WO 02/ 095091 1 PCT/ EPO2/ 05250 18NOV2005 Direct Electrolytic Metallization of
-Non- Conducti ng Substrates Specification: 5 The invention relates to a nethod
for the dvoachembectrolytic nmetallization of electricallyPedERSAEHRICLi ve
substrate surfaces that makes use of a solution or nicroenul siidhN&o®lr i si ng
pol ymers of thiophene conmpounds. The nmethod may nore specifically be
utilized to manufacture printed circuiqt boards and other circuit carriers.
It is particularly suited to netallize through holes of a very 10 small
dianmeter in printed circuit boards and circuit carriers. Electroplating

met hods are being utilized for producing circuit lines and ot her
electrically conductive areas on printed circuit boards or other circuit
carriers. Using these nethods, the circuit lines and other electrically
conduct i VPirettEfectPoytie m@m:&aﬂahqsfmeh-cdiﬁaubﬂhg Pubsaated or sone tine,
direct electrolytic nethods have been utilized, the nethod invol ving direct
deposition of the copper |ayer on the electrlcally non- conducti ve substrate
surfaces ol ytic means wi thout naking use of electroless

nmet al - é?%%ﬂﬁiéﬁﬁﬂruwh conducting substrates are made e.g., from epoxy
resin. 20 For many years inprovenents have been repeatedly suggested, the
basic principle of which always is to at first forman electrically
conduct i thm*s)@nmagéelat@s]tq asnethpdifonthe directelestraiytic roetallization of

conduct i veepicaty SOBRERIAVE shbSafiriitsales et Bskes dr€ol n 3Bloh e
produced rh)crasﬁnuassngﬁ c@ﬁidr@;’irﬁqﬁ?ol%iér@@flﬂ%bh@ne%‘i‘r‘lb@ﬁrﬂj’ss Thaheficd €. 9., al so

converted to sulfides tfreatnment. Another alternative consi sts in
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(Manual of PCB technique), vol. 3, ed. Gunther Herrmann, published by Eugen

G Leuze, Cermany, pages 80 89) 5 EP 0 731 192 A |nd| cates a possibility
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electrically conductive areas on printed circuit boards or other circuit carriers.

Using these methods, the circuit lines and other electrically conductive areas

1§ are made from copper. For this purpose for some time, direct electrolytic
methods have been utilized, the method involving direct deposition of the
copper layer on the electrically non-conductive substrate surfaces by
electrolytic means without making use of electroless metal-plating. The non-
conducting substrates are made e.g., from epoxy resin.

20
For many years improvements have been repeatedly suggested, the basic
principle of which always is to at first form an electrically conductive base layer
on the substrate surfaces and to next electrolytically copper-piate the
conductive layer. The electrically conductive base layers used are, among

25 others, layers that may be produced by means of colloidal palladium/tin

activators that are e.g., also converted to sulfides by post-treatment. Another
alternative consists in depositing onto the non-conductive surfaces a base layer
in the form of a carbon layer. It has also been proposed to utilize intrinsically
conductive polymers that are prepared by oxidation of heterocyclic monomer



thereto, the holes of the printed circuit boards are first manufactured and
then prepared by renpoving resin snears, conditioning the walls of the holes
and et chiypanlbsogopper surfaces. The substrate i s next comcarkpeiosesoh a
suspension 10 of an electrically conductive polyner. The suspension is
preferably prepared in such a manner that it adsorbs well on the
conditioned surface of the internal wafl. After that t he pregdag KN 2005
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met hod f oyolnBnetaGiimtheroHarraRirire published aytaugéeai &y L@gﬂéusbrmgnpgiagw s on a
substrate surface is described in US-A-5,447,824. By this metho sol utions

of anilif®-&%heterocyclic conpounds such as furane, pyrrole and thiophene,
nore specifically of 3,4-ethyl ene di oxythi ophene, are deposited onto the
substrate 20 surface together with an oxidizing agent |ike for exanple a

Fe(16l), emblzB1 192eah\ndiRBEESH blob!subuﬁyabf f&muﬁﬁ/a@raéaﬂr@aw tdhdidiveagent ,

dried there and then exposed for exanple to radi ati on. A conductive
pol yner i soaingred the lmtﬁmalw@lm@‘medic&@slmp@m@@smtm hoaidachACsardindf t he
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| ayers in fi rst produci ng”a | ayer of manganesé di oxi de on these surfaces.
The surf aetghing theecoppersufaces. Apersubistnata ifnnedccatitastedevittr @ suspansiso
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the substrates in a pernmanganate solution for exanple and then contacting
the | ayer wralll Afﬁng‘lﬁ’(eﬁm pitemsair el suhatcatfedmpdbeowecrtb/ slectralytisally metalyrr ol e,

f ur ane, r der vatlve t here The, surface i.s next treated with
an aci ai c P, 1o eRigHical Sindietve SShERsin=ac 3tk PRSRRUTPGEa. The

substr at 6p§Wp§%§fdf%kahmg be electrolytically copper-plated. W 91/08324
Al di scl oses nodi fied nmethod in which the substrate surfaces are

predbreated wi t h an al kal i ne per manganat e sol ution, a |ayer of nanganese 10
di oxi de b ﬁ' I%%tf];OOJ %‘?%agxﬁasctdn a pa?tet heP efé%?nca‘flg(ec%n c{] ve po@%edrgconsg lution
substrate surface is described in US-A-5,447,824. By this method, solutions of
aniline or heterocyclic compounds such as furane, pyrrole and thiophene, more
specifically of 3,4-ethylene dioxythiophene, are deposited onto the substrate
20 surface together with an oxidizing agent like for example a Fe(III), Cu(II),
Ce(1V) and Cr(III) salt or an organic oxidizing agent, dried there and then
exposed for example to UV-radiation. A conductive polymer is formed in the
unexposed areas whereas the conductivity of the exposed locations remains
relatively high.
25
In another method, the surfaces of printed circuit boards generally consisting of
epoxy resin are prepared for the purpose of forming the intrinsically conductive
polymer layers in first producing a layer of manganese dioxide on these
surfaces. The surfaces coated with said layer of manganese dioxide are then
30 contacted with a solution of a heterocyclic monomer. Furane, pyrrole and
thiophene are used as the heterocyclic monomer.



contai ni ng nononers or oligoners of furane, pyrrole, thiophene or
_derivatives thereof. The conductive polynmer |ayer being formed in the
process Rgyoidemibe directly copper-plated by el ectrol ytigcomereses2ibd At
first the heterocyclic nonomer conpound utilized in formng an intrinsically
conductive polyner |ayer was pyrrole. Abre recently, exanples of polyner

| ayers made fromthi ophene conmpounds have been given. US-A-5, 57%,53¢% X0
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t he st abglectrphdically geppereplatensl si on woul d be inferior so that it would be
recommended to treat separately, first wth the thi ophene conpound and then
with the acid. The 30 preferred thiophene conpound is a 3, 4-al kyl ene

di oxyt hi gpherRes3RY A15hedbées al hydified-rRbhdERowRicPELRRRBRE surfhes
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oxi de, n-alkyl-(C8-C18 )-di nethyl phosphine oxides or oligoethylene

oxi de- moABEF YCé‘?Wfala#qeanEcgy%ﬁsmﬁ MRy furthermore contain al cohols.
The aci ds enpl oyed are, anong others, polyneric polysulfonic acids, e.g.,
pol ystyrene sul fonic acid and pol yvinyl sulfonic acids. 10 Furthernore,

US1A- 6, 08 fisgdheiheterosyclicanapomsd copmpound utilizad i focming ag intrinsicallal wal | s
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contacting the internal walls with an acid. After that, direct netal-plating
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20 holes in printed circuit boards are first pre-treated with an alkaline
permanganate solution. Next the treated walls are contacted with a
microemulsion of a thiophene, and the thiophene layer obtained is oxidized to
form an intrinsically conductive polymer layer. For this purpose, the substrate is
contacted with an acid. After that, direct copper-plating with electrolytic means

25 may be performed. Alternatively, the acid may be mixed into the thiophene
solution so that but one process step instead of two needs to be carried out.
This reference however mentions that, under these conditions, the stability of
the microemulsion would be inferior so that it would be recommended to treat
separately, first with the thiophene compound and then with the acid. The

30 preferred thiophene compound is a 3,4-alkylene dioxythiophene, more

specifically 3,4-ethylene dioxythiophene. The microemulsion, which is defined

as an emulsion having a droplet diameter of 5 - 100 nm, is formed by adding to



napht hal ene- 1, 5-di sul foni ¢ aci d and dodecyl benzene sulfonic acid are
suggested for exanple. 20 EP 0 581 823 61 discl oses anot her nethod that
makes use V8O 0399308l e and/or derivatives of pyrrole. In thi PGRERYES2AH
acidic al kali permanganate solution is enployed for form ng the | ayer of
manganese di oxi de. The pernmanganate solqtion preferably has a leﬁ 9
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correspond to those indicated in US-A-5,6575,898, this reference also
poi nti ng out that the acid may be used in conj uncti on with the thiophene
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20 EP 0 581 823 B1 discloses another method that makes use of pyrrole and/or
derivatives of pyrrole. In this method an acidic alkali permanganate solution is
employed for forming the layer of manganese dioxide. The permanganate
solution preferably has a pH of 0 - 6.0. The pH is adjusted by adding sulfonic
acid, like for example methane sulfonic acid, sulfosuccinic acid and isethionic

25 acid. In this case, the monomer solution, which contains pyrrole and/or
derivatives thereof, is acidified with phosphoric acid and with a buffering
additive.

DE 199 03 108 A1 furthermore discloses a method comprising forming the

30 layer of manganese dicxide needed as an oxidizing agent by treatment with an
acidic or alkaline permanganate solution. It is mentioned in this document that
it proved particularly advantageous to use a 4 - 8 percent by weight solution of



be netallized with difficulty. The use of the known nethods proved to cause
certain problens: 25 1) The internal walls of holes in printed circuit

boar ds cawmpiéz/ddeosdasily and satisfactorily netal-plated wharrthpgRedes are
extrenely small i.e., when they have a dianeter of 50 - 100 pm for exanple.

30 2) In parts, the internal walls of the holes may be netal -plated in an
al nost satisfactory fashion, particularPy when the dianeter of the holes is
| arger. In these cases however, reproducibility is not satisfact érﬁyNUVVwﬁ
02/ 095091 ROrAEHOTY PSPSENganate Baveg Foh betweened andilds aaceptableaesutis

of the holes. The
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specifically find means with which holes in printed circuit boards may be
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provide a nmethod for the direct electrolytic netallization of electrically
non- conductdlag peiriegreutdhatiiteaz@d may beuskdin eppisection withehgthiophene nvent i on

orinted of e nidiesief CuERnashBaft B Mt BBR i Rention i s
to provide a nethod for the direct electrolytic nmetallization of holes in
printed circuit boards. 20 The nethod for the direct electrolytic

met al 18 zat i R 04521 88tA2 disclopesshmedhed frimetallzingsthrewgh-bolesds @sintgst or di ng

the subat r KoRl A S, GRGY Pbol e st G o SRemfihet iyl syt 0O M
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t he substrate surfaces with an aci di c aqueous solution or an acidic
nmi cr oenul siSHUtiAN eeRiaiiag pxgeleand methage stifprigaciddastead b wyrele Benpound

and at | easto o AldAnge SuhLaRioRRbde S8LeSS Bl teahkheadbRtical) cOPr i Si ng

met hane sulfonic acl ane su
15 conducting polymer layer is formed. This electrically conducting layer may

finally be electrolytically metallized. The use of thiophene and also of aniline
instead of pyrrole have been discussed in this document to be
disadvantageous because those monomers would be more difficuit to apply
successfully on an industrial scale. For instance, thiophene would have a

20 relatively high toxicity, and both polyaniline and polythiophene films would not
be so conductive as the polypyrrole film and so the resulting board could only
be metallized with difficulty.

‘The use of the known methods proved to cause certain problems:

25
1) The internal walls of holes in printed circuit boards cannot be easily and
satisfactorily metal-plated when the holes are extremely small i.e., when they
have a diameter of 50 - 100 pm for exampie.

30 2) In parts, the internal walls of the holes may be metal-plated in an almost

satisfactory fashion, particularly when the diameter of the holes is larger. In
these cases however, reproducibility is not satisfactory.



disulfonic acid; d. electrolytically netallizing the substrate surfaces. NOV
2005 WO 02/ 095091 PCT/ EP02/ 05250 7 . 18 The pernanganate solution is

pr ef er abl w@aei/absew1 the pH of the solution preferably rangipQr/ERGMHEE85 to 7,
especially preferably from3.5 to 5. In order to render the permnganate
solution acidic the solution may conprige 5 at |east one buffer conpound
for adjusting the pHvalue, said buffer conpound being selected fﬁc{ﬂlﬁ\hﬂ%

group conpsy ﬁ&%rmwép}?@egCar@%gen@wﬁ%grga%pgm@%@faﬁgg%#%ﬁ'E e

phosphate. ‘Alternative t he pernmanganate solUution nay a e al kal i ne.
Under suchinterfakcwaltuobthenvdss.t Tiee peusangaldatat beobsdartainedhy conpri se at | east
one buffer conpound for adjusting the pHvalue, said buffer conpound being
selected fromthe group conprising boric acid and borate. The acidic
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| east one thiophene conmpound an east one al kane sul'tonic acid selected
fromi he dtrowpn cwipodsand toedrerspexifidatinifindanedns atthameichidlenincpaated and

et hane disulfonic acid. The acid of preference i.s nethane sulfonic acid. As
far as a (HTORSRIE G oA deBrodMAbly el U mIBodkYQIdr SoWIRE TBHE 1o be
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t hi ophene intermmdidbesuikdkfmeoating twiles with dxtrenesipaotdiMedigs irSaiunddrnhi ophene
conpounds are char ac,beri zed by their capability of spontaneously form ng an
el ectri cal #Vd FHAAEEIPIRT8BNGRer film by reaction with 25 manganese di oxi de
ads ed on the non-conductive surface and under the action of alkane

sul fonic acid. Mreover, the thiophene conpound nmust not spontaneously

pol yrer i zeTherefdrewzn bbiget optheqeeseonidventiors is toherovideos hesthod dfomtpeund i s

i ntended to noreover allow the production of an aquequs solution _or of a
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sul fonic acids may be set by adjusting the pH The pHin the solution or

m croenmul sion is adjusted in the range of about 0 WD 02109-5091

PCTI PPO210&Z08her object of the present invention is to provide a method for the direct

15 electrolytic metallization of printed circuit board material.

Another object of the present invention is to provide a method for the direct
electrolytic metallization of holes in printed circuit boards.

20 The method for the direct electrolytic metallization of electrically non-conducting
substrate surfaces according to the present invention comprises the following
method steps:

a. bringing the substrate surfaces into contact with a water-soluble
25 polymer;
b. treating the substrate surfaces with a permanganate solution;
c. treating the substrate surfaces with an acidic aqueous solution or an
acidic microemuision of aqueous base containing at least one thiophene
compound and at least one alkane suifonic acid selected from the group
30 comprising methane sulfonic acid, ethane suifonic acid and ethane
disulfonic acid;
d. electrolytically metallizing the substrate surfaces.



8 1'8.NOV 2005 through about 3, preferably in the range of about 1.5
“through about 2.1. The upper concentration limt is determned by the fact
t hat thevyws@bybdsesn must renmin reliably stabl e agai nst in-ectaP02/05250

pol yneri zati on of the thiophene conpound. For the higher the concentration
of the alkane sulfonic acid, the 5 noresacidic the solution or the

m croemul sion and the nore the thiophene conpound tends to spontang®gg!7m

pol ymeri zenLn-.Si - i lim t he nature of
Phe”thi ophos telaanats, a880n P RETHIRL sElic, e B R PRL8n 0% SVel For
al | of thprdfbiatihereicg fouddsto T,h&;iw@lgf praferdly 4toneB.9 torbt al so depends
on the tendency of the thiophene conpoun 10 to polynerize; in this case it

must be made certain that the polynmer filmforns readily and rapidly under

the influgngeiedto taRadoh ARk solbAS GBEIRB R APARY tatidd the

filmof nmanganese ryed “on raté surtace.
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i s select t [ L8l 3, 4- et hyl ene di oxyt hi ophene, 3-net hoxy
thiopheneﬁﬂggﬂﬁghfﬁﬁg%ﬁgpﬁgﬁg @ﬁbggﬁ%ne and the derivatives thereof. In 20
principle, other thiophene derivatives may al so be utilized of course. They
are selected in function of the achievable electrical conductivity of the

pol ymer  PdgEativeholhigrermanganaée aoUiONdRAYalsth betHk it MNdes $960nd may be
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nol /1. Theomglodnd fephadiulsting die pHcvalIagLESIdasUEr cottpousd baiigy selected! i zed in
the nethod for the direct electrolytic netallization of electrically

non- condu&OM BIesGNesPrGRBPgnd dericacd apddiiréterg to the present invention.
The nethod and the solution or microemulsion permt to avoid the probl ens
of known met hods: WO 02/ 095091 PCT/ EP02/ 05250 9 1 8. NOV 2005 1. A process

sequence Theusidlc @uebas eatutivans thecidic roicroemiigidn ofipguechi®ba®séi on, on the
el ectrically non-conductive surfaces, of a |ayer of nanqanese di oxi de, an

i nt iPnsi caPipinoRAdigast ore Jpphene cagwound ard abipash cpralkangpuforigocess
e onr LB BT TS RORRA TP RAEne e BRSRE A oh R 2
acid and ethane disulfonic acid. The acid of preference is methane sulfonic
acid. As far as a thiophene compound or an alkane suifonic acid is mentioned
to be used in this solution or microemulsion, it stands for both one single
20 thiophene compound or alkane sulfonic acid, respectively, and for several
thiophene compounds or alkane sulfonic acids, respectively.

Suited thiophene compounds are characterized by their capability of
spontaneously forming an electrically conductive polymer film by reaction with
25 manganese dioxide adsorbed on the non-conductive surface and under the
action of alkane sulfonic acid. Moreover, the thiophene compound must not
spontaneously polymerize in-situ. Under proper conditions, the thiophene
compound is intended to moreover allow the production of an aqueous solution
or of a microemulsion of aqueous base.
30
The concentration of the alkane sulfonic acids may be set by adjusting the pH.
The pH in the solution or microemuision is adjusted in the range of about 0



and to then contact the wetted surfaces 'of the substrates with an acid. The
advant ages associ ated herewith are an abridged process, which reduces its
cost, andWanoipdved reproduci bility, as the in-situ for nePCHEPHHI5EHe
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Iayer 3. wepehegnasngrationdinait @c@@tﬁﬁnﬁ‘@ﬁhbmtha/facytla)atthheiqdmﬂqAT@USlayer f or med

t high that it t t hat th
nternal - el Bl salie Rl islling bweRRaln Bt EFPREHRe boar de mmy be
net al - pl at gsmbBundOFér ﬂ@sﬁ[gaeﬁitﬁeebm@éérﬁrm of“the'Bll@ar% §Ql‘fd>rhnb)écﬁf thée

sol utions and m croemul si ons of the nononmers used for formng t he pol ymer
| ayer5i s hivghe @etslig theeseition derthe icrteosieisioroand themoredbe dhidbhgneo t he

o7 oomul oFapocEd i i hoBRn8hya RumEfies A Sgc TR sbRe Cepoe Sra T

possi bl e tFPde@?J‘é%@SRﬁ?J WHEEhatAY Bf %éﬁ%pﬂ@%@c&ngﬁbﬁb%r@”&éﬂ tH’ér%ré'n%@t ric

conductivity. Even after ageing, the electric conductivity of the pol yner
| ayers thbhe sghyt the samde lmrelh’ot bkéoémajmimfsermdomnpouodauThe(bwmerst| | | anount

to a mnlrrumof 100, kc) con rsolution r
ronomer . 30CHI S BEAENSIBH 50 deRRI o B tetdRCy Sl e BRENEEB SOHRRIND ¢ he

i nvernli on d el ift§

resi 2?ancef%{:?oigﬁfétnzgxlcdéﬁf@a:ﬁﬁfgﬁ%’%tﬁﬁeeﬁwa\% Oéf?aosggéé?th CE%!?%POZ gngSO 10 18
Nov 2005 refadllﬁlmmlcﬂssmmerme piflachnag of the abid ipy remgienddf thethiopheaef i r st
conductive netal e ferabl d| s ense tter of course

t he aci dic® %WPGFPQN"%}{% @ng §Q§H 880'&5%‘%@@"9 §UPYFatSr oduci ng
printed cigGMhde boards is required to have a long shelf life before it
beconmes necessary to prepare a new one. A nethod by which, in an effort to

increase the shelf life, the processing solution or the mcroenulsion is
constantly_rejuvepat ed throu con rabl e ov rJ‘I W and si nmul t aneous
1;'§t| onT{/(F E gerﬁg

conpl RHiOPPERR COFMRAYTEHSRIE by %%?9}3 B?&B?‘éﬁ’nm[ﬁw&@f“q hese 10

condi ti onsg. rfert@:%sabsﬁmté@trﬁbﬂswésoand em-anfgtérdéu'ﬁ%umé@&rvapﬁewl Ifl act ual I'y
be avoided. However, considerable anounts of the relatively expensive

chemical s mme|pajef@eraats@@baplmm@‘dherpregemanvammhtrm t!saﬁommmaacwmpeundoul d be
is selected from the group comprising 3,4-ethylene dioxythiophene, 3-methoxy

thiophene, 3-methyi-4-methoxy thiophene and the derivatives thereof. In

20 principle, other thiophene derivatives may also be utilized of course. They are
selected in function of the achievable electrical conductivity of the polymer
layer, though.

The concentration of the thiophene compound may be adjusted in the range of
25 about 0.001 mol/t through about 1 mol/l and more specifically in the range of
about 0.005 mol/l through about 0.05 mol/l.

The acidic solution or microemulsion of aqueous base is utilized in the method

for the direct electrolytic metallization of electrically non-conductive substrate
30 surfaces according to the present invention. The method and the solution or

microemulsion permit to avoid the problems of known methaods:



generated, which would require costly treatnent. 15 The invention may be
applied to the production of printed circuit boards and other circuit

carriers,wpgpgeseci fically to the production of hybrid ci pgyidpezesdshi ers,
onto whi ch are nmounted both housed and unhoused sem conductor conponents.

The circuit carriers of concern are so-galled multichip nodul es for
exanpl e, which are generally provided th several planes of ci rCUi{éB hhvnmh

20 arranged, in several |ayers and ich ssi,bly are in turn nounte

other ci .&P{O%egsrs_feé]&e FN&?B%“\QGWS‘?UQDBHH t‘?é?lcﬁf@%ﬁ? “é{Bﬂl"l W1 on, the
term pri nbaflati6h! Gwitie BRRtGEASTHINBEGESUANY SHFdLdE, bf 41y &b mBhgafedEer al l'y
conpri si 2{]? such «circuit carriers that serve to receive and electrically

cont act ediesiteomndntaiosioady sondpakivs pelyowrjayenissooned imposeninglgr oups and to
el ectrically conpec id 25 conmpopnents and gconponent. groyps to eagh ot her
2nd 1o otHEEeES Mieh LT Ee wiia AN SER PR ERTL oo dH S dI A CRr SS VP cui
confs gur ag&Ofhef QEn-BBKE NSV S&Faddith Qﬁ@ﬂ%ﬁidrﬁéﬁsoﬂmén% fdifitst pRide ers may
t hereby not only be conventional, -lamnated circuit carriers, but also

subst ant i 2id $o theneeenthokihe) wetied sbirfaces of the sibksteatendettt aomcy. ddwi ¢ f or
unber of S T EIEhEomE RIS PR ALE SR Rae A MK PSR o v
02/ 09509143 T érﬁ?@ﬁh@ﬁé@eé—Fedro@u&l@tﬁtﬁpél)s‘:’thecﬁnté?ﬁ Fotrﬁ\_%rtiEthfsthe Polpeant

consists in starting froma copper foil (overa I ckness approximately 40
- 100 pn)lagenakdysiprhcacds & acepiaducitde imandRGathodsialutiomtasitheriogprer ) and

t ildth t he vari iring. . Thj b hi ' t hat
o elbet i BeIREoRHF R BB Byei bl aetide Fhacs strred § v Gl e, 5
el ectri caéthgp?p@gst_i ng paths being fornmed between the planes by nmaki ng hol es

(mcro vias of a dianeter of 50 - 150 pm through the dielectric |ayer
separating the printed circuit planes to be connected and by netallizing

the walls the holes. In a particularl yant ageous varia t he hol es
are made 21 1 HelFeF bEres vl 2vBR el udl dRMARr Fd, F50T ToRu B ot of
150 - 250mpiptR 8adiR Bt ighatk Gﬁ&r%ﬁ@@?rd%bnaéoﬁdﬂﬂﬁ% WitRGGShuhRkeft he
holes are t0 be formed (conformal mask). Then, the holes are drilled with a
| ast? i n Y@¢ids ospuwingon thaenetaliayebt ai ned copper free area. The nethod in

accordance with the invention is carried out next to netal-plate the holes
and the correspondi ng surroundi ng areas. 15 The solution or mcroenuision is

aqueous. JhRirthérmictesthe él@éiri@cd@d@{tivﬁ?b\' trﬂf pol/fferaal¥erimiearigi ng the

solution or the microenmuision is water (at |east 50 percent by volune). It
may addi t&dremely ight lisisehigh thadliean be made cegpincthit euen yhairgamiat

sol vents, wahs gf ﬁgrrg\lw?%r}%l Bore Tol8s T Sﬁ}'n{éuc gilréx}ft tlagél\rl'd%% {l] S r%etal—plated in

. 20 a fast and reliable way.

4. The stability of the solutions and microemuisions of the monomers used for
forming the potymer layer is high enough even under the chosen conditions
according to the present invention {utilization of an acidic monomer solution or

25 monomer microemuision). Even with aged solutions and microemulsions it is
still possible to produce polymer layers that have a sufficiently high electric
conductivity. Even after ageing, the electric conductivity of the polymer layers
that may be made with the solutions and microemulsions still amount to a
minimum of (100 kQ)". By contrast, when the monomer solution or monomer

30 microemulsion is aged and when the conditions according to the invention are
not adjusted (examples 4, 6, 10 - 17}, the electric resistance clearly exceeds
this value. /



al cohol s, esters and ether esters. According to the correspondi ng
explanations 20 in US-A-5,575,898, which is herein incorporated by

r ef er encewata@osasiicr oenul sion is an emul sion that contai ns PEVERSAEFIF0snal |
droplets (of a dianeter of 5 - 100 nm. This is the reason why the

m croenul sions are optically transpareq. They are al so ther denMclﬁdaLy
stable, which is to say that the m croenul sions do not separate 0

Vi si bl e phas r

e i i e N e R S e SR
t he hydr oplayet is preiayabiysdiepensgdwdd. in the hydrophilic phase. |nasnuch, the
expl anations and indications disclosed therein are included in this
application. 30 Depending on the nature of the thiophene conpound, either a
sol ution OAsd mmtéf B?H&Ur§bQﬁe@%)d:@§oFuﬂbﬁ%‘i' mlk;frﬁmeis% ABRAEI EOBBRULRY T at her
has hydrophobic character, a m croenul sion w rather Torm Wth rather
hydr ophi | |brmwi@@509ﬂemd®HMYGSZSOSMFeﬂd & hNawe 20059 @beﬁcblm]bsforehte

t | ut
A 1 onal PAHBeE BAEPRTA 400 BYEHRIA,  JoMGH b R RREE WD Fhizh SHRER
sol vents, l'hlé?éa%ea{ﬂ@' dHepnint, $e Lpfﬁaé%gvg’sbmﬂloﬁsorst‘%urﬁldr éRlutsioristo forma

m cr oemul si on, |'east one s ace-active agent may be contained in the
emul si on. WrmiaatlysI:Brjlﬂ\am&tadﬁhmgagmntsidemabledmerﬂowbmﬁdjsmwnanetdw soI ution
or m croenul si her r ef s to botgy(‘)ne

surfactantcorﬁﬁ%t@b\)’é’ﬁF Tosd BPLOR RS AptSANR S Pareleqt dhe el i on.
Par LUl Lyna 84 SoBUEIF IR S i IR Rl BRI P8I 160 niuté?ﬁu%gg -

conprising et sur ctants e emul sion may for exa
t he. et hoxyiawméeddﬂbwet/antcmnsmiesalblermmomteobﬁtheldél—aAvélyE@ﬁ:@B&e thermimatdh, the

expl anati ons i ndi_.cations dlsclosed therein are incor ted herein by
reference.w*?Hg%%Pﬁﬁgﬂ‘Qn BRI IERARRURLS dﬁ’%ﬂﬁlW?@r&CﬁgQ;Pate chai n and

a 15 hydrogﬁg@aged &othiflN SvouRy rd F@@éﬁl%t@@é ,ﬁérﬁepartl cularly suited to

stabilize m ¢roenul'sion are tristyrene nol et hoxyl ates. Conpounds
with differential [|engths of the et hoxyl ate chain differ wwth regard to the

watorSi s OANS TYEERoNTEY O SPPIag 10 Nn PHeARILIOR Ths A culihoacet dnfon -
getting t Upied cFrBu@%Qﬁléi@”Mb?é EP&&F&&W ®natsauation BPRYbIY Birkuf eper at ure
and below a lower Iimt nperature ound m croenul sions wth

sur f act ant satnigvs, rt.‘g'lta wrtym emmmtmte@botluleom,ed aond uhiouked fsgminoadw@oper at ur e
range the t he . hi

e e SBREbRRE FoR R Rt Y e o S aEeh BB AR o s

example, which are generally provided with several planes of circuit lines

20 arranged in several layers and which possibly are in turm mounted on other
circuit carriers (mother boards). In the present application, the term printed
circuit board designates any such circuit carrier, generally comprising such
circuit carriers that serve to receive and electrically contact electronic active or
passive components or component groups and to electrically connect said

25 compoenents and component groups to each other and {o other components
and that are provided with an electrical circuit configuration for making electrical
connections. The circuit carriers may thereby not only be conventional,
laminated circuit carriers, but also substantially three-dimensional circuit
carriers made from plastic for example (so-calied three-dimensional printed

30 circuit boards).

A great number of different methods are available (o produce the very complex



denmul sification is observed may be w dened by addi ng m xtures of various
surfactants with hydrophobic residue and differential |engths of the

et hoxyl atweo cechigiosn The tenperature range in which the m cr ®€WdIP8Y/6135toes not
tend to denulsify nmay be particularly wi dened when a first surfactant with
an EO chain 30 length of 30 maxi nrum andi@ second surfactant WithaaNUVEZIJﬂ&:hai n
| ength of 35 maxinmum are being utilized. This observation not only applies

for aqueousrcuilicafrRSUASIRzmt @@ﬁé@&@irﬂﬂaﬁh@ﬁeﬁnﬁ P 'fOIFj@vaéHtthV@(ﬁeEQer eof .
This finding WD 02/ 095091 13 PCT/EPO N5 M™2005 al so applies for enul sions of

conpounds appaeximeteidl ot 0@>rm|ny) ¢@Ed|V¢itfealq;eleotrlm(lresm|) RGAL gesin Deated

fact ant b t d i trat 5
£t om aboutobP8 e 1B b ine 88 Yo Fafipis e rlAheb ks iy 6 a8QRHETE Abou
14 g/l. | @h@{déidfe‘lédirlé@Iéﬂ?aﬁ@@%ﬁférﬁag&%ﬂ@é‘ﬁ&na@ély'&%@Elt@@%f@daﬁn&é the

al kane sulfonic acid furthernore cont ai ned. "When a salt of an al kane
sul fénic %&ﬂtdcalmmﬁactl@g |p@ﬁresmdemgtf@r:medmee:m th&anisoeﬁnbycmabmg holes

I f I f
2l kane. sutipoide pte Taperar it o0y Ghiiind dieenti St i Aoy er o
salts of sgy %hﬁ{ecﬁélhﬁﬂtepl%le&%'b% cottiéiSed BAdIY me{t?lﬁznﬁ?'the%a!l%hﬁ the kane

sulfonic acid, it 1s preferred to use cations “of salt selected from
t he group hod)emdm S pajtlaﬂﬂmaly|acbmrtagmuavmmnmeaholeb aretmans,, méJnenﬁratum

ti , t | t i fi Iy tet
ot um GO A RITEPES Sl CLATBRETERN Co0r G LAGraTgaiA
cat l4gns. tﬁ’é”c%EééM é?‘b% thd¥e $18Be&WiiE 1H¥lng ﬁréifﬂ He &Rt gdo‘ﬁ figl nmore
speci ficall ot assi um net hane sul fonate and the correspondi ng hi gher

honol oguesnad(). Phewctthet rlde wed dpilled petht & dadarihhadeateragfdbashes detzinedrhe

concentration of sulfo ean s or natin rom.t he al kane su|l fonic acid
and from td?@pgéfr?et%ﬁ@?gﬁ‘eé’?%t df’ﬁd‘?ggdai‘quec‘%g;‘.dt%?tﬂ\f%woﬁr’sﬁ?g AL IS| on Imay

'n the 25 TansoTer BRI GES A e M ER 0 sBphopgBeapy P e el

concentration is obtained by subtracting this concentration fromthe
concentra on f .the al.kane su] fonic aci dﬁbn t he sol EE on or m croenul sion.

The Pal t s fion op BUETOSRAYIEIP Y aqusaus: fBat isnosa6hat A Palr #AAngi ng
from abOUtthQSBQ%nmrHln%%@QBHkloﬁedmhélmuc?@erﬁﬂ?sléﬁhst WafBt\bt pagd may be added

to the solution or m croemnul sion separately, or a corresponding
base, KOHSS(opereganipy splumsesy). Hilenagl(mhﬂman’laiiy witaini atheosolvieatsyemaresi on t hat
contains aslpié%x Ra yuBIgoarhlg s8 v'e?wts Such as a!cohols maore specifically low aliphatic
alcohols, esters and ether esters. According to the corresponding explanations
20 in US-A-5,575,898, which is herein incorporated by reference, the
microemuision is an emuision that contains extremely small droplets (of a
diameter of 5 - 100 nm). This is the reason why the microemulsions are
optically transparent. They are also thermodynamically stable, which is to say
that the microemulsions do not separate into two visible phases for a long time
25 after their production. The droplet diameter is independent of the energy input
{mixing operation), with which the hydrophobic phase is emulsified in the
hydrophilic phase. Inasmuch, the explanations and indications disclosed therein

are included in this application.

30 Depending on the nature of the thiophene compound, either a solution or a
microemuision may be formed. If the thiophene compound rather has

hydrophobic character, a microemulsion will rather form. With rather hydrophilic



1 B.NOV 2005 14 The solution or mcroenul sion may furthernore contain
wetting agents that have been chosen in function of their capability to
reduce as much as possible the surface tension of the solution or

m cr oenulEPER09WALh sol utions or microenul sions are parti EGFEYIBHted to
treat holes with an extrenely small 5 dianeter as the inside of the holes
may be reached nore easily by the soluti#®n or mcroenul sion. Thé gskiWiidon
or microemul sion may be advantageously utilized in the process in

accor danceompduridis thavendrsens trlibi Thegirbegh@e M tsdldtRrden®sirbeinigiorsi npl e
manner a |ayer of nmetal onto resin surfaces w thout using el ectrol ess netal

10 pl at i ng@nmaddifereibshe 6eRpPIeE BY AFEITDI1anRPEf Watlieiwther 6683YC st ages:  a.
bringing t St.L . ' ne wat er - sol ubl e pol yner,
b. form nggbzvﬁg’e{rhe%%ﬁ%gaﬁaggéwgﬂg%ag%%gEsﬁ}éﬂt}e”ke??ri cally non- conductive
15 substrate surfaces, using a pernmanganate solution; c. treating the

substrate surfaces with the thi ophene solution or mcroemulsion,. d, .
el ect ol ytTQHITYaMRICEIEPHIBIIh Gt SRSt OMEsTWERCE-aelivergeent may edeanteivetdim a

| ayer of di 0] e i I (st f tk

or vcese) . TREMTRETAPITE QDR AT DR RS PLelih |,
order to camdidroemuldien fementisbed aeesin, ithefess bbbt ene simpakagsednni th a
water soluble polymer in the first place. The water sol uble polymer may be

utilized a@nd sevgrabsiefzetants. linerrfadtant dabilizes the eanligionoPagiculatlyean and

doposi t  neteHellT AR ol e Shistark P PR AR RN Sed 2ol Ca et 1 1
t he 1gubseqigfictame Tha@anatR ALY FbOaxarRbRCOMaIN Bl thbRAakas@tambatd al s
(flame retardant epoxy resin/glass fiber conposite material) have been

utilized faigo utieatedrie UA-WS7628¥5093mush PO erganatiaes and Indxatznss
pr oduci ng | | rcuj rds,. but alsp | ampates with reinforcing
mat eri al s cg%#'ﬁégg{rﬁ%ﬁ'rb#';es@%s f@é?‘,ﬁ%@ﬁ'}%‘rﬁ?@( ?ﬁ?%‘ wi th woven materials
made for exanple fromtetrafluoropolyners, aram de and/or ceram cs, and

| am nates with resin materials having a %I__ass transition tenperature Tg >
140C, e. g. Thaipufactagpbepmpounds have a hydrophilic ethoxylate chain and a

15 hydrophobic residue. Surfactants that are particularly suited to stabilize the
microemuision are tristyrene phenol ethoxylates. Compounds with differential
lengths of the ethoxylate chain differ with regard to the stabilizing effect. Using
these compounds, a microemulsion of thiophene in water is only clear within a
certain temperature range, the solution getting turbid through demulsification

20 above an upper limit temperature and below a lower limit temperature. it was
found that microemulsions with surfactants having a hydrophobic residue do
not demulsify in a temperature range the upper limit being the higher, the
longer the ethoxylate chain.

25 It was surprisingly found that the temperature interval within which na
demulsification is observed may be widened by adding mixtures of various
surfactants with hydrophobic residue and differential lengths of the ethoxylate
chain. The temperature range in which the microemulsion does not tend to
demulsify may be particularly widened when a first surfactant with an £EO chain

30 length of 30 maximum and a second surfactant with an EO chain length of 35
maximum are being utilized. This observation not only applies for aqueous

microemulsions containing thiophene and/or derivatives thereof. This finding



5 such water soluble polyners are required that permt secure and uniform
formation of the |ayer of nanganese di oxi de. The conditioner contains the

‘wat er solywhl@op@byner in a concentration preferably rangi wm%ﬁﬁi
ng/1 to about 10 g/I. The water soluble 10 pol yner of preferencel

therein may be at | east one polyneric apkne and nore specifically a
conpound sel ected fromthe group conpri sing polyvinyl amne, pol yet hyl ene

Fol 1'owi ho SenBBulie SENFBRGEP AN For B ate To% b B resRaBH Y Bt g r o
pol yet hyl emevagéw col , pol ypr opyI ene glycol, copolyners of 15 ethylene gl ycol

and propyl ene glycol, polyvinyl alcohol, polyacrylates, polyacrylam de and
pol yvi nyl pyrrol i done. Furthernore, and in addition to water, the conditioner

about 10" mhe s Bt Py Rof SheeaniEe KRl € A RREPAR R Bt "Bei o
nor e speciffdr oyt 8t3 bﬂ@ébb@ﬂ?%@@ﬂp?b@f@r@cﬂi{ feheabbupm4 @ﬁe g BBYGt THFN! i Si ng
hal f ethers and half esters of ethylene glycol, diethylene glycol and

triethylene glycol, e.g., diethylene gl ycoI m)noet hyl et her. The foll ow ng

il yool ol itk Rkl ara AR Rt as SR P i Rliang. “al vet by
for mam de SUNdnit a4 AR aaiRdhiife bEGomalneNBhamy 48t otah bikee |ifoRry 1 n

pure formor diluted with water. The conditioner may furthernore contain at
| east one m,twhghagmendadpwbamsed iatheseiicadommiaroagrasioecis. Al kyl and

Con i n e EhSER L i erSia duf SnelE salf P A = ERRe st USRE aRil el oily be

used, e.g.g t%ﬂén éﬁ@hhe@ﬁﬁon:%(éé"@bﬂ%e@ﬁ?sau%%éé@e@aﬁ%?@é@@%ut?é\fﬁ&’@'05280 1
B KOV 2005 16 HCO03-. The substrate is preferably contacted with the

condi ti onéacids. an el evated tenperature, for exanple at a tenperature
rangi ng from about 25C to the 5 boiling point of the conditioner, preferably
from about 60C to about 85C. Depending on the intensity of fluid convection

on the surfafgni hebsalf 6PREslkand éﬁﬁéﬁ"&rﬁm& '.m@, FrERRE S td Qsé rc@ﬂbﬁ'?%ﬁfhew Sec

to about 15 mn. The treatment time of preference is chosen from about 2
m n 1o abaalt Siectadirem tineu@rowpmemnsrng alkhliicatiens.salisalingyeagbdatings,f r om
about 15 saerﬁn%o%luanq(%:léthons letral yl :.an*non'téan%rr%1 %ﬂér?sn tr‘ﬁlclaret ESQEH’ 851% te?ramrg%lh o'yed
ammonium cations, furthermore zinc cations, tin cations and aluminum cations.
Potassium salts of the alkane suifonic acid in particular, more specificaily
potassium methane sulfonate and the corresponding higher homologues,

20 proved to develop a particularly advantageous effect.

The concentration of sulfonate aniens originating from the alkane sulfonic acid
and from the salt thereof are contained in the solution or microemuision may be
adjusted in the range of about 0.001 molfl to about 2 mol/l, preferably in the

25 range of about 0.08 mol/l to about 0.8 mol/l. The salt concentration is obtained
by subtracting this concentration from the concentration of the alkane sulfonic
acid in the solution or microemulsion. The salts may more specifically be
contained in a concentration ranging from about 0.001 mol/l to about 2 mol/l.

30 The szalts mentioned may be added to the solution or microemulsion either
separately, or a corresponding base, KOH for example, may be added to a

solution or microemulsion that contains alkane suifonic acid in excess.



The conditioner not only serves to facilitate subsequent production of the
| ayer of manganese di oxi de by neans of the permanganate sol ution but al so
to sinplify wetting of finest holes so that air contained therein nay be
conpletely 15 expelled therefrom The possibly swollen resin surfa ﬁi@ﬁre
next treated with the permanganate solution to forma film of Q@

di oxi de. An aci di c pernmanganate solution ¥roved particularly SU|ted to.
forma very conpact and only slightly porous |ayer 20 of manganese di oxi de.
Such a | ayer of nanganese dioxide permts to achieve reproducible

met al | i zati on dhe shtice or migroefrutsien mayfukharmane coatairy wettingl agenigthat t han in

i oxi'de. e oa B0 S8 P sNT hes BRI S R fon FRORERERE
stabl e and t hethe susfacertehsion jof reesaclutisn @rrmmcbe?ﬂulsm Subk tsbhitiofs of 25 | esser
tendency of the particles of manganese di oxide to detach fromthe Iayer to

enter into theMiGPemuisipnsRIeRaricuarivesyiedie fieat heles with an extrgmelemallve t ests
it was further goned el lhﬁﬁet&?ﬁéﬁaégwﬁfb%ﬁaﬁ%r@ 'il)?]B iﬁ&é‘@gtc\im' ng

an al kal i ne permanganate solution i1s reater than t tal ne
usi ng an aci di or maroernuision.t appears t hat dur| ng the subsequent formati on of
the 30 conductive polyner |ayer the Iayer of nanganese di oxi de often is not

manganese. di b 06 SAEODET FRGRBTELSGR B B BENARAO s ZEA B PRSI
02/095091 17 P&dédebBREOGRA tHe w&eh@ﬁ %w@tﬂ&@ﬁ@mﬁfé% debbst irf §eingmeoer has

reacted wth the manganese dioxide. This nay result in deficient adherence
of the netal | epsncealayesotmetyl ontpresinisudacasewithad iusinguelecicalessmetal-

per mangana sgll ﬁ%éon contains a pernmanganate salt, nore specifically an

al kal i pernang 'Y salt such as sodium per manganat e and/ or potassi um

per manganate for exanple. The concentration of sodi um permanganate in the

sol ution may fgre preiERsCIARReE the fdlie §éc§lf@n@ Fitesd@tadds: t 0 about 200 g/,
preferably from about 6008%) to about 100 g f per manganate is utilized

in a 10 concentration of up to 50 g/l, the | ess sol uble potassium

per manganat e may agebringjmgithésmbalnatepslum&;dnm@ritaCttthfbewateﬁ-milulﬁd at hi gher
concentrations becaéﬁ'@ Ff its better solubility. The production of the

| ayers of manganese Slde usi ng an al kaline 15 permanganate sol ution

results in the genefoaninga Riyensngangasede\is}ide bn the electrically non- conductive
15 substrate surfaces, using a permanganate solution;
c. treating the substrate surfaces with the thiophene solution or
microemulsion,
d. electrolytically metal-plating the substrate surfaces.

In order to form a layer of manganese dioxide on the resin surfaces (step b. of
20 the process), the substrate is contacted with the permanganate solution.

In order to condition the resin surfaces, the substrate is contacted with a water
soluble polymer in the first place. The water soluble polymer may be utilized as
a cleaner/conditioner liquid which is able to wet, clean and condition the
surfaces. The water soluble polymer serves to pumposefully deposit manganese
25 dioxide onto the dielectric areas through treatment in the subsequent
permanganate solution. Since not only FR4 base matenals {flame retardant
epoxy resin/glass fiber composite material) have been utilized for some time for



together with major and uncontrollable formation of sludge (MO02).
Furthernore, the |ayers of manganese di oxide are very bulky so that a
reacti on wagfp2bef ayer of manganese dioxide with the nononppg/rpseekber
form ng-the conductive polyner |ayer is probably not quantitative. Because
of the 20 drawbacks nentioned, the subSﬁ%uently formed pol ynmer |ayer is not
provided with satisfactory electric conductivity, and problens aripgNOVi009

furth t f th bricati f. inted ci it boards,
cpeci 11 caProRure g s apuk Boatlh, BULERG e RinREs i b HnA ey B ogon
peroxi de (ke fanidihss RBEL, Handl %ét‘éﬁal%@ﬁ%ﬁ/efn%gf‘é?%@ﬁde febiesBniie due

to the fact that residual anmounts of 25 nanganese di oxide are dissolved by
t he aci di dromedeicafhepropblymerasasgmide and/geceransicheama) |droinates with ré&npr ocess.
Defects may thus occur in the electricall caonductjve | ayer. trast,
T usi ng RPERE GBR Aelgan JRESCONAETRERY B dr §A0-G & 8. Ut oa2Ginganese
di oxigde, | i Qi-5h, ; - .ﬁ'ﬁﬂs j | of
mngafese%giggiy%@:?gpupoéjﬁglyﬁv%r?cﬁeirga%%mﬁ; t |%@%%%goun@§g{n and whi ch
is perfedoinyatian obthet lageebbmanganéee diddee.pol ymer | ayer utilizing the

solution or WO 02/095091 PCT/EPO2/0 250 1 NOV 2005 18 m croenul sion. As a
result thereof, there is no risk that residues of manganese di oxide are

| oft over MhethddifoRal B LaNE e BSiuBE PERRA 13 ialeniayopr obl ome arl se

in further steps in cation proces rcurt boards that

make use @frefeeablyiraggitigemadizout 2ar ingdtoabeut tDey/b dheangi@nabibfe sol uti on
does not tend to form nmanganate (M1O42-) which would in turn  decaonpose
(di B opoPARER &) PieteeneRELNt#RRE AR Maxbaal least pprPolYBeriaamine of

sludge is j i.di anah | :

consi der ab":\tn ;@%?éégéggﬂfzaelwgggmﬂ c@rdro%%ggt%gi ng ngﬁg‘ﬁ%EBQWSF@S@Y Vlingi

parti cul ardnyineppblgetioti@se trhime, polyvirsil gidaokcand aikytarnmegathaleness)dides | on
instead of an al kaline solution to formthe | ayer of manganese di oxi de, the

conduct i vicOpolMense TheIfHawing[PPeYnds Al iSPriyied tadiecasediasvatehoner  of

ten. Per ti j ' fr b about 7
proved 1505 1g g0y Iet: pRREAEN S BB AP ns AR BRI BES T ¢ e
rands fromstiadent ghyddb ahd mbpylend.glivsoiconiyviagt gidonbl polyaerkaren net hods of
produci ng the | ayer of man(gan_ese di oxi de by means of an aci di c pernmanganate
sol uti on, PRlyacedamidaand prayvinyipyepligen&onpound for adjusting the pHis
preferably utilized as a conponent of the acidic permanganate sol ution,
sai d buffer conpound being selected fromthe

Furthermore, and in addition to water, the conditioner may contain a water

soluble organic solvent in a concentration ranging from about 10 ml/l to about
20 200 mi/l, the water soiuble organic solvent being more specifically at least one
compound selected from the group comprising half ethers and half esters of
ethylene glycol, diethylene glycol and triethylene glycol, e.g., diethylene glycol
monoethylether. The following solvents are also suited: ethanol, propanol,
ethylene glycol, diethylene glycol, glycerine, dioxan, butyrolacton, N-methyi-
25 pyrrolidone, dimethyl formamide and dimethylacetamide. The solvents may be

utilized either in pure form or diluted with water.

The conditicner may furthermore contain at least one wetting agent to produce

an enhanced wetting effect. Alkyl and aryl ethoxylates are particularly suited.
30

The conditioner may moreover contain an alkalizing agent. All of the current

alkalizing agents may be used, e.g., NaOH, KOH, NH,, N(CH,),0OH, CO,* and



group conprising phosphoric acid, dihydrogen phosphate, preferably alkali

di hydrogen phosphate, and hydrogen phosphate, preferably dialkali hydrogen
phosphat ew@bk@kiooist andi ng for |ithium sodium potassium BFGEBERIZGMANd

cesi um - 25 These conpounds pernit to adjust the pH of the per manghgdld 7005
solution to the previously nentioned vague of about 2.5 to about 7.0 and
nore specifically of about 3.5 to about 5.0. The first buffer conpound is
cont ai ned g ¢t he acidic permanganate solution in a 30 concentration
preferably ranging fromabout 1 g/| to about 90 g/l. The acidic permanganate
solution for formng the |ayer of nmanganese di oxi de WD 02/ 095091

i usti g TRE SHRSTAI S5REERPY 40T tre 67 Wikt Sanibaneal 30 ERveEh <ol ot on
Bl ane. ar e T B o T o P e O 15

used, 5t he ptlling poird qféherennditianer, gokfarably fram B 6ORCrataqut 8§ Gsted to 9.
In this case however, .the benefits of an acidic er nanganate sol ytion are
not taken HEPERERGEbIN BIFASY S MR RTRNEHHE SUTSEE boogiiadsed i n

combi nat i opelichbnithe riciind ¥t fron S8BROISLectbUT 13MRATHY Fontpigmnganat e
solution may al so contain turther conponents TiKe for 0 exanple a wetting
agent for timdusiiprgfarbeces iy ¢aosent feosi abouwlf2 tiirets aboti ® minFhiuen theat ed wet ti ng

agents are, particularly sujted. The te rature of the acidic_pernmanganate

sol ution i Wﬁf%o%%@?'%{%%lﬂ @emadisa-gtﬁ ffl@maa%‘#tu@ PER P ﬁBOPF%rW'Qg@‘ug” 55C to

aboug;95C, tr&rﬁéﬁf&ﬁalytef:ﬁﬁghe%eﬂ@b%eo%c to about 90C. The treatnent tinme of
trates int IC perman

t he subs e acl anate solution may range from about 30
sec to about 6 mn., Wen using the i mersion technique, the treatnment tine

ranges from about,2 mn to about 6 mn_and when using the 20 horizontal
t echni que, D€ CORAROREr NehpRlysErvas tafasiitatepineasent Rroduation afihe layrs

substrate j i : j I ith the
el di ¢ mononEAEafted S AR b MERSH RS bertihadiAShulioR bR ' 1§ 12
t enper at ur sinfEify wetiing bEfinest doleeso theat,aintoRalbddiheexiambe beldtmmpletelyment 25
time in this solution anmounts to from about 30 sec to about 5 mn, nore
speciPi cal P8l SHRIIRMAS sec to about 2 nmin, depending on the nethod
chosen. Then, the substrate is electrolytically netal -plated, nore
specifically copper- 30 plated.

The possibly swollen resin surfaces are next treated with the permanganate

solution to form a film of manganese dioxide. An acidic permanganate solution
proved particularly suited to form a very compact and only slightly porous layer

20 of manganese dioxide. Such a layer of manganese dioxide permits to achieve
reproducible metallization of the resin surfaces in a substantiaily simpler way
than in using alkaline permanganate solutions to form said layers of
manganese dioxide. The compact layer of manganese dioxide is obviously
much more stable and there is, in the process of treating the substrates, a

25 lesser tendency of the particles of manganese dioxide to detach from the layer,
to enter into the soluticn and to create problems there. In comprehensive tests
it was furthermore found that the amount of manganese dioxide formed using
an alkaline permanganate solution is much greater than that obtained when
using an acidic solution. It appears that during the subsequent formation of the

30 conductive polymer layer the layer of manganese dioxide often is not even
entirely used up in favor of the polymer layer. Therefore, residues of

manganese dioxide may be found between the polymer layer and the resin



In principle, the follow ng sequences are conceivable: WO 02/ 095091
~PCT/ EP02/ 05250 20 1 B. NOV 2005 If for exanple a sinple printed circuit board

mat eri al yw@RSH&HdNY of a glass fiber reinforced epoxy resippr(EpRdds2eht hout
internal layers of copper is treated, the followi ng process sdduhcBlnay be

used: 5 e) conditioning - rinsing f) fg-;m’ ng the | ayer of manganese di oxi de
- rinsing g) formng the polyner |ayer by neans of the nononer sol ution or

10 m croe ' I NS | ' | I ' .al.-nl fati.ng 15
Process stopeg) Bubhaidtdne MaRbEl had repo®idii tid MdflanéalBxine! Thiscr
sol ubl e pudyrsuitiin deficenaahersataid! e edd! [ppsséldsequentiaiapplied totlgani c
solvent and  wetting agents and/or al kalizing agents for subsequent

per mngan&8ENSHEACRent . The | ayer of nanganese di oxide (step f) and the
conductive polynmer layer (step g) are formed next as described. After that
the printed circuit boards 20 may still be treated with an acidic cl eaner

|'i ke 5f or  Ghemrencrgangie auiitionl sdrtainsad pathangasatacd i, anstelyphompatly pev oxi de.
Then, the exposed copper surfaces are _ pickled, e.g{. by neans of a 5 percent
by wei ght 2§@liRargrengRnate saltistch@sssqdivgppenmangenata @nddererRtasaidNs ubst r at e

br ocess s PaptakERFt R Bl B KBhGEn ORI B soPRE aRkub e R e 1 o
over fromgbhgionrady doséyarppld BE gRHiGIARR frdhy SSod TP g/ td BBLNB20BY/Ibe carri ed
out between the steps f) and , the first and third rinsi rl]_&ﬂiZSteps bei ng

per f or ned PigferRRg fem abeut A8 WtdlP osilhgesasngadaleus ed fha acidic

Lyt i i ni furi id h id t h
cul fboni o Salibe P ahE S0l i s Eed i ra e bRk PeBRelad e Al B s " 30
renove | ayeed. Shdivewpermanytratdiatio RRSsicibyed ot MRshatoeragatogopPPEr
surfaces prior to producing the polyner layer. Finally, the electrically

conduct i v&®ecause at 8s better sphdilityl ytical |y netal -pl ated, nore specifically
copper - pl ated WO 02/ 095091 21 (process step i).

The production of the layers of manganese dioxide using an alkaline

15 permanganate solution results in the generation of manganate (MnQ,%)
together with major and uncontrollable formation of siudge (MnO,).
Furthermore, the layers of manganese dioxide are very bulky so that a reaction
of the layer of manganese dioxide with the monomers used for forming the
conductive polymer layer is probably not quantitative. Because of the

20 drawbacks mentioned, the subsequently formed polymer layer is not provided
with satisfactory electric conductivity, and problems arise in further steps of the
fabrication process of printed circuit boards, more specifically during treatment
with acidic solutions containing hydrogen peroxide (in the full pattern plating
process for example), which are due to the fact that residual amounts of

25 manganese dioxide are dissolved by the acidic reducing solutions while oxygen
is being formed in the process. Defects may thus occur in the electrically

conductive layer.

By contrast, in using an acidic permanganate solution to form the layer of
30 manganese dioxide, a grey-brown, dul! finish, smailest-sized grained layer of
manganese dioxide is formed which is relatively thin but compact and which is

perfectly suited therefore to form the polymer layer utilizing the solution or



PCT/ EPO2/ 0525 e NOV . 2005 Instead of a copper-plating bath any other suited
netal -plating bath may be utilized such as baths for depositing nickel,

tin, zincwoexrasodron, gold, palladium 5 silver, cobalt, aPCD¥EEO¥RTEOf or
with other elenents. The substrate is preferably elect roI yticaly I%Nnv 7005
copper-plated. For this purpose, a sulfumi c acid copper-plating ath may be
utilized, said bath containing, in addition to copper sulfate and sulfuric

aci d, smal b @eRHliSIoR! ASHY r%rs'uﬁeihér% h'eré‘?s A9 R'tHSFré@I?l?éhbbmﬂ'aH ARBss he

phyS| cal properties of the coatlng. ese are or exa righténers and 10
| evel i ng adiexide adefttdver priedutite mmiymferd@mrhsbemg ﬁ:urrtesd sathataw nul ti | ayer ed

i R T AT i
per mnganapga &l b FH?;Ske udd OSidMci éﬁ %%%"%H%H%Beﬁf‘en Ak @xAsark

reducing - rinsing B Pretreatln cleanln% y etchi - r|n5|ng 25 O
Pr oduéi ng sblatioomﬁmstnoteerpm)tqum mmtglamdte MaCx rwami'emmutdwmttnm i nvention):

0 o0 {00 e B ) Rk i D003
B. NOV_ 2005 b ddiis!thySl 6}de] FHeabi. SBalad ki B [drikaiel ng

conplex circuits, resim snear I Tst renove ol es y 5 etching
(desnear pconsderatftyt a1orb statiferthamiascqregpeseing htkatinefbadles are et ched and/ or

cl eaned depending on the type of the dielectric. Dielectric surfaces may
10 It is particularly to be noted that in"using an acidic permanganate solution
instead of an alkaline solution to form the layer of manganese dioxide, the
conductivity of the polymer layer is surprisingly increased by a power of ten.

Permanganate solutions having a pH ranging from about 2.5 to about 7 proved
15 to be particularly suited. The pH is preferably adjusted in the range from about
3.5 to about 5.

As contrasted with the known methods of producing the layer of manganese
dioxide by means of an acidic permanganate solution, at least one first buffer

20 compound for adjusting the pH is preferably utilized as a component of the
acidic permanganate solution, said buffer compound being selected from the
group comprising phosphoric acid, dihydrogen phosphate, preferably alkali
dihydrogen phosphate, and hydrogen phosphate, preferably dialkali hydrogen
phosphate, alkali standing for lithium, sodium, potassium, rubidium and cesium.

25 These compounds permit to adjust the pH of the permanganate solution to the
previously mentioned vaiue of about 2.5 to about 7.0 and more specifically of
about 3.5 to about 5.0.

The first buffer compound is contained in the acidic permanganate solution in a

30 concentration preferably ranging from about 1 g/l to about 90 g/l.

The acidic permanganate solution for forming the layer of manganese dioxide



for exanple be treated wth an al kaline, hot solution containing
permanganate in order to renbve resin snear fromdrilled epoxy resin

regi ons i wohgloes9%r corresponding |ayers in substrates drinTéi#"?m’ﬁ s of
a laser. If the hereby 10 generated nanganese di oxi de is not i nl ﬁso be
used to subsequently form the conductiVv® polyner |layer, it nust be renoved
again fromthe dielectric surfaces (step c of the process). This treatnent

may be camidediseuorbinfbdric s€dusitigatoRhtadpustihgimespthf ThE ceatdmration of
hydr oxyl anmoni um sal t s, drogen peroxide or other reduci ng agents,

. s, hy .
pr ef er abl yhipsuBstangedndhe sitelt seltiopdiretarablyngngsstinum adouh 1t toaalditvi t h

sol utions ~Go XN r t be r riar t chi ng,
with an or2 @aéﬁ? @Q@‘?P?ﬁg@g‘gﬁ?@%@@&pﬁ%@@@@@ %b&f@iggmp%&‘@rae’ﬁo”‘gm l'ing
agent s nayirdieufteddhaodnt B E) 85€ pHGRINeSpdreiarfiaHAt@golgidhns ot her than
per manganate may be utilized as an alternative e.g., concentrated sulfuric

aci d9 sul Ppreximsieliadivstedrtod. & Jub ¢ass fweveastr% berefita ob reEsidC 20

Mot gagelnelBRha® Sdy0harg iRk aR R Gp e orBiE SR AR oF B BN e
basis of ApOKY Utigsedin edRMBInRicRhi g tieg Rt Husee cBRfiRmibibowged, organic
solvents containing al kali hydroxide for exanple for polyamde and a nolten

salt for exanple for ceramcs, a plasna etching nethod being used for
various other_25. substrate materi.als _becaus f.i1ts..universal | ility.
Rnsi ng | G RRGEH AR08 B Phdrar iy e hiul R aff Pt B8 The
desrmgar preaaffisie iaSwbRingoashtiyr RIRrINE MBI aceSRIrdidH 6f heesd|giii. consi sts

30 in cleaning exposed copper surfaces, said copper surfaces being etched
and t her elhju@rinaiad wellingegestoarepagicutirty sigdogen peroxi de solution or a
caroate solution or with an acidi c peroxodi sul fate sol ution, nore
specifically with a WO 02/095091 PCTI EP02/ 05250 23 1 8. NOV 2005 sodi um

pot assi UMThe BUifeRSTtRE elidit beahangahatd sBlulien freRve Shesifiddily This step
may be di spensed with though when in st of the process the " copper has

. . ep_c)
suf fi ci ent@djugiedio @ wive dangingdi abou 5gu@ftglﬁb©L&85dChpfﬁf©®|V fre@r oxi de
sol utd on. T t.h @L~MmM ng the conductive polyner |ayer cones next.
Pr og'tglss stagjﬁuvgﬁggftot g%EPbCQSS again consists in preparing the resin
surfaces for the subsequent treatnent wi th pernanganate by neans of a water

sol ubl e polyner in an aqueous solution that possibly contains an organic
sol vent, wdte irpgtnagpidinge pf theygrbstraterdnithe ﬁg‘!dg@ pafrBangarate £l Médnganese

di-oxi de ($55Be Fon?hnblf30 sec to about 6 min. When using the immersion technique,
the treatment time ranges from about 2 min to about 6 min and when using the
20 horizontal technique, it ranges from about 1 min to about 3 min.

After that the substrate is rinsed and contacted without any further treatment
with the acidic monomer solution or microemuision. The solution is adjusted to
a temperature near room temperature i.e., of 25°C for example. The treatment

25 time in this solution amounts to from about 30 sec to about 5 min, more
specifically from about 45 sec to about 2 min, depending on the method
chosen.

Then, the substrate is electrotytically metal—piated, more specifically copper-
30 plated.

In principle, the following sequences are conceivable:



process) is formed next, then the conductive polyner |ayer in the manner
described (step g) of the process). Finally, netal is electrolytically
deposi t ed WOPPI0W s pur pose, exposed copper surfaces are pPEKEB®R/R¥kt
e.g. with a5 percent by weight sulfuric acid solution (step h) aqfgR(vel0s
process). After that, the 15 electrical2ly conductive surfaces are’
electrolytically netal -plated, nore specifically copper-plated (step i) of
t he procesdjfordxample casiehlabdnied eieduérboardmaategianaynbietingof aeylassifibbet ween
the process steps., In this, c&rs’]%to,?ﬁ t hree- step rinsing rra%/ be perforned
bet ween t hdefifcedLrpyfesin Givf)gylthquidnternal fayqrs i conpents traateds kg and
third ri ”Sife%ﬁﬁwg%o%é@geg@éﬁc}eeﬁag%e ) water 20 and the second rinsing
q 0 n.

step with an aci di'c aqueous sol uti e method in accordance with the
invention may be used both in conventional plating tanks and in so-called
horizontal plants in which the printed circuit boards are conveyed in
horizohtal di rec®)iGNANANIRG bei ng contacted with the 25 various processing
fluids. Typical _r,.ﬁ.flg;ﬁ? of treatnent tinmes in the various processing steps
are indicated in Tabfe 6, which differentiates between i mmersion technique

and horizontal f) fandpgthatdyen ofetdrarine3d dibidenvention will be explained in
nore detail with the help of the follow ng exanples: WO 02/095091 24
Exanples | - 6: FESRP02/ 05250 1 O NOV 2005 Copper-| ani nated FR4 printed

G ambter of whi o3 PoE. b EoigERlach B i oo oler SO TS 2 Cor di ng

to th® sequence mitdoemutibn n Table 1A and imedi ately afterwards, wet in
wet, according to the processing sequence indicated in Table 1B. 10 The
el ectric resistanfd®if%o] of the produced pol yner |ayers was neasured on 5
cmx 5 cmlarge I@ﬁécla[rf ted circuit board sections with a one-sided copper
coating. The pol r g)er was deposited on the side that had not been

coated wth conperectﬂityeicenys'mgta{t:upletim@s determ ned parallel to the pol yner
surface between two neasuring points 1 cmapart. 15 The conpositions of the

solutions are in part indicated in the Tables 1A and
15 Process step ) consists in preparing the resin surfaces with the water soluble

polymer in an aqueous solution that possibly contains an organic solvent and
wetting agents and/or alkalizing agents for subsequent permanganate
treatment. The layer of manganese dioxide (step f) and the conductive polymer
layer (step g) are formed next as described. After that the printed circuit boards

20 may still be treated with an acidic cleaner like for example an aqueous solution
of sulfuric acid and hydrogen peroxide. Then, the exposed copper surfaces are
pickled, e.g. by means of a 5 percent by weight solution of sulfuric acid (step h).
As indicated, the substrate is preferably rinsed in deionized water between
each of the above mentioned process steps in order to remove the sticking

25 residues of solutions left over from the previously performed steps. Three-step
rinsing may be carried out between the steps f) and g), the first and third rinsing
steps being performed with water and the second step being carried out with an
acidic aqueous solution containing sulfuric acid, phosphoric acid and/or
methane suiphonic acid for example. The second, acidic, rinsing step permits to

30 remove layers of copper oxide that possibly formed on exposed copper
surfaces prior to producing the polymer layer. Finally, the electrically conductive
surfaces are electrolytically metal-plated, more specifically copper-plated



1 B. Please refer to Table 2 for the conpositions of the permanganate baths
P1 and P2 and to Table 3 for the conpositions of the nononer bat hs?) 2R0VT 1085
nononer h&jéjﬁogkﬁ)land M4 do not correspond to the sol uti onsSPOT/EP02/0525

m croenul sions used in the nmethod in accordance with the present invention.
Accordingly, the tests performed with thhese baths are conparative tests
(Exanples 3, 4 and 6). Furthernore, the pernmanganate bath P1 is al kaline and
t he per mapggpade llé?jtnlz P2 acidic. As a result thereof, the only exanple of an
25 optimally per?o d test is Exanple 5 in which the pernmanganate bath P2
was rmade use of. Look up Tabl e 4 shows the follow ng results It indicates

on the ong han res tance of the conductiv yer fornmed

paral Tl | a0k A CORPE BRI RRD Ty aier SuHE VRie RABG bl faes bt he

cover age |1 ey | p t C oard
secti ons, 9{” e [ nd&tg% P%nhé,ﬁf)f%pggg?@?}[?ﬁét ﬁ% igﬁcerggg {’{%ﬁ’t&a? c%%ﬁar{%ljgﬁs)
covebage erlvm d:aty@t eﬂibyscbrrmeofermmrmthgt elsmhéntsdFhesubstrataist preféd®b02/ 095091
PCT/ EPO2/ 0250 ﬁg E)bernal \A@&}iﬁ) hhe hol es whereas the indication "D5"
stands f of'egtrelHlicalny gepReeP R SNISTREPOSE B\ﬁuﬂf&f@@ﬁﬁ ERPRETRIZERY ai ned: 5
18 NOV r I nvention
was cont agg E&fd%hfﬂrzﬂsd §aifd ﬂaé/norg%@@ ?ijqom 9‘%@?&3 Sglie%frtrah r(‘)é med on the
FR4 boar dsulfumd bcrdnsmlakaimmmtamfrmr@aimae vl 38 additivddevHictumflokhae nied

pol ymer had a very |ow resistance. Further rmre t he coating coverage
of the |nP Vsigal RapegiestOf e aaating) SBEsp ere it XAPRIR BNEHCRETR ANAd af { or

onl hE re|eql%|| § eﬁl&:ort electroplating tinme (2 mn) and at the relatively

| ow current ty of 2 Aldnm2 was excellent. Exanple 2: This outstanding

result could al so be confirnmed with the nonomer solution having been in use
for five days al read 15 Exanple 3: If, after that, instead of the

m cr oenul EPthQ)P"QW@%ﬂ\P@ﬁPFMeX gircyits puehas snyilaygsed, pentadgifctbont ai ned
pol ystyreBSa l%%ﬁ&oﬁ%'@ﬁhﬂé&egﬁ ﬂ:rllgt alé}@ﬁﬂ:ees%%é n%qu'u(geénd the

pot assi umsal hereo eres 0 very ¢good with regard

to the conductivity of the polyner |layer and to 20 coatl ng coverage after

copger el ect ropl ating. Exanple 4: However, the .excellent results of Exanple
8l d nb) DesHRearEOCceBIai ned with the nononer enul sion havi ng been in use

for five days %l) E%ﬂ?ﬁg
- rinsing
b) etching with a permanganate solution
- rinsing
20 ¢) removing manganese dioxide by reducing
- finsing
B) Pre-trealing:
d} cleaning by etching
- rinsing
25 C) Producing the conductive polymer {method in accordance with the
invention):
e) conditioning
- rinsing
f} forming manganese dioxide
30 - rinsing
g) forming the conductive polymer
- rinsing



25 For the Exanples 5 and 6, the acidic permanganate solution P2 was

utilized. |In Exanple 5, an aged m croenul sion containing nethane sul fonic
acid in A¥@B¥¥abkie with the present invention was used. Un8E€ET/EPPYERS0
conditions, the resistance of the polymer layer could still be N&NNa8by

one order of magni t ude. The copper coatgfg coverage of the internal walls
of the holes was 30 al ready outstanding ter an electroplating time of 1

mn. In perform%t@e sanme test with the aged nononmer solution M4 (Exanple
6) WD 02/ 095091 FEIP 105250 26 1 8 NOV 2005 that contained pol ystyrene

sul fonic acid i r‘iZbFé&ﬁrdNtdﬁﬁ&'ﬁ?é\ﬁl -Bldtihgni ¢ acid, the polyner |ayer obtained
r

only had a noderate electric conductiVvity. In thIS case; the resistance of
the polyner |ayer was not observed to drop by using the acidic permanganate

| ut t f kal t t b
oncl uded { RATBPHERBTIEPIER S EHUPRECO 0L et Fmovss Re BIEEs Bknganat e
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the mononer used. In all "cases, the concentration of this substance, the pH
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sul fonic acid, ethane sulfonic acid and et hane disul fonic acid both ™when
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had been agedrrent swelling agents may be used for this purpose. Agents for etching resin
other than permanganate may be utilized as an alternative e.g., concentrated
sulfuric acid, sulfur trioxide or chromic acid as well as a plasma process
20 preferably utilizing an oxidizing plasma gas or a plasma gas containing inert
gases such as CF, and/or Ar. If the dielectric is not formed on the basis of
epoxy resin, other etching agents are preferably used, organic solvents
containing alkali hydroxide for example for polyamide and a molten sait for
example for ceramics, a plasma etching method being used for various other
25 substrate materials because of its universal applicability.

Rinsing is preferably carried out between the process steps mentioned.

The desmear process is followed by pre-treatment. Said pre-treatment consists
30 in cleaning exposed copper surfaces, said copper surfaces being etched and
thereby cleaned by means of an acidic hydrogen peroxide solution or a caroate

solution or with an acidic peroxodisuifate solution, more specifically with a
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containing various surfactants were tested in an effort to optim ze the
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et hyl ene oxi de-(EO) -nononeric units were produced and anal yzed. The
concéntration of the respective ethoxylate conmpounds in the mcroemnul sions

and the t erat ur nges i.n whi¢ch the mcroemulsions we clear are
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For this purpose, exposed copper surfaces are pickled first, e.g. with a
5 percent by weight sulfuric acid solution (step h) of the process). After that, the

15 electrically conductive surfaces are electrolytically metal-plated, more

specifically copper-plated (step i) of the process). As indicated above, water
rinsing may be carried out between the process steps. In this case too, three-
step rinsing may be performed between the process step f) and g), the
respective one of the first and third rinsing steps being carried out with water

20 and the second rinsing step with an acidic aqueous solution.

The method in accordance with the invention may be used both in conventional
plating tanks and in so-called horizontal plants in which the printed circuit
boards are conveyed in horizontal direction while being contacted with the

25 various processing fluids.

Typical ranges of treatment times in the various processing steps are indicated
in Table 6, which differentiates between immersion technique and horizontal
transportation methed.

30
The invention will be explained in more detail with the help of the following

examples:



gtiavNoO E 0 CDW

10

15

20

25

30

WO 02/095091 PCT/EP02/05250

18 NOV 2005
24

Examples 1 - 6;

Copper-laminated FR4 printed circuit board material, of 1.6 mm thick, with
holes drilled therein the diameter of which yanges from 0.5 mm to 0.3 mm was
first treated according to the sequence indicated in Table 1A and immediately
afterwards, wet in wet, according to the processing sequence indicated in
Table 1B.

The electric resistance [kQ)] of the produced polymer layers was measured on
5 cm x 5 cm large FR4 printed circuit board sections with a one-sided copper
coating. The polymer layer was deposited on the side that had not been coated
with copper. The resistance was determined parallel to the polymer surface
between two measuring points 1 cm apart.

The compositions of the solutions are in part indicated in the Tables 1A and
1B. Please refer to Table 2 for the compositions of the permanganate baths P1

and P2 and to Table 3 for the compositions of the monomer baths.

The monomer baths M3 and M4 do not correspond to the solutions or
microemulsions used in the method in accordance with the present invention.
Accordingly, the tests performed with these baths are comparative tests
(Examples 3, 4 and 6). Furthermore, the permanganate bath P1 is alkaline and
the permanganate bath P2 acidic. As a result thereof, the only example of an
optimally performed test is Example 5 in which the permanganate bath P2 was

made use of,

Look-up Table 4 shows the foliowing resuits: It indicates on the one hand the

resistance of the conductive polymer fayer formed parallel to the surface of the
layer. it furthermore indicates the coverage of the internal walls of the holes in
the printed circuit board sections, the indication ,D10" referring to an excellent

(continuous) coverage of a layer of copper electrolytically deposited on the
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internal walls of the holes whereas the indication ,D5" stands for a but

moderate coverage.
The following results were obtained:

Example 1: a freshly prepared microemulsion of the invention was contacted
with a layer of manganese dioxide that had been formed on the FR4 boards
with an alkaline permanganate solution. The thus obtained polymer layer had a
very low resistance. Furthermore, the coating coverage of the internal walls of
the holes with metal that was achieved after only a relatively short electroplating

time (2 min) and at the relatively low current density of 2 A/dm? was excellent.

Exampie 2: This outstanding result couid also be confirmed with the monomer
solution having been in use for five days already.

Example 3: If, after that, instead of the microemulsion of the invention, a
microemulsion was used that contained polystyrene sulfonic acid instead of
methane sulfonic acid and the potassium salt thereof, the result obtained was
also very good with regard to the conductivity of the polymer layer and to
coating coverage after copper electroplating.

Exampie 4: However, the excellent results of Example 3 could no longer be
obtained with the monomer emuision having been in use for five days aiready.

For the Examples 5 and 6, the acidic permanganate solution P2 was utilized.
In Example 5, an aged microemulsion containing methane sulfonic acid in
accordance with the present invention was used. Under these conditions, the
resistance of the polymer layer couid still be lowered by one order of
magnitude. The copper coating coverage of the internal wails of the holes was
already outstanding after an electroplating time of 1 min.

In performing the same test with the aged monomer solution M4 (Example 6)
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that contained polystyrene sulfonic acid instead of methane sulfonic acid, the
polymer layer obtained only had a moderate electric conductivity. In this case,
the resistance of the polymer layer was not observed to drop by using the acidic
permanganate solution instead of an alkaline permanganate solution. [t may be

5 concluded therefrom that the advantagecus effect of the acidic permanganate
solution is only obtained when used concurrently the monomer solutions or
microemulsions containing an alkane sulfonic acid in accordance with the
present invention. The copper coating coverage of the internal walls of the
holes also was unsatisfactory.

10

Examples 7 - 17:

Further tests were performed to analyze differences in the formation of polymer
layers that had been produced with various monomers. In this case, the

15 resistance of polymer layers having been produced with freshly prepared
monomer microemulsions on the one hand and of polymer layers having been
produced with monomer microemulsions aged for five days on the other hand
was determined under the conditions indicated for the Examples 1 - 6.

20 The compositions of the individual microemulsions only differed in the nature of
the monomer used. In all cases, the concentration of this substance, the pH as
well as the surfactant added to the emulsion and the concentration thereof were

identical and corresponded to the conditions according to the Examples.1 - 6.
25 The results are summarized in Table 5.

Accordingly that, resistance values of 100 kQ2 or less could only be obtained
with methane sulfonic acid, ethane suffonic acid and ethane disulfonic acid both
when the monomer bath had just been prepared and when the bath had

36 aiready been in use for five days. All of the other monomers yielded polymer
layers with pocrer electric conductivity, at least when the corresponding baths

had been aged.
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Examples 18 - 23:

Compositions containing various surfactants were tested in an effort to optimize
the temperature stability of a microemulsion containing 3,4-ethylene
dioxythiophene. These tests relate to microemulsions which did not contain
alkane sulfonic acids and which, for the rest, constitute concentrates of the
solutions and microemulsions containing alkane sulfonic acids. Such
concentrates are used to prepare the solutions and microemulsions and are
diluted for this purpose with water, alkane sulfonic acid and possibly further

components being added.

Each microemulsion contained 8 percent by weight of the thiophene derivative
in a purely aqueous emulsion. Various tristyrene phenolethoxylates were added
to the emuisions. Microemulsions with an ethoxylate chain of ethoxylate
compounds with 16, 20, 25 and 40 ethylene oxide-(EQ)-monomeric units were
produced and analyzed. The concentration of the respective ethoxylate
compounds in the microemulsions and the temperature ranges in which the

microemulsions were clear are indicated in Table 7.

Table 7 shows that the temperature range in which a microemulsion is clear is
the higher, the longer the EQO chain. Tabie 7 also shows that particularly wide
ranges of temperature may be obtained when a mixture of surfactants with
differential lengths of the EO chains is used.

[t is understood that the examples and embodiments described herein are for
illustrative purpose only and that various modifications and changes in light
thereof and combinations of features described will be suggested o persons
skilled in the art and are to be included within the spirit and purview of the
described invention and within the scope of the appended claims. All
publications, patents and patent applications cited herein are hereby

incorporated by reference.
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MLO. 125 m || 3, 4-et hyl ene di oxyt hi ophene in a mcronulsion 0.3 noll)
pot assi um net hane sul fonate Addition of nethane sulfonic acid up to pH 2.0
3.5 g/l of an ethoxylate surfactant MO0.125 m || 3, 4-ethyl ene di oxyt hi ophene

in a mcrpgbssoon 0.3 nol /|

sulfonic acid up to pH 2.0 3.5 g/l

pot assi um net hane sul f onat e Addirtdroroxate met hane

of 2an et hoxyl ate surfactant aged 5 days

and corrected M
Addi ti on of polly
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tg pH 2.0 3.5 g/1 of an ethoxylate
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Table 1B: (Producing the conductive polymer (method in accordance with the invention))

Process step

e} Conditioner Mix Compact CP *} (aqueous solution of a water scluble polymer)

f) Permanganate solution (see Table 2)

- Rinsing 1 {with water), rinsing 2 (with phosphoric acid solution pH 2.0), rinsing 3 (wilh

g) Monomer bath {see Table 3)

h} Pickling bath (10 percent by weight H,S0,)

i) Electrolytic copper-plating bath Cupracid BL-CT *) (sulfuric acid copper bath with

sulfurous brightener (current density: 2 A/dm?)

—
0 i
2 =
£ £
=
™ <
S5
o 2
= — =
— [ 72
£ g £
= © o
1 ; ]
fo]

10

| uor omet hane sui fonic
ol ystyrene sul fonic acid-co- >
0250 31 () U

Product of Atotech Deutschland GmbM

*)

15
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Table 3: (monomer baths)

Name of the bath

Bath composition

M1

0.128 mi/l 3,4-ethylene dioxythiophene in a microemuision
0.3 mal/l potassium methane suifonate

Addition of methane sulfonic acid up to pH 2.0

3.5 gll of an ethoxylate surfactant

M2

0.125 mifi 3,4-ethylene dioxythiophene in a microemuision
0.3 molfl potassium methane sulfonate

Addition of methane sulfonic acid up to pH 2.0

3.5 g/l of an ethoxylate surfactant

aged 5 days and corrected

0.125 ml/l 3,4-ethylene dioxythiophene in a microemuision
Addition of polystyrene sulfonic acid up to pH 2.0
3.5 g/l of an ethoxylate surfactant

M4

0.125 ml/i 3,4-ethylene dioxythiophene in a microemulsian
Addition of polystyrene sulfonic acid up to pH 2.0

3.5 g/l of an ethoxylate surfact-ant

aged 5 days and corrected

Table 5: (Test resuits)

Example Sulfonic acid Resistance with freshly Resistance after
prepared bath (kQ] ageing kQ}

10 7 methane sulfonic acid 15 25

8 ethane sulfonic acid 30 100

9 ethane disuifonic acid 15 100

10 decane sulfonic acid > 500 > 20,000

11 naphthalene-1-sulfonic acid 20 120
15 12 naphthalene-2-sulfonic acid 25 180

13 p-toluene suifonic acid 25 150

14 pyridine-3-sulfonic acid > 500 > 20,000
- 15 trifluoromethane suifonic acid 80 200

18 polystyrene sulfonic acid 10 130
20 17 polystyrene sulfonic acid-co- > 500 > 20,000

maleic acid
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A) Desnear process a) Swelling0 - 10 mnO - 4 min b) Etching in pernmanganate
solution4d - 20 mn2 - 8 mn c) Renoving manganese dioxidel - 6 mn30 sec - 2
mn B) Prerdi2dbeong d) C eaning by etching3 - 6 mn30 sec -PQI/BPIR/ISES50
Produci ng the conductive polyner layer e) Conditioning2 - 6 ”ﬁﬂﬂ@\l e - 2
mn fl Form ng nmanganese dioxide2 - 6 m - 3 mn g) Formng the conductive
polynmer2 - 6 minl - 3 min 15 WD 02/095091"U o U 03to OfoOC4 UU OL

Tr13 Nlab__le._.@_i(Treatmenttimes)

Immersion technigue Horizontal technique
A} Desmear process
5 a) Swelling 0 - 10 min 0 -4 min

b) Etching in permanganate solution 4 - 20 min 2 - 8 min

¢} Removing manganese dioxide 1-6min 30 sec- 2 min
B) Pre-treating

d} Cleaning by etching 3 -6 min 30 sec - 2 min

10 C) Producing the conductive polymer

layer

e} Conditioning 2 - 6 min 15 sec - 2 min

f) Forming manganese dioxide 2 -6 min 1-3min

g) Forming the conductive polymer 2 -6 min 1-3 min

18
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.NOV 2005 Clains: 1. Method for the direct electrolytic netallization of

el ectrically non-conducting substrate surfaces, conprising sequently: a.
bringing the substrate surfaces into contact with a water-sol uble polyner;

5 b. treating the substrate surfaces 'zh a permanganat e solutionhagw
treating the substrate surfaces with aci di ¢ aqueous sol ution o? VAl
m cr oenulPEN®h of aqueous base containing at | east one thi ophene conmpound and
at | east one al kane sulfonic acid selected fromthe group conprising nethane
sul fonic acid, ethane sulfonic acid and ethane disulfonic acid; 10 d,

el ect r ol.yMetiadd foriied dirédtzlegrdlyte metatizatdreofseledtacaly. néh-cditticting Babstedtec! ai m
1, wherein the permanganate solution is acidic. 3. The nethod of any of

claims 1 apfacss, WBRIpAsvgtdERuUBAfyTBNganat e sol ution adjusted to a pH ranging
from2.5 to 7. 4. The méthod of any of claims 2 and 3, wherein the

permanganate solution is adjusted to 15 a pHranging from3.5 to 5. 5. The
met hod of ardy bingingthessubsirateusurfaces inteecordactwitina aalerssRlubie PolyseTHr i ses at
| east one buffer compound for adjusting the pHvalue, said buffer conpound

pRosphat o ar TRSRLE SR 8P rRIERS il oRiFIRELE B0t C1 o) 3 ana s,

wherei n the pernanganate sol ution conprises at |east one buffer conpound

for adjusting trestingthealubstratesufdpesiwith amapidicrahueeussoigiohestapdadidiom t he
group conprising boric acid and borate. WD 02/095091 35 1 8 NOV 2005

PCT/ EP02/ 05250m{crodm@lsiB s éfoud BasefcontamiAg al leasbondvfisshehd doingdurlPasd
one al kane sul fonic
at least one alkane sulfonic acid selected from the group comprising methane

sulfonic acid, ethane sulfonic acid and ethane disulfonic acid;
10 d. electrolytically metallizing the substrate surfaces.
2. The method of claim 1, wherein the permanganate solution is acidic.

3. The method of any of claims 1 and 2, wherein the permanganate solution adjusted to a

pH ranging from2.5to 7.

4. The method of any of claims 2 and 3, wherein the permanganate solution is adjusted to

15 a pH ranging from 3.5 to 5.

5. The method of any of claims 1-4, wherein the permanganate solution comprises at
least one buffer compound for adjusting the pH-value, said buffer compound being
selected from the group comprising phosphoric acid, dihydrogen phosphate and

hydrogen phosphate.

20 6. The method any of claims 1 and 5, wherein the permanganate solution comprises at
least one buffer compound for adjusting the pH-value, said buffer compound being

selected from the group comprising boric acid and borate.



acid is nethane sulfonic acid. 8 The nethod of any of clains | -
wherein, by adjusting the concentration 5 of the at |east one al kérﬁeNDV 2005

sul f oni ¢ agi pH of the solution or mcroenuision i spt&,ﬁﬂagmiza@ge 0to
3. 9. Thev%ngg {95‘% any of clains 1 - 8, wherein, by adjusting t

concentration of the at |east one alka%% sul foni ¢ acid, the pH of t he
solution or mcroenulsion 10 is in the“irange 1.5 to 2.1. 10. The nethod of
any of cl ai er ei he at |l.east onpe thio he u i S
celected  Fohe mepa SSBAasG ! 3 SnaitargunH Pt (BEeh onerA BRI

3, 4- dlheteéagqg$ﬁé&%ﬁgguﬁgh qes. 15 11. The nmethod of any of clainms 1 -
10, wherein the at |east one | ophene conpound is selected fromthe group
conpr|5|ng 3, 4- et hyl ene dioxythlophene 3- met hoxy thiophene

3- et hyl - tho t hi gphene and the _derivatives there . 20 12, The
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conpri si ngisehhbsyhage Ostgrd.act ants. 14. The nmethod of any of claims 1 - 13,
wherein said solution or mcroenulsion furthernore contains at |east one
salt of the at |east one al kane sulfonic acid. 30 15. The nethod of any of
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of the at least one alkane sulfonic acid, the pH of the solution or microemu!sion

10 is in the range 1.5t0 2.1.

10. The method of any of claims 1 - 9, wherein the at least one thiophene
compound is selected from the group comprising 3-heterosubstituted
thiophenes and 3,4-diheterosubstituted thiophenes.
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11. The method of any of claims 1 - 10, wherein the at least one thiophene
compound is selected from the group comprising 3,4-ethylene dioxythiophene,
3-methoxy thiophene, 3-methyl-4-methoxy thiophene and the derivatives
thereof.
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12. The method of any of claims 1 - 11, wherein said solution or microemuision

furthermore contains at least one surfactant.

13. The method of claim 12, wherein the at least one surfactant is selected
25 from the group comprising ethoxylate surfactants.

14. The method of any of claims 1 - 13, wherein said solution or microemulsion

furthermore contains at ieast one salt of the at least one alkane suifcnic acid.

30 15. The method of any cf claims 1 - 14, wherein the substrate surfaces are

electrolytically copper-plated in method step d.



