the radiation of high-power solid-state
lasers, for examplé Nd-YAG lasers which have a wavelength of 1064 nm, or IR diode
lasers which typically have wavelengths in the range of from 700 to 1600 nm. Examples of
suitable absorbents for laser irradiation dyes absorbing strongly in the infrared speciral

35 range, for exam'ple phthalocyanines, naphthalocyanines, cyanines, quinones, metal
complex dyes, such as dithiolenes or photochromic dyes.



PF 0000058794/ HMS -12- Ot her suitable absorbents are inorganic pignments, in
particul ar intensely colored inorganic pignents such as chrom um oxi des,
dron oxiges, ison.oxide hydrates or carbon, for exanple in the form of

car bon bl acﬂ graphite, graphenes or c}angon nanot ubes. 5 Finely divided
types of car bon and finely divided | anthanum hexabori de (LaB6) are
‘particularly suitable as absorbents for |aser radiation. In general, from
0.005 to_20 wt.% of absorbent are used, expressed in terns of the weight of
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20
In the case of a separate absorption layer, in the most favorable case this contains the
absorbent and the same matrix material as the overlying base layer, in order to ensure
good layer adhesion. In order to induce effective conversion of light energy into heat
energy and achieve rapid thermal conduction into the base layer, the absorption layer
25 should be applied as thinly as possible and the absorbent shouid be present in as high as
possible a concentration, without detrimentally affecting the layer properties such as
example adhesion to the support and the base layer, and the curing. Suitable
concentrations of the absorbent in the absorption layer are in this case at least 1 to 95
wt. %, from 50 to 85 wit.% being particularly preferred.
30
The energy, which is needed for the ablation, may be applied either on the site coated with
the dispersion or on the opposite side of the substrate from the dispersion, as a function of
the substrate being used. The ablation may be removed with the aid of suction or by
blowing off the ablation. If need be, a combination of the two method variants may be used.
35



PF 0000058794/ HVS - 13- The coating of the substrate with the base | ayer may
be carried out either on one side or on both sides. The two sides nay be
.Structur | sion or by nmeans of at |east two |aser beam sources in
t he Iasé&qggﬁg??%ﬁﬁétep, or even on bo sides sinmultaneously. 5 In order to
I ncrease productivity, nore than one 1a%er beam source may al so be used. It
is also possible to split the |aser beam of a | aser source, so that the
productivity can |ikewise be increased with only one | aser source. The
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the art may, however, also be used. The layer thickness of the base layer generated by the

(0

printing or the coating method preferably varies between 0.01 and 50 um, more preferably

25  between 0.05 and 25 um and particularly preferably between 0.1 and 20 Mm. The layers
may be applied either surface-wide or in a structured way. The layers may be applied on
one side or also, if need be, on both sides.

Structured application of the dispersion is advantageous and preferred when, for example,

30 predetermined structures are intended to be produced in large batch numbers, and the size
of the area to be ablated is reduced by the structured application. In this way, production
can be carried out with a higher rate and also more cost-effectively since less material of
the base layer needs to be ablated.

35 The dispersion is preferably stirred or pUmped around in a storage container before
application onto the substrate. Stirring and/or pumping prevents possible sedimentation of
the particles contained in the dispersion. By preventing sedimentation, more homogeneous




-14- base |l ayers are obtained, i.e. base layers in which the electrically
conductive particles are distributed honbgeneously. A nmaximally honbgeneous
.base Iaxﬁﬂmb%gggl significantly better, nore honbgeneous and nore

conti nuoys &t Pi¥2s in the el ectrol ess and/ or el ectrolytic coating step.
5 Furthernore, it is |ikew se advantagEbUs for the dispersion to be
thermally regulated in the storage container. This nakes it possible to
achi eve a nore honpbgeneous base | ayer on the support, since a constant
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forms inside the bore during the electroless and/or electrolytic coating by the metal layers
growing together into the bore from the upper and lower sides of the substrate, so that an
25 elect_riéal' connection of the electrically conductive structured surfaces of the upper and
lower sides of the support is created. Besides the method according to the invention, it is
also pdssible o use other methods known from the prior art for the metallization of bores

and/or blind holes.

30 In the case of thin supports, for example, the boring may be produced by slitting, punching
or by laser boring.

In order to obtain a mechanically stable base layer on the substrate, it is preferable for the
dispersion, with which the base layer is applied onto the substrate, to be at least partially
35 dried and/or at least partially cured after the application. As a function of the matrix
material, the drying and/or curing is carried out as described above, for example by the
action of heat, light (UV/Vis) and/or radiation, for example infrared radiation, electron



PF 0000058794/ HVS - 15- radiation, gamm radiation, X-radiation, m crowaves.
In order to initiate the curing reaction, a suitable activator may need to
-be addedsg oJhRss&Yil may al so be achieved by a conbination of different
met hods, for exanple by a conbi nation WV radi ation and heat. The curing
met hods may be conbi ned sinul taneously “or successively. For exanple, the 5
‘layer may first be only partially cured by UV radiation, so that the

structures, formed no | onger flow apart. The Iager may subsequent |y, be cured
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crestes, B el oblr SR ERe A SRR S Sahet e e
el ect r ol mechamidaily, coatexbinglep by thireshireg, ogrimding, meiting,| saretblasiing dodsiasting, with
ol et or eyt SRR O, HvsBa R okl hy RURRBIIAER, I\ fFRCEMEEer | e
met hods plesiea diseharge, arlebemidatly. lathe cabhef chenicalaxposure, iisrpreigratireto use a
et &g i Z@H’rﬁ&l lop ﬁérﬁf&aﬁnﬂ&lﬁé WG ﬁati&l@%ﬁfﬂh@%aﬂﬁkmériaf In tﬁé%%@gf _ -
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an epoxYg@gk Bnd %2R AWSH 1GRASMPIES 4 soltdhtSRAKY themical structure of the matrix
material may be at least partially disrupted by means of suitable reagents so that the
electrolessly and/or electrolytically coatable particles are exposed. Fleagehts which make
25 the matrix material tumesce are also suitable for exposing the electrolessly and/or
electrolytically coatable particles. The tumescence creates cavities which the metal ions to
be deposited can enter from the electrolyte solution, so that a larger number of
electrolessly and/or electrolytically coatable particles can be metallized. The bonding,
homogeneity and continuity of the metal layer subsequently deposited electrolessly and/or
30 electrolytically is significantly better than in the methods described in the prior art. The
process rate during the metallization is also higher because of the larger number of
exposed electrolessly and/or electrolytically coatable particles, so that additional cost

advantages can be achieved.

35 If the matrix material is for example an epoxy resin, a modified epoxy resin, an epoxy-
novolak, a polyacrylate, ABS, a styrene-butadiene copolymer or a polyether, the
electrolessly and/or electrolytically coatable particles are preferably exposed by using an



novol ak, a pol yacryl ate, ABS, a styrene-butadi ene copol yner or a polyether,
the electrolessly and/or electrolytically coatable particles are preferably
.exposed fy,.Hsi LG 0s PP 0000058794/ HVS - 16- oxi dant. The oxi dant breaks bonds
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acid, trimethyl acetaldehyde, ammonium nitrate. The temperature during the process may
25 optionally be increased in order to improve the exposure process.

Preferred are manganates, for example potassium permanganate, potassium manganate, |
sodium permanganate, sodium manganate, hydrogen peroxide, N-methylmorpholine-N-
oxide, percarbonates, for example sodium or potassium percarbonate, perborates, for

30 example sodium or potassium perborate, persulfates, for example sodium or potassium
persulfate, sodium, potassium and ammonium peroxedi- and monosulfates, sodium
hydrochloride, urea hydrogen peroxide adducts, salts of oxohalic acids such as for example
chlorates or bromates or iodates, salts of perhalic acids such as for example sodium
periodate or sodium perchlorate, tetrabutylammonium peroxidisulfaté, quinone, iron(lll) salt

35 solutions, vanadium pentoxide, pyridinium dichromate, hydrochloric acid, bromine, chlorine,
dichromates.




chl orates or bromates or iodates, salts of perhalic acids such as for
exanpl e sodi um periodate or sodi um perchlorate, tetrabutylammonium
.perOX|d|ﬁy é gmﬂM none, iron(lll) salt 35 solutions, vanadi um pentoxi de,
pyr|d|n|un1 rona e, hydrochloric acid, brom ne, chlorine, dichromates.
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acetone, methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK), diethylene glycol
monobutyl ether. The temperature during the dissolving process may optionally be

25 increased in order to improve the dissolving behavior.

Furthermore, it is also possible to expose the electrolessly and/or electrolytically coatable
particles by using a mechanical method. Suitable mechanical methods are, for example,
brushing, grinding, polishing with an abrasive or pressure blasting with a water jet,

30 sandblasting or blasting with supercritical carbon dioxide. The top layer of the cured,
printed structured base layer is respectively removed by such a mechanical method. The
electrolessly and/or electrolytically coatable particles contained in the matrix material are
thereby exposed.

35  All abrasives known to the person skilled in the art may be used as abrasives for polishing.
A suitable abrasive is, for example, pumice powder. '
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expose also possible to roughen the surface of the support so that the dispersion bonds to it better.
A suitable wet chemical method is, in particular, washing the support with acidic or alkaline
reagents or with suitable solvents. Water may also be used in conjunction with ultrasound.
25  Suitable acidic or alkaline reagents are, for example, hydrochloric acid, sulfuric acid or nitric
acid, phosphoric acid, or sodium hydroxide, potassium hydroxide or carbonates such as
potassium carbonate. Suitable solvents are the same as those which may be contained in
the dispersion for applying the base layer. Preferred solvents are alcohols, ketones and
hydrocarbons, which need to be selected as a function of the support material. The
30 oxidants which have already been mentioned for the activation may also be used.

Mechanical methods with which the support can be cleaned before applying the structured

or full-surface base layer are generally the same as those which may be used to expose

the electrolessly and/or electrolytically coatable particles and to remove the oxide layer of
35 the particles.
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The material removed from the base Iayer may be suctloned and/or blown off.

If conductor tracks are intended to be produced by the method according to the invention,

25 then in one embodiment, in addition to the desired conductor track structure, it is also
possible to expose contact lines, which are connected to the conductor track structure, by
the laser ablation method. These auxiliary contacting lines are further processed just like
the desired structure of the conductor tracks. To this end, the contacting lines exposed by
laser ablation are likewise metallized electrolessly and/or electrolytically after having

30 exposed the electrolessly and/or electrolytically coatable particles contained on the surface.
The contacting lines are used, for example, so that even short, mutually insulated
conductor tracks can be readily contacted. In a preferred embodiment, the auxiliary
contacting lines are at least partially removed again after the electroless and/or electrolytic
metallization. The removal may for example be carried out by laser ablation.

35
After having structured the base layer by laser ablation, an electrically conductive coating is
applied onto the structured base layer. In order to generate the electrically conductive
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el ect r ol wasiportekt prouge dne Ibatherthe electrolessly and/or electrolytically coatable partlcles

contained in the previously applied structured base layer being contacted by at least one

cathode. Here, any suitable conventional cathode known to the person skilled in the art

may be used. As long as the cathode contacts the structured surface, metal ions are

25 deposiied from the electrolyte solution to form a metal layer on the base layer. The

contacting may also take place via the auxiliary contacting lines. Ususlly, a thin layer of the

base layer is formed immediately by electroless deposition when immersed into the
electrolyte solution.

30 If the base layer itself is not sufficiently conductive, for example when using carbon
carbonyl-iron powder as electrolessly and/or electrolytically coatable particles, then the
conductivity required for the electrolytic coating is achieved by this electrolessly deposited
layer.

35 A suitable device, in which the structured electrically conductive base layer can be
electrolytically coated, generally comprises at least one bath, one anode and one cathode,
the bath containing an electrolyte solution containing at least one metal salt. Metal ions



35 A suitable device, in which the structured electrically conductive base

| ayer can be electrolytically coated, generally conprises at |east one

.bath, o 9 one cathode, the bath containing an electrolyte

solution containing at |east one netal _salt. Metal ions PF 0000058794/ HVS

-21- fromthe electrol yte solution ar'e21oreposi ted onto electrically

-conductive surfaces of the substrate or the base |layer to forma netal

| ayer. To this end, the at |east one cathode is brouaht in contact with the
g

subst r atfeors thesledtralyte splytion: are depesiteghpnte alerdrically sopdudive ssurigeesm shdhe ed

through dupeiratdi the bddd 1agbeetib@h MirhstaMRy&OTS this @M, e dtheadiohs @athdlklid ed in
the art are suyitable tic this case,

for the el ectrol coating | Such
el ect r ol YNt 1R 1q0BkRE! &f“% "hP &U%éwﬁﬁl 1564 'ﬁ!ﬂ%fem?he \ﬁ%ﬁ“@a While dbg sEBRIrAte &S £ o ed
by one ofardpoed BdghIna\bathh contact the material to be coated. The cathodes
may so be designed in the formof -segnented rollers, in which at |east the
roll segnent 10 which is in comunication with the substrate to be coated
I S r espehlt eleettolyticomstredsskhownatd iaoparadh gkillddin dedant atehalitabledodtap ekictrelgticret al

h Ll.er.j.s. : Ny h f | L
ool SRR A AR Rk Byl b 508 So e R TR R Bl .
| ayer t dsbernmshityedne o mdiatroltene winchatontiep ded materiahta be woateddEpo sathedes nt o
h | . \ r . . h
e | CaiAl BKLS SO o nY Bl AUEre I er ATLAT W vent N
el ect® ol whitle i datdomgnunitasior oxithadie sybstiateedo dieeceated is frespesiivaiplconnented hat
even sh éthocﬁlﬂé‘ily'.% 'oYdérFﬂ%ééElulﬂ% o%ﬁélijhﬁ%{aq)?n Ttﬁeﬁnl%hér i§ fémdfed’ ﬂl,'iﬁ’%}ﬁ\%%@%f ed.

The auxiliary contacting I'lneés are prefera renoved agal n after the
el ect r ol Sgmeniashioilers. it isqrossiklentsl anodizally penneak thei saoneanmwhishidegnatisestackmy
al so be thgredaRy th 32CEoatdt, &ldl P8t thEOmbhil Heptdted G thef ANBAgOsitdd s g | aser

beam sources are used as for generating the structure of the base |ayer.
The el ecRIPSIOM® 80lB8RLL i ng device may furthernore be equipped with a device by
whi cfs the 25 substrate can be rotated. The rotation axis of the device, by
whi ch t substrate can be rotated n this case arran
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example, the same laser beam sources are used as for generating the structure of the
base layer.

The electrolytic coating device may furthermore be equipped with a device by which the
25 substrate can be rotated. The rotation axis of the device, by which the substrate can be
rotated, is in this case arranged perpendicularly fo the substrate's surface to be coated.
Electrically conductive structures which are initially wide and short as seen in the transport
direction of the substrate, are aligned by the rotation so that they are narrow and long as
seen in the transport direction after the rotation.
30
The layer thickness of the metal layer deposited on the electrolessly and/or electrolytically
coatable structure by the method according to the invention depends on the contact time,
which is given by the speed with which the substrate passes through the device and the
number of cathodes positioned in series, as well as the current strength with which the
35 device is operated. A longer contact time may be achieved, for example, by connecting a
plurality of devices according to the invention in series in at least one bath.
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25  After the electrolytic coating, the substrate may be processed further according to all steps
known to the person skilled in the art. For example, existing electrolyte residues may be
removed from the substrate by washing and/or the substrate may be dried.

The method according to the invention for producing electrically conductive structured

30 surfaces on a support may be bperated in a continuous, semicontinuous or discontinuous
mode. It is also possible for only individual steps of the method to be carried out
continuously, while other steps are carried out discontinuously.

After the electrolytic coating, the substrate may be processed further according to all steps
35 known to the person skilled in the art. For example, existing electrolyte residues may be
removed from the substrate by washing and/or the substrate may be dried.



35 known to the person skilled in the art. For exanple, existing electrolyte
resi dues nay be renoved fromthe substrate by washing and/or the substrate
may be dried. PF 0000058794/ HV5 -23- The method according to the invention
1s suitaly Beookbadri@pl e, for the production of conductor tracks on printed
circuit boards. Such printed circuit_gg?fds are, for exanple, those with
mul tilayer inner and outer |evels, mcT0-via-chip-on-board, flexible and
rigid printed circuit boards. These are for exanple installed in products
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pads or interconnections on an integrated electronic component.

The production of integrated circuits, resisted, capacity four inductive elements, diodes,
transistors, sensors, actuators, optical components and receiver/transmission devices is
25  also possible with the method according to the invention.

It is furthermore possible to produce antennas with contacts for organic electronic
components, as well as coatings on surfaces consisting of electrically nonconductive
material for electromagnetic shielding.

30
Use is furthermore possible in the context of flow fields of bipolar plates for application in
fuel cells.

It is furthermore possible to produce a full-area or structured electrically conductive layer
35 for subsequent decor metallization of shaped articles made of the aforementioned
electrically nonconductive substrate.



el ectrically nonconductive substrate. PF 0000058794/ HVS -24- The application
range of the nmethod according to the invention allows inexpensive :
.producti,q;hogé?séyga/g,{ﬂgi zed, even nonconductive substrates, particularly for
use as swtches and sensors, gas ba;;%'%rs or decorative parts, in
particul ar decorative parts for the notor vehicle, sanitary, toy, household
-and office sectors, and packaging as well as foils. The 5 invention may al so
be applied in the field of security printing for banknotes, credit cards,
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They may also be employed in fields in which good thermal conductivity is advantageous,

for example in foils for seat heaters, as well as insulation materials.

Preferred uses of the surfaces metallized according to the invention are those in which the

25 products produced in this way are used as printed circuit boards, RFID antennas,
transponder antennas, seat heaters, flat cables, contactless chip cards, 3D molded
interconnect devices, thin metal foils or polymer supports clad on one or two sides, foil
conductors, conductor tracks in solar cells or in LCD/plasma screens, integrated circuits,
resistive, capacitive or inductive elements, diodes, transistors, sensors, actuators, optical

30 components, receiver-transmission devices, or as decorative application, for example for
packaging materials.



5 a) structuring a base |layer containing electrolessly and/or
electrolytically coatable particles on the substrate by ablating the base

1 ayer aCﬁQfoﬁHo?@mﬂﬁMQ predeterm ned structure with a |aser, 10 b) activating
the surface of the electrolessly and/or_electrolytically coatable particles
and c) applying an electrically condut 3ve coat i ng onto the structured base
‘layer. 15 2. The nethod as clainmed in claim1l, wherein a dispersion, which
contains_the electrolessly and/or electrolytically coatable particles, is
appl i ed RAteRt $YMS ypstrate in order to formthe base |ayer before the

abl ation of the base |ayer by the laser. 3. The nethod as clainmed in claim

2, wherejn the pcation. of the dispersign in order .20 to formthe base
Fayer 1 ol-cark TRRGLIC ORI s ity S0 cisticall cpBIGtG suratas Sf g PEIEE: oy
met hod. 4. TNMisichesrmpibeashetoldwing stepscl aim 2 or 3, wherein the dispersion is
stirred and/ or punped around and/or thermally regulated in a storage

cont dl ner before application. 25 5. The nethod as clained in one of clains
1 to 4, wherai n dhuetudng pdrase dayenpphiamihgoelbctrolédsty andiot eledtelytisalyt cdatabid

partially dried r cured. 6. e e s,.¢l al i Lalm.R, wherein
the at | east parqa%ﬁye%dro;%ﬁ ﬁ@go?“%éﬂgtigné’yo%ﬂg'?’ﬁﬁ @% g?é%ce*?g‘%}o%c?dsr%gr 9 eag out
bef ore t he abl atpredetevimined steuctuie @tith@rlasdrt er the ablation with the |aser. 7.
The method as claimed in one of clains 1 to 6, wherein the laser is a solid
state laser, a fiber |laser, a diode |aser, a gas |aser or an excimer |aser.
35 P 0000058794ckKkating2the gurfatee airethroélegtolessly rnd/arn eleptsolgically agoatable t o 7,
wherei n the wav a‘gtfwéé’hrﬂf the laser light lies in the range between 150 and
10600 nm preferably 1 n the range between 600 and 10600 nm 5 9. The net hod
as claimed in one of clains 1 to 8, wherein the electrol essly and/or

el ectrol yti cgl | YappRiHgdH &e&ﬁééllk‘ébﬁ&c@i@é‘b@éﬁg@ntd fiestrueRdBisallayeevder , _
carbon or a mxture thereof. 10. The nethod as clained in claim9, wherein
the netal of the netal powder is selected 10 fromiron, nickel, silver,

tin,1zi nz orTHopRAtiod bé. cldivtedTet keimas, whatdiedh idispetsidr Whigh ddhtaindranei n t he

metal powder i carbonyl -iron. , , . .
P elecﬁro?essﬁlr and/o¥ electro@tlcally coatable particles, is applied onto the substrate in

order to form the base layer before the ablation of the base layer by the laser.

: 3.  The method as claimed in claim 2, wherein the application of the dispersion in order
20 1o form the base layer is carried out by a printing, casting, rolling, immersion or spray
method.

4. The method as claimed in claim 2 or 3, wherein the dispersion is stirred and/or
pumped around and/or thermally regulated in a storage container before application.

25
5. The method as claimed in one of claims 1 to 4, wherein the dispersion applied onto
the substrate is at least partially dried and/or cured. '
6. The method as claimed in claim 5, wherein the at least partial drying or curing of the
30 dispersion is carried out before the ablation with the laser or after the ablation with

the laser.

7. The method as claimed in one of claims 1 to 6, wherein the laser is a solid state
laser, a fiber laser, a diode laser, a gas laser or an excimer laser.
35




powder. 15 12. The nethod as clainmed in one of clains 1 to 11, wherein the
el ectrolessly and/or electrolytically coatable particles are provided with
a coathg, ?ﬁgyﬁﬁélects the laser light only weakly or consists of a

mat eri al reflects the laser light only weakly, before the activation
in step b). 20 13. The method as claiT& in one of clains 9 to 12, wherein
‘the di spersion contains an absorbent for laser light. 14. The nethod as
clainmed in claim213, wherein the absorbent is carbon or |anthanum
hexabori&le. T® methodias claimaddn are of elpimsd! h7 owkersin the avavslengthaof1le lagRer ei n
the el ectrolppiies ﬁﬁﬂé%ngl_ &ﬁbéﬁhsé'aﬁé'ﬂoﬁoﬁﬁﬁi pRdrEraBR ihithe Pideapetweerd f er ent
particle georretrles he nethod as clainmed in one'of clainms 1 to 15,
wherein the & @é‘f’rWQ%‘W and/or 30 electrolytically coatable particles
contained in the dispersion are chemcally, physi cally or mechanically
exposed befare the el ectrol ess and/ r electro c coating.. 17. The t hod
2s ol i | [eomEmsE & SRR T 1 &1 ciias di Fo Bnypheselrs fengoeeclesshg andor
renoved fromlédimlyabalyt codtaile | partionegy/ osntaih et ieaétyéme:aidtad poaiepbt@bpardrial es in
order to af iﬁ? e .the surface of the electrol essly and/or

el ectrol yti c’H bI e particles. PF 0000058794/ HVS -27- 18. The net hod
as clainmed in one of clains 2 to 17, wherein the substrate is cleaned by a
dry net t i gal e
o, LR A keSS g g A AR Rl i) & Rigeaod

el ectdrol yti da:bmyond“ﬂmelalsll\@mmtmcloesop;ﬁarlg. The met hod as clained in one of
clains 1 to 18, wherein a structured electrically conductive surface is
applied onto_the upper side and the |ower side of the support. 20. The

met hod abl-cl Hienegthed asiclgimed & claime? er 0.twierein the metal @owdetcis & Q%#PCMV' iron
conductive 10w faces on the upper side and the | ower side of the support
are connected together by via contacting. 21. The nmethod as clained in one
of clainms 1 to 20, wherein the electrically conductive coating is applied

el ecfy ol 13§5|'I9heaﬁn@fﬁbﬂ @sl eiaimed it bk b!la% 9 thha, Raefeih W@élecﬁ@legﬁy ahéer et hod
as clainmed in ¢ wherein the base |ayer is connecte

1
el ectrol yti @'%@?W'ﬁ@'yt‘i?aﬁm pariisles @Eﬁ]E’réPH'FPﬂd‘"tf‘l%@%a“ﬁﬂn ‘EWC%F@QEE‘H%%ES@H by at

| east one light only weakiy or consists of a material which reflects the laser light oniy weakly,
before the activation in step b).

20 13. The method as claimed in one of claims 9 to 12, wherein the dispersion contains an
absorbent for laser light.

14. The method as claimed in claim 13, wherein the absorbent is carbon or lanthanum

hexaboride.
25
15. The method as claimed in one of claims 1 to 14, wherein the electrolessly and/or
electrolytically coatable particles have different particle geometries.
16. The method as claimed in one of claims 1 to 15, wherein the electrolessly and/or
30 electrolytically coatable particles contained in the dispersion are chemically,

physically or mechanically exposed before the electroless and/or electrolytic coating.

17. The method as claimed in one of claims 1 to 16, wherein any existing coating is
removed from the electrolessly and/or electrolytically coatable particles in order to
35 activate the surface of the electrolessly and/or electrolytically coatable particles.




cat hode. 20 23. The nethod as clained in one of clains 1 to 22 for producing
conductor tracks on printed circuit boards, RFID antennas, transponder

-ant ennass QhoBids @t enna  structures, chip card nodules, flat cables, seat

heaters, forl concﬁéc]t ors, conductor tracks in solar cells or in LCD plasm
screens, 3D nol ded interconnected dev@c?es integrated circuits, resistive,

‘capacitive or inductive elenents, diodes, transistors, 25 sensors,

actuators, g_pt i cal corrponent S, recei ver/transm ssi on deVI ces, decorati ve or
functiond Jiheraeibed 8 clainere Brane alidlaims 2rta 1dswhetely the substeata s cleaned by

el ectromagnet ey nfembdata Yot chemida ehdtRdd GREM G In%haﬁlcasmﬂr@@agefam tHehi N
2? teg![ r](c)FIy![ Iséﬁhk%?e%géi&e Hgggéﬁswh'ﬁﬁgﬁ&%f%p Oelectyc\)?esslly and’/or electrolytlcalPdUCI ng
coatable particles.
5
19. The method as claimed in one of claims 1 to 18, wherein a structured elecirically
conductive surface is applied onto the upper side and the lower side of the support.

20. The method as claimed in claim 19, wherein the structured electrically conductive
10 surfaces on the upper side and the lower side of the support are connected together
by via contacting.

21. The method as claimed in one of claims 1 to 20, wherein the electrically conductive
coating is applied electrolessly and/or electrolytically onto the base layer.
15 '
22. The method as claimed in claim 21, wherein the base layer is connected for the
electrolytic coating to auxiliary contacting lines which are contacted by at least one
cathode.

20 23. The method as claimed in one of claims 1 to 22 for producing conductor tracks on
printed circuit boards, RFID antennas, transponder antennas or other antenna
structures, chip card modules, flat cables, seat heaters, foil conductors, conductor
tracks in solar cells or in LCD/plasma screens, 3D molded interconnected devices,
integrated circuits, resistive, capacitive or inductive elements, diodes, transistors,

25 sensors, actuators, optical components, receiver/transmission devices, decorative or
functional surfaces on products, which are used for shielding electromagnetic
radiation, for thermal conduction or as packaging, thin metal foils or polymer supports
clad on one or two sides, or for producing electrolytically coated products in any form.



