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Process for coating substrates with netals

inyention pertains to a process for coating substrates having pol ymer
surfaces with netals in the manufacturing of printed circuit boards, in

parti cul ar

in the manufacturing of printed circuit boards having m cro-

The

scopi ¢ .holes and fine geonetries by the application of an el ectroconductive
pol ynmer |ayer and a subsequent netallization, wherein the electro-

conducti ve

col | oi dal palladiumsolution prior to the nmetallization step. In

particul ar,

pol ymer layer is preferably doped with a zinc-containing,UB

printed circuit boards having mcroscopic holes and fine

geonetries are produced in the so-called build-up technology. Generally, in

this tech-

nique circuits finished on both sides are used as a core and

coated with polynmers wherein mcroscopic holes are made in accordance with
the state of the art, e.g., by photolithography or by |asers, said

m croscopi ¢ holes |eading to the next conductor |evel as so-called blin
Vi as. Subsequently, a surface patterning of the polynmer, a seeding w
Pd, and a surface netallization of the conplete circuit by electrol ess

deposi tion

of copper are perforned according to the state of the art

d
th

described in DE A 195 O0ZPregéss fpr coatingysubdieatesheithametalsopper | ayer is

rei nf orced

el ectrolytically.

The invention pertains to a process for coating substrates having polymer
surfaces with metals in the manufacturing of printed circuit boards, in
particular in the manufacturing of printed circuit boards having micro-
scopic holes and fine geometries by the application of an electroconductive
polymer layer and a subseguent metallization, wherein the electro-
conductive polymer layer is preferably doped with a zinc-containing,
colloidal palladium solution prior to the metallization step. In particular,
printed circuit boards having microscopic holes and fine geometries are
produced in the so-called build-up technology. Generally, in this tech-
nique circuits finished on both sides are used as a core and coated with
polymers wherein microscopic holes are made in accordance with the
state of the art, e.g., by photolithography or by lasers, said microscopic
holes leading to the next conductor level as so-called blind vias.

Subsequently, a surface patterning of the polymer, a seeding with Pd, and
a surface metallization of the complete circuit by electroless deposition
of copper are performed according to the state of the art described in DE
A 195 02 988. Optionally, the "chemical” copper layer is reinforced
electrolytically.

In additional operating steps the conductor pattern having appropriate
conductor runs is formed. Multilayers having a higher number of layers



In additional operating steps the conductor pattern having appropriate
conductor runs is formed. Miltilayers having a higher nunber of |ayers

-2-" can be prepared by repeating this procedure several tines. Therefore,
this process is designated as a sequential build up. From DE 38 06 884 a
process for the formation of via holes in_printed circuit boards (i.e., the
nmetallization of bore walls) on the basi"s26f intrinsi - cal ly conducti ng

pol ymers has been known. The substrate is pre-treated in_an oxidizing
sol ution, rif@Rde BrepanaskBYUeRerting thisProcedure seveidl times e rNemidreon of

o ter- 7 cat e ATOCESE P destiiiptt, 88 A e Al ARHF Hn "M Ocess an
intrinsically conducting polyner filmis selectively formed on electrically

non- conducti ng surfaces (polyner, glass etc.) and subsequently gal vani -
cal l'y netal | Frord. DE 38 06 884kea gptoicessifon the foomatian bf via dtedesdn printed
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0.1 and 2.5 mimn depend- ing on the polynmer type. Assumi ng such growth
val ues, a sunfanamersalutionaof pyrrole, foran, dhiophene, and{or derivatives thereof ng
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t he conduct i notiscovidustiolg surfaces (polymer, glass etc.) and subsequently galvani-

cally metallized.

In the metallization of bore walls distances corresponding to the thickness
of the printed circuit boards have to be bridged. Generally, distances
exceeding 4 mm will have to be metallized only rarely. The conductivity
of the intrinsically conducting polymers will generally be sufficient to
complete the metallization within several minutes. The lateral growth of
copper on said polymers will vary between 0.1 and 2.5 mm/min depend-
ing on the polymer type. Assuming such growth values, a surface
metallization of complete printed circuit boards having surfaces of up to
0.2 m? - and optionally exceeding that value - can be achieved not at all
or only after a long time with a very poor layer thickness distribution.
Such printed circuit boards meet the technical demands not in the slight-
est. Therefore, it will be necessary to increase the conductivity of such
intrinsically conducting polymers distinctly and to increase the lateral
metal growth on said polymer films considerably.

In DE 195 02 988 there is described a process which is to solve the
problems iilustrated above. According to the process described in DE
38 06 884, initially the substrate polymer-is applied with an electro-



intrinsically conducting polynmers distinctly and to increase the |ateral
metal growth on said polyner filnms considerably. In DE 195 02 988 there

i s‘described a process which is to solve the problens illustrated above.
According to the process described in DE 38 06 884, initially the substrate
polymer is applied with an el ectro-

-3- conductive polyner. Prior to the ga13ahic netallization a treatnent in

an nmetal -ion contai ning aqueous solution, preferably a tin-containing
col | oi dal paFpadugtivedialymsr. i Rripete thegalvanic metallizasion & traatmentsinan | v
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polymer. Hence, adhesive strength values of at least 5 N/cm, preferably,

however, of 10 N/cm will be necessary.

Therefore, the objects of the present invention are to provide a sufficient
adhesion of the conducting polymer film to the polymer substrate and,
above all, to further increase the lateral growth of copper.

Said objects are achieved by a contacting with a copper(Il) salt solution
prior to the metallization. Preferably, the substrate surfaces are subjected
to the following steps at least once prior to the application of the
electroconductive polymer layer:

a) Swelling by aqueous leaches, organic solvents, or alkaline solvents;
b) treating with an alkaline permanganate solution; and

¢) treating with a reducing agent.

Hence, the substrate surface is initially patterned. This is performed in

step a) by the treatment with a swelling agent, a mixture of suitable
solvents, and by a sodium or potassium hydroxide solution. Subse-



a) Swel i ng by aqueous | eaches, organic solvents, or alkaline solvents;
b) treating with an al kali ne pernmanganate sol ution; and c) treating
with a reduci ng agent. Hence, the substrate surface is initially
patterned. This is perforned in step a) by the treatnment with a swelling
agent, a m xture of suitable solvents, ang by a sodi um or potassium
hydr oxi de sol ution. Subse- T -4-
quently, the surface of the substrate polymnmer pre-treated [

this way is,
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pol ymer. Such swelling agents and al Kal i ne permmanganat e sol uti ons have been
known from evenly ashpossibimanddaving diametensafraome fewcidssor evehsmaken
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wherein the residues of the permanga- nate treatnent, namely nanganese

di oxi de, ar ebeedwrdkamnoxyn thatihe adhesive strength of the conduction polymer layer
can considerably be improved by these steps.

Depending on the substrate polymer it is advantageous to perform the
swelling and permanganate treatment process several times in order to
achieve an appropriate surface patterning. In any case, the last step of
the process is a reducing process wherein the residues of the permanga-
nate treatment, namely manganese dioxide, are reduced and hence the
surface is made residue-free again. In particular, H,0, has been proved
especially efficient as a reducing agent.

When carrying out the inventive process, the swelling of the substrate
polymer is performed using a solvent or a solvent mixture to which
optionally or even preferably an alkali hydroxide is added. Subsequently,
the treatment with alkaline permanganate solution follows. These mea-
sures result in a uniform roughening and patterning of the substrate
polymer and ensure a good adhesion of the conducting polymer layer

4

which is to be applied subsequently.

It turned out that especially good adhesion strength values can be ob-
tained if the polymer substrates are subjected to a mechanical pretreat-
ment prior to the chemical treatment. For this brushing, sandblasting or
also preferably a treatment with pumice powder is suited, the latter
process being known as "pumice brushing” or "pumice blasting". The



surface is made residue-free again. In particular, Herr]Jerr] has been
proved especially efficient as a reduci ng agent. When carrying out the

i nventive process, the swelling of the substrate polynmer is performed using
a solvent or a solvent mxture to which optionally or even preferably an

al kali hydroxide is added. Subsequently, the treatnent with al kaline

per manganate solution follows. These nea-” sures result in a uniform
rougheni ng an atterning. of the substrate pol ymer an ur ood .
Laheston o AR ALendk ban fiher Bt Mctrrsed BY Al 503840 Je B this
subsequentlﬁ,oceéglturned out that especially good adhesi on strength val ues
can be ob- tained 1 f the polyner substrates are subjected to a nechani cal

pretreat- nment prior to the chemcal treatnent. For this brushing,
sandbl asting or also preferably a treatnment with pum ce powder is suited,

the latter insiple; the forovatien of therterductiehpolymer layantakesiplaceiasg” .

The adhesj on n further be increased by about 30 to 40
% by this prqﬁséjgg).ed i P%?SE‘% Bqéf the formati on of the conductive pol yner
| ayer takes place as described in DE 38 06 884. The surface which is

pretreated according to the invention and with that patterned is initially

pretreated iThewsurfacdiwhiuh isgiretreatetactbrding toothe inventiorpandswitinthat
per manganate within a pH range from1 to 14, preferably fromabout 5 to 8.
In order to Rateded isaitiahydretreated eap oxidiging bath, preferably a solution

of potassium permanganate within a pH range from 1 to 14, preferably

from about 5 to 8. In order to improve the adhesion of the polymer film
to be formed, the oxidizing step may be preceded by an immersion in a
so-called conditioner according to the description in DE-A-42 05 190.

Subsequently, a rinsing is performed and the substrate is immersed in a
monomer solution of 3,4-ethylenedioxythiophene. Subsequently, the
substrate covered with the monomer is inserted into an acidic solution
without rinsing prior to the insertion, the formation of the conducting
polymer films taking place within the acidic solution via an oxidative
polymerization. In the case of potassium permanganate as the oxidant,
a layer of manganese dioxide is formed in the first step as the reaction
product of the substrate polymer and KMnO,, wherein said layer of
manganese dioxide is polymer-impregnated and acts as an oxidant in the
acidic solution described above.

As acids preferably sulfuric, phosphoric, or sulfonic acids are used;
especially preferred are, e.g., polyphosphoric acids or polymeric sulfonic
écids. In an especially preferred embodiment of the invention polystyrene
sulfonic acid or salts thereof are used.

The electric resistance of the so-formed conducting polymer layer is
generally from about 5 to 500 kQ) depending on the working parameters



to be fornmed, the oxidizing step may be preceded by an immersion in a
so-cal l ed conditioner according to the description in DE-A-42 05 190.
Subsequently, a rinsing is perfornmed and the substrate is inmrersed in a
nononer sol ution of 3, 4-ethyl enedi oxyt hi ophene. Subsequently, the substrate
covered with the nononer is inserted into.an acidic solution wthout
rinsing prior to the insertion, the forma‘f"i on of the conducting pol yner
films taking_place within,the acidi¢c sojytion yia an oxidative
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manganese di this dreasurephgnt themiate hat edthdoiiness @ a3 . @ moy iathanthe dishhe-
acidic solution described above. As acids preferably sulfuric,

phosphoric, t8r efithekoredsil® mr8. used; especially preferred are, e.g.,

pol yphosphoric acids or polyneric sulfonic adds. In an especially preferred
enbodi ment of the invention polystyrene sulfonic acid or salts thereof are

used.  The ph&Cloweést’ %éiﬁaﬁt‘ée(\)lﬁfltéshﬁré%éfﬁé@ Wﬁ@ﬁ%ﬁih@%ﬁlnét enéy er

I's generally fromabout 5 to 500 k[err] depending on the wor g paraneters
-6- and, abdioxy&hiophére anddpalyistyrent sifonieacidononer conpound. Here, the
resi stance is nmeasured through a bore in a printed circuit board. In this
measurenent, the plate has a thickness d = 1.6 mm and the diane- ter of

the bore is 40 0¥8ral growth of copper has a crucial influence on the metallization
of larger surfaces. With the use of 3,4-ethylenedioxythiophene and
polystyrene sulfonic acid optimum values of up to 3.0 mm/min are
achieved. However, this is not sufficient for surface depositons. Thus,
according to the inventive process initially an after-treatment according
to DE A 195 02 988 comprised of a doping using a tin-containing, colloidal
palladium solution is performed in order to improve the lateral growth of
copper.

For this purpose the substrate coated with the conducting polymer is
dipped in such a metal-containing solution. Said solution is a colloidal
palladium solution using tin(II) salts as colloid stabilizers. For years such
palladium "catalysts" have been used in the chemical metallization of
plastic substrates as activating solutions. However, the solutions em-
ployed according to the invention may contain higher palladium concentra-
tions than normal, namely, instead of about 50 mg/| up to several g/l.

' By this after-treatment the conducting polymer film is covered with the
metal, namely Pd and Sn**. Subsequent to a rinsing process the plate
covered this way is dipped in a copper(II) salt solution optionally contain-
ing a complexing agent, a stabilizer, and pH correcting agents. During
this process the deposition of copper on the conducting polymer film
seems to occur in an ionic exchange. This results not only in a reduction



The | owest resistance val ues are achi eved when using 3, 4-et hyl ene-

di oxyt hi ophene and pol ystyrene suffonic acid. The | ateral growth of
copper has a crucial influence on the netallization of |arger surfaces.
Wth the use of 3, 4-ethyl enedi oxythi ophene and pol ystyrene sul fonic acid
optimum values of up to 3.0 mimn are achi eved. However, this is not
sufficient for surface depositons. Thus;, ‘according to the inventive process
initially an after-treatment according to DE A 195 02 988 conprised okea
dopi ng usi ngfdhe eleghrie sesiskance BUE gisedn amimaravamey of thenlateral grovthed in
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conpl exi ng agent, a stabilizer, and pH correcting agents. During this
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faster lateral growth is realized.

The inventive process steps are preferably as follows:

1. Swelling T:40-85°C t: 0.5 - 15 min
Rinsing

2. Alkaline KMnO, T:60-95°C t: 1 - 30 min
Rinsing

3. Reduction T:20-45°C t: 0.2 - 5 min
Rinsing

Optionally, this process may be repeated - if required also sev-
eral times - completely or only partially.



of copper. Due to the inventive conbination of conducting polyner, netal
dopi ng, and contacting with a copper(ll) salt solution the lateral growth
of copper is increased from2.5 mimn up to 40 mMmimn and nore; this
enabl es the subsequent electrolytic netallization, e.g., a copper plating
al so of larger surfaces in an sufficientg¥ short time with a uniform netal
distribution over the surface of the substfate and a good adhesi on.
Presumabl y, due to the additional incorporation of netal the formation of

germs duri ngat hecaRgMibh@At i on proceeps g sgomet |y faskep, andstgref ore a

faster lateral gromh 1s realized. The inventive process steps are
preferably as foll ows: 1. Swelling T. 40 - 85 [err]C
t: 0.5 - 15 mn Ri nsi ng 2. Al kaline KWnJ err] T. 60 - 95
[err]C t: 1 Rirggingin Rinsing 3. Reduction T: 20 -
45 [err] C t: 0.2 - 5mn . Ri nsi ng Optionally, this process
may be repeated - if required also sev- eral times - conpletely or
only partialky. wmno, (pH 1 - 14) T: 50 - 95 °C t: 0.3 - 10 min

6. Rinsing

Optionally, a rinsing sequence employing water, a solution of
sulfuric acid (pH 1 to 5), water, a weakly alkaline solution (pH 7
to 9) and again water can be used.

7. Monomer T: 10-40°C t: 0.3 - 7 min
8. Acid T:10-40°C t: 0.3 - 10 min
9. Metal solution I T:20-70°C t: 0.2 - 10 min

(tin-containing colloidal
palfadium solution)

Rinsing
10. Metal solution II T:20-80°C t: 0.2 - 10 min
(copper(1I) salt solu-

_tion)

Rinsing



-8'- 4. Conditioner T: 20 - 60[err]C t: 0.1 - 5 mn

Ri nsi ng 5. KMO4 (pH 1 - 14) T. 50 - 95 [err]C t: 0.3 - 10 mn
6. Rinsing Optionally, a rinsing sequence enploying water, a
sol ution of sulfuric acid (pH 1 to 5), water, a weakly al kaline
solution (pH 7 to 9) and again water can be used. 7. Mononer
T: 10 - 40 C t: 0.3- 7mn 8 Add T: 10 - 40
[err]C t: 0.3 -10 mn 9. Metal solution I T. 20 - 70 [err]C
t: 0.2 - 10 qyn OptioﬁdﬂQ’§ﬁﬂhPi6¥i ng col | oi dal pal I adi um sol uti on)
Ri nsi ng 10. Metal solution Tl T: 20 - 80 [err]C t: 0.2 - 10 mn
(copper(11) sal taspnealing tion) _

12. Pickling T: 20-30°C t: 0.1 - 5 min

(5 - 10 % acid)
Optionally rinsing

13. Electrolytic metallization
Generally, the metallization is performed with current densities of
about 0.5 to 10 A/dm? depending on the design of the facility
(horizontally or vertically) during a period ensuring the desired
metal layer is deposited.
Rinsing

14. Drying

15. Annealing

The so-treated polymer substrate has a uniform, high-adhesion
strength metallization on a large, sheet-like structure (e.g., a
printed circuit board having dimensions of 405 x 535 mm).

Optionally, the steps 7. and 8. may be combined to one step. Preferably
the operation takes place horizontally.

The process will further be illustrated in the following examples.



Ri nsi ng -9- 11. Optionally

drying or anneal i ng 12. Pickling T. 20 - 30 [err]C
t: 0.1 - 5nmn (5 - 10 % acid) Optionally rinsing 13.
Electrolytic netallization Generally, the netallization is perforned
Wi th current densities of about 0.5 o 10 A/dnferr] depending on the
design of the facility (horlzontaIT}or vertically) during a period
ensuring the desired nmetal |ayer é S de'posi t ed. Ri nsi ng 14.
Drying 15. Annealing EXamples

All experiments have been performed using two different polymer sub-
strates, on which the metallization has been performed. However, the
inventive process is not limited to these polymer substrates.

Polymer A: epoxypolymer (standard FR-4 base material)
Polymer B: epoxypolymer (Probelec® XB7081, photodielectric);
Probelec® is a registered trademark of Ciba Speciality Chemi-

cals Inc.)

The dimensions of the used substrates varied according to the objective
of the experiment. Determination of the:

lateral growth of copper: 35 x 100 mm
adhesive strength: 35 x 100 mm
metal doping: a surface of 0,5 dm?

L Patterning of the Polymer Substrates

Each of the substrate sections was treated in the dipping process de-
scribed hereinafter with slight agitation. The subsequent operating steps
were also performed in dipping processes. It should expressly be noted
that the inventive process can be performed in vertical or horizontal
continuous systems with the same success. The same also applies for the
galvanic metallization. Generally, the process time is distinctly reduced
depending on the flooding parameters.

What is more, in the production the inventive process should preferably -
be performed in continuous systems. Since the process is in principle



The so-treated pol yner substrate has a uniform high-adhesion strength
netallization on a |large, sheet-like structure (e.g., a printed
circuit board having di nensions of 405 x 535 nm). Optionally, the steps
7. and 8. may be combined to one step. Preferably the operation takes place
hori zontal | y. The process will further qg illustrated in the follow ng
exanpl es. - 10 -

sub. st at caNASPEISIE PhaIRRING: Ot SORRBHOHSSYSLEN PeriBosmiEr e HALSEPAY o
I b Pol A
I nventive pre@ﬁgﬂffd(}%%i&%g?getﬁ%sgﬂggﬁ pol ymer su strat es ol ymer

epoxypol yner Polymer B: epoxypol yner
(Probel ec XB7081, photodielectric); Probelec is a registered
trademark of_Ci ba Speciality Chem - cals Inc.) The di nensi ons
of the used ’éhssppgrefangast@zs,aeremntwgtmmz Hemperatures Smese efgpandrent .

Determ nati O&é’rfmwlecomponent_s__ described below do not limit the invention but
represent merely preferred embodiments.

Pretreatment of Polymer A

1. Swelling T: 55°C t= 10 min
(aqueous solution of 330 ml/I N-
methylpyrrolidone and 12 g/l NaOH)

2. Rinsing in water T: RT 2 X1 min
each
3. Oxidation T: 80 °C t =12 min

(aqueous solution of 65 g/l KMnO,
and 40 g/1 NaOH)

4. Rinsing in water T: RT 3 x 1 min
each
5. Reduction T: RT t =1 min

(agueous solution of 50 mi/l H,0,,
35 % and 50 mi/l H,S0,)

6. Rinsing in water T: RT 2 X 1 min
each



| ateral growth of copper: 35 x 100 mm adhesi ve strength:

35 x 100 mMm nmet al dopi ng: a surface of 0,5
dnierr] l. Patterning of the Pol yner Substrates Each of the substrate
sections was treated in the dipping process de- scribed hereinafter with
slight agitation. The subsequent operatigghsteps were al so perfornmed in

di ppi ng processes. It should expressly benoted that the inventive process
can be performed in vertical or horizontal continuous systems with the sane
success. The7§angn§h§9 applies for the galvanic netallization. Generally,
the process time i§ distinctly reduced dependi ng on the fl ooding

par aneters. What is nore, in the production the inventive process should
preferably be perfornmed in continuous systens. Since the process is in
principle i ndependenpPretireatmpentdopPobymer Bious syst em desi gns,
herei nafter only di pping processes will be described. The operating

steps, concentrations, tenperatures, tines, etc. and chem cal conponents
described bel ow do not limt the invention but represent nerely preferred

enbodi ments. 1. Swelling | 80 °C t: 1 min
Enplate MLB 2010%*
(solvent mixture with added NaOH)
2. Rinsing in water T: RT t =5 min
3. Oxidation T: 80 °C t =5 min
(aqueous solution of 60 g/l KMnO,
and 45 g/| NaOH)
4. Rinsing in water T: RT t = 5 min
5. Reduction
as described under Polymer A,
item 5.
6. Rinsing in water T: RT 2 x 1 min
each

In a preferred embodiment steps 3. to 6. are repeated with an increase
of the time in step 3. to t = 8 min. Subsequently a drying operation is .
performed.

If required, the process may be repeated several times.



Pretreatnment of Polyner A 1. Swelling T: 55
[err]C t=10 mn (aqueous solution of 330 mM/I N

met hyl pyrrol i done and 12 g/1 NaOH) 2. Rinsing in water

T. RT 2 X1 mn

each 3. xidation - 13 - T. 80 [err]C t= 12 mn
(aqueous solution of 65 g/l KNhC{err] and 40 g/ NaOH) 4. Rinsing in
wat er

each 5 RMhgagusntto tT1e pretreatment procedu re[H’lerfolymer substrates have

(aqueous sol f 0
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11f2ﬂ n . Drof about 1 to 3 pm). The surface patterned this way providssa good
' a)(/iherend surface for the conducting polymer to be applied subsequently.

2 X

II.  Coating with-a Conducting Polymer

As the conducting polymer layer poly-3,4-ethylenedioxythiophene (poly
" EDT) is selected since the best results have been obtained therewith.

A total of 4 different process sequences have been tested.

Sequence 1
1. Conditioner T: 40 °C t= 1 min
(according to DE A 42-05 190)
Blasolit V**
2. Rinsing in water T: RT 2 X 1 min
each
3. Oxidation T:80°C t = 2 min
{aqueous solution of 70 g/ KMnO,.
The pH is adjusted to about 7 with
diluted acid).
4. Rinsing in water T: RT 3x1min

each



Pretreatnment for Polyner B 1. Swelling T: 80

[err]C t: 1 mn Enpl ate MLB 2010* (solvent mxture with
added NaOH) 2. Rinsing in water T. RT t =5 mn
3. xidation T: 80 [err]C t =5 mn
(aqueous solution of 60 g/I Kvh( err] and 45 g/1 NaOH) 4. Rinsing
in water T. RT 147 =5 nin 5. Reduction as
descri bed under Polynmer A, item 5. 6. Rinsing in water
T. RT 5. Monome@rZolution T: RT t =1 min
each In a preferred enbodi nent steps 3. to 6. are repeated W|th an
i ncrease of theDMSE, 'OATSVebO?‘*to t = 8 min. Subsequently a drying
operation is perforned requir d t he process may be repeated several
tinmes. (contains about 1.5 EDT

6. Acid T: RT t =1 min

6.1 Aqueous solution of 20 g/! of
polystyrene sulfonic acid

alternatively:

6.2 Aqueous solution with 150 g/I

H,SO,
7. Rinsing in water T: RT 2 X 1 min
each
8. Drying

* A product of Enthone-OMI Inc.
** A product of Blasberg Enthone-OMI, Germany

Sequence 2

Steps 1 to 4 correspond to sequence 1. However, the conducting polymer
film is formed in a single step.



- 13 - Subsequent to the pretreatnent procedure the polynmer substrates
have a uniformpatterning with a nultitude of small surface cavities
(diameters of about 1 to 3 [err]m. The surface patterned this way provides
a good adherend surface for the conducting polyner to be applied

subsequent | y. Il. Coating with a Condycting Pol yner As the conducting
pol ymer | ayer poly-3, 4-ethyl enedi oxyt hi ene (poly EDT) is selected since
t he best results have been obtained therewth. A total of 4 different
process sequrnc@plynmesization sekithksh T: rt t = 3 miequence
1 1. Conditioner T: 40[err]C t=1 mn

(according to DEAquepusssolgtipn of 0.18 % dIDT, v** 2. Rinsing in water
T. RT 2# ﬁd}“l n isifi |
each 3. Oxidafi-dn %o emuisifier (e.g., ary T: 80 [err]C t = 2 nin

(aqueous sol uti | e pHis adjusted to about 7
L aq o zliygélg)z'gl ethe\aGl ©.810% polysty

rene sulfonic acid)
6. Rinsing in water

7. Drying

Sequence 3

1. Solvent conditioner T: 55°C t= 8 min
Condisolve HP**
(according to DE A 42 05 190)

2. Rinsing in water T: RT 2 X1 min
each
3. Oxidation T:75°C t =3 min

(agueous solution of 60 g/l KMnO,
and 40 g/l NaOH.

The KMnO, content is maintained at
about 10 - 20 g/I).

4, Rinsing in water T: RT 3 x 1 min
each



4. Rinsing in water T RT 3x 1 mn

each - 14 - 5. Mnoner solution
T. RT t =1 mn DMVSE, CAT V-10 ** (contains about 1.5
EDT) 6. Acid T. RT t=1 mn

6.1 Aqueous solution of 20 g/l of _ _ polystyrene sulfonic acid
alternatively: 6. 2 Aqueous sol ut i1(91 with 150 g/l

Herr]Sqerr] 7. Rinsing in water T. RT 2 x 1
mn 5. Polymerization solution T: RT eteh3 mén Drying

* A product of Enthone-OM Inc. .
Polymerization solution as de-

scribed in sequence 2
5.2 Aqueous solution of 0.3 %
EDT, 0.4 % emulsifier, and 6

g/! polyphosphoric acid

6. Rinsing in water

7. Drying
Sequence 4
1. Solvent conditioner T: 55°C t= 8 min
Condisolve HP**
2. Rinsing in water T: RT 2 X1 min
each
3. QOxidation T: 80 °C t = 10 min

(see sequence 3, 3.)
For the subsequent steps of the se-
guence see sequence 3.

III.  Aftertreatment of the conducting polymer layer with metal-contain-
ing solutions -



** A product of Bl asberg Enthone-OM, GCernmany
Sequence 2 Steps 1 to 4 correspond to sequence 1. However, the conducting
polymer filmis formed in a single step,

- 15 - 5. Polynerization solution T rt t =3 mn
(Aqueous sol ution of 0.12 % EDT, 0. 315] Yenulsifier (e.g., aryl
pol ygl ycol ether) and 0.4 % pol ysty- rene suffonic acid) 6. Rinsing

i n water 7. Drying . . €, ce 3 1. Sol vent
condi ti oner Variantk (gccording fo Mdi sol ve HP**

(according to DE A 42 05 190)

1. HCI, aqueous 8 % solution T: RT t = 2 min

2. Metal-containing solution I. T: RT t = 5 min
Colloidal Pd solution containing
1 g/l palladium
20 g/1 tin(1I) chloride, and
8 % HCI

3. HCI, aqueous 8 % solution T: RT t =2 min

4. Rinsing in water

5. Drying

Variant 2

1. Metal-containing solution 1. T: 45°C t = 4 min
ABC 888 M ***
(colloidal Pd solution containing
about 300 mg/l Pd;
colloid stabilizer: tin(II) chloride)

2. Rinsing in water T: RT © 2Xx 1 min
each



2. Rinsing in water T RT 2Xx 1 mn

each 3. Oxidation T. 75 [err]C t =3 mn
(aqueous solution of 60 g/I Kwvhd err] and 40 g/ NaCH. The KMhO4
content is maintained at about 10 - 20 g/l). 4. Rinsing in water
T RT 3x 1 mn - 18 -
each - 16 - 5. Polynerization
sol ution T RT t 3 mn 5.1 Polynerization solution as
de- 3. sch¢aenlaratingequence 2 5. 2 TA48€qus sol uti=orn afin0. 3 %
EDT, 0.4 %enul sjf] g/l pol yphosphoric acid 6. Rinsing
in water 7. Dr’%é#l?ao %ng*g

4. Rinsing in water T: RT 2 X 1 min

each
5. Drying
Variant 3
1. Metal-containing solution I. T: 45°C t = 4 min

ABC 888 M *%*
(see above)

2. Rinsing

3. Metal-containing solution II T: 63°C t = 5 min
(aqueous solution of
5 g/ CuSO, x 5 H,0,
50 g/l Na,CO,,
50 g/l NaOH,
30 g/l potassium sodium tartrate

4. Rinsing in water T: RT 2 x1 min
each

5. Drying



Sequence 4 1. Sol vent conditioner T: 55 [err]C t=8 mn

Condi sol ve HP** 2. Rnsing in water T. RT 2X
1 mn each 3.

Oxi dati on T: 80 [err]C t =10 mn (see
sequence 3, 3.) For the subsequent steps of the se- guence see
sequence 3. [11. Aftertreatnentofthe ducting polyner layer with

1o 2 70N 2 descripgsiitcarityatidns. dimes: teraremtures, anhshemical ampo-
28:15?:13 n8| %éﬂt#?jb%bt limit tﬁ'et@pg of the inventive Prces€but Mprseh fhérely N9
preferred embodiments of the process.

*%% A product of APT, Advanced Plating Technologies, Israel

IV.  Metallization of the polymer substrates treated according to the
invention

Since the copper plating of such substrates has an outstanding signifi-
cance, hereinafter only the electrolytic copper plating as a metallization
process will be described.

As copper plating efectrolytes any commercially available copper process
may be used. Since a CUPROSTAR LP-1 ** mat copper electrolyte has
proven to be especially suitable, said electrolyte is referred to exemplarily.

The substrates are initially pickled in an aqueous solution of sulfuric acid
(about 5 to 10 % by volume) for 30 to 60 s and then copper-plated in the

CUPROSTAR LP-1 copper electrolyte.

Electrolyte composition:

Copper 20 g/l
H,SO, 200 g/!
NaCl 100 mg/I
Additive LP-1 ** 4 mi/l
Current density: 2 A/dm?

The copper-plating times were different in the respective examples.



Col | oi dal Pd sol ution containing 1 g/l palladium 20 g/l tin(Il)
chl oride, and 8 % HA 3. HCG, aqueous 8 % sol ution T. RT

t =2 mMn 4. Rnsing in water 5. Drying

Vari ant 2 1. Metal-containing solution I. T: 45 [err]C t =4 mn
ABC 888 M *** (colloidal Pd solutio ont ai ni ng about 300 ng/1 Pd;
colloid stabilizer: tin(ll) chloride) ~%2Y "Rinsing in water

T. RT 2 x 1 mn

each The results were good regardiess of whether a narmahgieed; guiregt

T- 45l err] Cyangsitior of a PlIfe reversefepsiition was employed. In the latter case
a 100 mS cathodic and 1 mS anodic pulse cycle was adjusted, and in
general higher anodic current density values (factors of 2 to3:1) were
adjusted.

The results and conditions of the respective examples (examples 1 to 26)
are shown in the table given below. It can clearly be seen that the doping
with metal ions, in particular with tin-containing, colloidal palladium
solutions results in a distinctly increased lateral growth. Under theses
conditions even larger surfaces can be metallized in a shorter time.

The adhesive strength values obtainable with the inventive pretreatment
are acceptable as well.

Examples 27/28

The test sequence of examples 22 and 25 is repeated except that the
chemical patterning is preceded by a pumice powder treatment.

Throughput speed: 3.5 m/min
Residence time: about 15 s
Substance: 2/0N

(a product of Vogel und Prenner Company)

Under theses conditions adhesive strength values of about 10 N/cm are
achieved.



2 x 1 mn
1

Vari ant 3

Rinsing in water

4.
each

5. Drying
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- 19 - The described concentrations, tinmes, tenperatures, and chem cal
conpo- nents do not limt the scope of the inventive process but represent
nmerely preferred enbodi ments of the process. *** A product of APT,
Advanced Pl ati ng Technol ogi es, | srael V. Metallization of the polyner
substrates treated according to the i nvention Si nce the copper

pl ati ng of su substrates has an outstanding signifi- cance, hereinafter
only the el ectraebytic copper plati ng as a net al lization process will be
descri bed. Ks \op%erg.plf_at Pnggel$cig ofytes any conmercial ly avail able
copper proces$ may be used. Sifice a"CUPROSTAR LP-1 ** mat copper

el ectrol yte h&#s proven to be especially sui table, said electrolyte is
referred to e)?ferrpl arily. The substrates are initially pickled in an
aqueous solution of sulfuric acid (about 5 to 10 % by volune) for 30 to 60
s and then co@er-pl ated in_the CUPROSTAR LP-1 copper electrolyte.

Electrolytecgrpgsition:n Sopper: 92 & 20 g/l
Herr]SOerr] g 200 g/ I° NgC 100 ny/ |
Addi tive LP—l"és‘* 4 M/l Current density: 2 AVdnferr]
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The copper-plating tinmes were different in the respective exanples.

- 20 - The results were good regardl ess of whether a normal direct current
deposition or a pulse reverse deposition was enployed. In the latter case a
100 nS cathodic and 1 nS anodi c pul se cycle was adjusted, and in general

hi gher anodic current density values (f ors of 2 to3:1) were adjusted.
The results and conditions of the respeciTve exanples (exanples 1 to 26)

win mota oot CoteEndin fesBthent woS harified 2Ry sh Bt 5 AGH T, "

solutions results in a distinctly increased |ateral growh. Under theses

conditions even |l arger surfaces can be netallized in a shorter tine. The
adhesi ve st Sabgtiateal ues obtai n3l8 = M@ tmt he inventive pretreatnment are
accept abl e as wel | Exanpl es 27/ 28 The test

sequence of _‘-@Yﬁﬁﬁh@“@sénd 25 #Q WBpE&II®M except that the cheni cal
patterning Z§§gr§§@§ded by a p“”lﬁ%gggﬁﬁi@g{,gﬁﬂawmo a diSPARUE ¥R o R

3.5 mMmn R tinme:
Peeling rate: 75 mm/min.



Subst ance: 2/ ON (a product
of Vogel und Prenner Conpany) Under theses conditions adhesive strength
val ues of about 10 N cm are achi eved. [err] [err]

-24 -

AR

Claims

1. A process for coating substrates having polymer surfaces with
metals in the manufacturing of printed circuit boards, in particular
in the manufacturing of printed circuit boards having microscopic
holes and fine geometries by the application of an electroconductive
polymer layer and a subsequent metallization, wherein the
electroconductive polymer layer is preferably doped with a zinc-
containing, colloidal palladium solution prior to the metallization
step, characterized in that the electroconductive polymer is poly-
3,4-ethylenedioxythiophene and a contacting with a copper(II) salt
solution is performed prior to the metallization.

2.  The process according to claim 1, characterized in that the substrate
surfaces are subjected to the following steps at least once prior to

the application of the electroconductive polymer layer:

a) Swelling by aqueous leaches, organic solvents, or alkaline
solvents;

b) treating with an alkaline permanganate solution; and

c) treating with a reducing agent.



- 23 - The peel strength neasurenent was perforfed—according to DIN 53

494. Substrat e: 3.5 x 10 cm Layer thi PR rjma
[err]m Test strip: 10 mMmin width, drawn HI““IIH“Q@H[IH[ 50 mMm
Peeling rate: 75 mm mn. L m s =

- 24 - - 25 - Cl ai s 1. A process for
coating substrates having polynmer surfacés with netals in the

manuf act ur i 1 of T Aeces pEE RSN By EfaBigiarized 1T thefibe g

fine geonetries kybshatarpifacesiape rﬁécl@éhi%bﬁ?trg)ﬁgﬂ@ﬁé@tﬁw Prushing,@%hﬂ”er

| ayer and a subsequent netallization, wherein el ectroconducti ve
pol ymer | ayer i s bbastingapumidcedeishing, ar pumice blastingogprior bé sgep @1 oi dal
pal | adi um sol ution prior to the netallization step, characterized in

t hat the el ectroconductive polyner is poly-

3, 4- et hyl engdi ox i t I i 4 b r . .

solution i sq[dier f m@mﬁgﬁgrﬁﬁgﬁeﬁ Pﬁgaqﬂé(')%.rﬁs ‘i%[)f, éﬁé?acf@ﬁ&ed In
that the process is performed horizontally.



2. The process according to claim11, characterized in that the substrate
surfaces are subjected to the followi ng steps at | east once prior to

the application of the el ectroconductive pol yner |ayer: a)

Swel | i ng by aqueous | eaches, organic solvents, or alkaline

sol vent s; b) treating with an alkallne per manganat e sol uti on; and
c) treating with a reducing agent. -

- 25 - 3. The pr.ocess according to claiml or 2, characterized in that
t he substrate surfaces are nechanically roughened by brushing, sand-
bl asting, pum ce brushing, or pumce blasting prior to step a). 4. The
process according to any one of clains 1 to 3, characterized in t hat

the process is perforned horizontal | yapstract

A process for coating substrates having polymer surfaces with metals in
the manufacturing of printed circuit boards, in particular in the manufac-
turing of printed circuit boards having microscopic holes and fine geome-
tries by the application of an electroconductive polymer layer and a
subseguent metallization, wherein the electroconductive polymer layer
is preferably doped with a zinc-containing, colloidal palladium solution
prior to the metallization step, the electroconductive polymer is poly-3,4-~
ethylenedioxythiophene and a contacting with a copper(II) salt solution
is performed prior to the metallization.



