PROCESS TO PRETREAT .COPPER SURFACES DESCRIPTION  The invention concerns
«@ process to pretreat copper surfaces so that a tight bond can be
‘'subsequent |y fornmed between the pretreated copper surfaces and plastic
substrates. The solution preferably serves to pretreat the inner |ayers of
printed circuit boards with copper coatings to subsequently allow a tight
bond between the inner layers of the printed circuit board and inner |ayers
of the board rmade of resin, and to pretreat printed circuit boards with
copper |layers to create a tlght bond between the copper |ayers and plastic
resists. In manufacturing printed circuit boards, various steps are
carried out in which copper surfaces nust be tightly bonded to an organic
substrate. In sone cases, the required adhesion of the forned bonds nust be
ensured over a long period. In other cases, a tight bond only has to exi st

for a short period, e-gPR@@ES%%P%’EAﬁQbW@RSMA\CEWHi ns on the
copper surfaces during manufacture o € printed circul oard. For
exanple, the tight bond of dry filmresists (for structuring conductor

lines on pri n?ggcﬁ,ﬁemﬁ boards) to the copper surfaces only has to exi st

whi | e manuf ac printd circuit board. After the conductor |ine
structures are forned, the resists can be renoved. The easiest way to

bef or e for ?nenzﬁé“ﬁi%ﬁﬁ%'t&riﬁ%ﬁso&*ea”"a*t‘i“%ﬁreﬁﬁa&*b%?aﬁﬂz BA SBRE ur o
aci d sol uti onsormd cdry be sgbsequentiy fafmet betwstn e Pedtdd sopderistrfaces @it her

procedure is descri 645, 772. A pretreatnent solution is used
for the coppeg' astiy ?M@tﬁ'&geéc t‘°E(Pﬁ?f§ﬁw ryes IQRretreatthe inner layers of

printed circuit boards with copper coatings to subsequently allow a tight bond
between the inner layers of the printed circuit board and inner layers of the
board made of resin, and to pretreat printed circuit boards with copper layers to
craate a tight bond between the copper layers and plastic resists.

in manufacturing printed circuit boards, various steps are carried out in which
copper surfaces must be tighﬁy bonded to an organic substrate. In some cases,
the required adhesion of the formed bonds must be ensured over a long period.
in other cases, a tight bond only has to exist for a short period, e.g. when the
arganic substrate only remains omrthe copper surfaces during manufacture of
the printed circuit board . For example, the tight bond of dry film resists (for
structuring conductor lines on printed circuit boards) to the capper surfaces only
hes to exist while manufacturing the printed circuit board. After the conductor
line structures are formed, the resists can be removed.

The easiest way to increase the adhesion is to etch and hence roughen the
copper surfaces before forming the bond. Microetching solutions are used such
as sulfuric acid sclutions of hydrogen peroxide or sodium peroxodisulfate.

Another procedure is described in US A 3,645,772. A pretreatment solution is
used for the copper surfaces that e.g. contains S-aminotetrazole.
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2 -Long-termstability is necessary especially when lamnating nultilayer
.printed circuit -boards. O her treatnents for the copper surfaces are
‘required in this case. When manufacturing nultilayer boards, several

inner layers are lamnated with insulating resin |layers (so-called
prepregs: epoxide resin filnms reinforced with fiberglass nets). The inner
bonds of the |aninate nust be retained throughout the entire life of the
printed circuit board. The copper |ayersé(preferably the conductor |ine
structures) on the inner_layers nust be surface-treated. Varlous giocedures

have been de@ngpetm strbilily iscnqogsaany especally wh em'é"mamacmm IWayR AANBY used to
pretreat the cfﬁ%ﬁﬁ'bb&ttﬁ w&rtfealtrﬁgﬁ@%r‘tﬂgcb?%ér%zr 3cs or gfdom r an the

copper surfaces rocess kKnown e process,
very aggressicasereaction condltlons are used to forntthe oxi de. A

di sadvantage of this procedure is that the oxide |ayer used for enhancing
adhesion to the resin layer is not very resistant to acid and especially to

hydrochl ori ¢ \Wheahiaifactofing mmtayeifbearrdarﬁevbmwmamm lamirratdd wibent
processes to plate the through holes in the boards, d thefq?ﬁéslve bond

i s elininat ednwlﬁww@smﬁamts.(éﬁcatettwéoa%amef’%ﬁsa‘s ImSireR
external | y- V'ﬁﬁé@@ssﬁ%@ krmnh&%]é?tdgl SC hﬁﬁndt@Wstaetashbu m&gnm a hol e

in printed circu oar svmt .oration of the originally black
oxi de | ayer. theentralifecsheprintedcireuit board.HEhe canger layees: (preferablydhai zabl e as
an annul ar de of a
treated hol e)é‘ﬁ%ﬁﬁﬁﬁfﬁgmf“j '?’f‘%g‘g' Ha?n&?ﬂaé&f%? %@%ﬁﬁ:ﬁﬁbgﬁ;\een a
copper inner pragedurasdhavedeeridgidiopedity spivethistbrobleauit board resin fromthe
attack of acid treatnent solutions on the black oxide |ayer). The
above-cited problemis solved by reducing the oxide | ayer surface before

| ami nation. TiRe pestedare rlitbrméﬂ Q&bﬂl@a @mmemabhastbbme taminatiorisask oxi de
agai nst chem Is used E the rougMpl es. The addlt onal
reduction ste "@o%!'t%"'ﬁeiﬁyg P"éf@a SRy NOWN RS Elﬂr%‘%’t'l‘s used
for reducti Onoﬁﬁlﬁcwehdé%dsgsté? %agrdsgwe*éﬁbh@an&m elusedQotdtai the Ife
time of the baths and storage t he .suppl enentary chem cals are

linited. An atheoxide. tlbdvgadvanﬁgqgcf this procedure IS that the oxida layer used for
enhancing adhesion to the rasin layer is not very rasistant to acid and
especiaily to hydrochioric treatment solutions. They are hence attacked in
subsequent processes to plate the through holes in the boards, and the
adhesive bond is eliminated with delamination at the attacked sites (pink fing:
An extemally-visible attack on the biack oxide layer directly next to a hole in
printed circuit boards with the discoloration of the anginally biack oxide layer.
The pink copper coating of the inner layer is recognizable as an annular defect;
wedge void: A defect (recognizable in a micrograph of a treated hole)in a
printed circuit board in the form of a crack between a copper inner layer and the
neighboring printed circuit board resin from the attack of acid treatment
soiutions on the black oxide layer). |

The above-cited problem is solved by reducing the oxide layer surface before
lamination. The reduced black oxide is more stable than normal black oxide
against chemicals used in plating the through-holes. The additional reduction
stop costs a great deal, however. in addition, the chemicals used for reduction
are not very resistant to oxidation from air, so that the life ime of the baths and
storage life of the supplementary chemicals are limited. An attempt to eliminate



3 this problemis nmade in JP A 08097559 by providing the reduced copper
oxide layers wit'h a protective |ayer by treating themw th an aqueous

sol ution containing an am not hi azel e and/ or am nobenzot hi azol e conpound.
However, the problens of expensive reduction chemcals, |ow resistance to
oxidation and the layer's sensitivity to acid are not conpletely

el-i m nat ed. Anot her option for pronoti adhesion is to treat the copper
surfaces with an aqueous or alcoholic solution of an azol e conpound. Such a

P oo e w1 BisthroBleR? Rhade ISR dHRGHROEEy Bloidiie eRBGEad UiTRF Bficd ©

treated with a solution t cont al ns percent "hydrogen
per oxi de, an lapensowitti 8 petectiviedayer bytréating cherm iwikh, araaquacyasoltitionr r osi on

inhibitor (e. L.zol e). nd wetting agent.. The r.ogen roxi de
et ches the co‘g%%@@ra#’{é@'@?‘ﬁﬁa683’%?8?%“[1’%{16%%?6?‘?5@&@‘9’“lﬁgﬂeg,fgn, 758
di scl oses et cthermoblemstdf@xpendivd redticti€n tRerticals, A RsIstancadeloridation ahe
materials of the printed_circuit board. Hydrogen peroxide, sulfuric acid

and a nitroge ed%Yﬁ'!’%ﬁﬂ"ﬁ@“’EbFﬁ)%‘Bﬁ&"% petrasrietely eimw@e8enzoi ¢ aci d, amino
tetrazol e or phenyl urea) are also in these sol utions. The present
invention is therefore based on the problem of avoiding the di sadvant ages
of the state 8nothgeoplian fonarametingrdhesiands tetieatdhe copprausfacemwittan create

bond bet ' f ' | ent

Bdhest on.  TheaaidfisdiEinaii soRf6T of 8 Byl Shingolid'SERTh PokRaTIF IS |

addi tion, t Eepneseaﬁade’nW@Q&b‘;}SGﬁ?sAﬁﬁ?id cappér wr&ozlsziaratreatedtwil}ﬁal e%leti%n ]

| ortant tha regt ne {, sol utl ons roduce a teri.a on t hat

ot “pr obi ot FEREHS th1 b Meigl efest ayiosh aeionde. BrduBnat achie s

processes for sutfurieizuid)ah Begaric Sdriskicn infibitbr (%@?'Héﬁzotﬁ_z&a), aaheax{veiﬁﬂghr?ugh
n ererore

hol es in board %ﬁ%glﬁ e used pretreatne sol utions shal
be suitable f8¢e TeRR Refxida eighes ineuropPaLSIHTRES 1O pPIodUsapr obl em i s
sol ved by t hemragRigh duprdeas.i n claim 1. '

US A 4,917,758 discloses etching solutions that serve to etch copper cladding
an the materials of the'priﬁ_ted circuit board. Hydrogen peroxide, sulfuric acid
and a nitrogen-containing comgound (pfeferably amino benZoic acid, aming
tetrazole or phenyl urea) are alsa in these solutions.

The present invention is therefore basedé_on the problem of avoiding the
disadvantages of the state of the art and ﬁﬁding a pretreatment process that
can create a bond between the copper surfaces and plastic surfaces with
excallent adhesion. The process shall be simple. 8asy to use, and inexpensive.
In addition, the treatment solutions shall not precipitate. it is also impertant that
treatment with the solutions produces a material bond that is not problematic
(no pink ring and wedge vaids) in the subsequent processes for manufacturing
printed circuit boards, e.g. plating through holes in board materials. The used
pretreatment sclutions shall thersfors be suitable for manufacturing printed
circuit boards.

This problem is soived by the process found in claim 1.

The process according to the invantion is for pretreating copper surfaces to



The process accordlng to the |nvent|on is for pretreating copper surfaces
to 4 allow a tight band
“to be forned W|th pl astic substrates The substrates with the copper
surfaces, e.g. copper filns or resin |am nates coated with copper filns,
are brought into contact wwth a first solution that contains the foll ow ng
conponent s: a. Hydr ogen per oxi de. b. At | east one acid,
and C. At | east one nitrogen-co#taining, five-nenber heterocyclic
conmpound that does not contain sulfur, seleniumor tellurium

atons in theahmartlgt\ybbad 10 bd farmediveithsplasticrsubstsatgist The substratasawithsihef aces

are brought t with a cond sQ ne
adhesi on- pr oﬁB “?Eﬁ%%u%& eforpg HE %{rrgﬂb'f%ﬁgpgs{@ %&@'tﬁé‘?é nlﬁfénée)\m d,
sel eni c aci dard bidugm intacomtact vt & fist xolution thatponiaits thefallowngt ai n at | east

one sul fur, seleniumand/or telluriumatomin the heterocycle, as well as
sul foni um s&PEWGABMS and tel luronium salts. The sul foni um sel enoni um and

telluronium sal tsaare pgaRReRPardbiddieneral fornula
A A X
b. At least one agid, and where A S, Se or Te,

A
Rierr], Rerr] ang R[eﬁ\ﬂxe'agtgﬁ H—Qﬁ gﬁgﬁv " perHetét wd,cphenyl

substit ut ed enzyls cyc u stltute cycl oal kyl,
where Rlerr], Rerr] andmnpulnd ]hat does not contain seffursslenjumaritelisiriom . and  X-

= Ani on of an inorgani G smrtﬂgrpie?erggycpe or hydroxi de.

Then the substrates with the copper suﬁacas are brought into contact with a

second solution that has at least one édhésion—promoting compound from the

group consisting of sulfinic acid, selenic acid, telluric acid, heterocyclic

compounds that contain at lsast one sulfur, selenium andor tellurium atom in

the heterocycle, as well as sulfonium, sélenonium and telluronium salts. The

sulfonium, selenonium and telluronium salts are compounds of general farmula
A:

‘ + X-

/N A

Ry R,

R
o
A

where A =S, Se or Te,
R,, R; and R, = alkyl, substituted alky!, alkenyt, phenyl substituted
phenyi, benzyl, cycloaikyl, substituted cycloalkyl, where R,, R, and R,
are the same or different, and

X- = Anion af an inarganic ar organic acid or hydroxide.

Adhesion-promoting compounds are lo be selacted that are sufficiently soluble
in the acidic, preferably sulfuric acid solution.

The problem on which the invention is based is solved by the optional uses in



Adhesi on-pronoti ng conpounds are to be selected that are sufficiently
soluble in the-acidic, preferably:sulfuric acid solution. The probl em
*on which the invention is based is solved by the optional uses in

clainms 18 and 19. The process according to the invention is useful
preferably in pretreating copper-|layer-coated inner |layers of printed
circuit boards to allow a tight bond to %e formed between the inner |ayers
of the printed circuit boards and plasticC resin layers, and to pretreat

printed cir c%ivﬁ%r ol Y@-tfhaeﬁﬁg%n%&éfﬁﬁ ik ?@}se.”g?é ggum%@ygfffﬁgg, e

formed between e copper
enmbodi ment s %atrbaldgwer-mye&mtbdmulayemam airquit. boardy tef alloweal

Shem oal for riant Bahd o 88 fead Wankber the thie 8yutS PierEd R AR " "

with Rierr], dcpiadtic R8m IByérs! and o preteagintadtilul boatdesiith esbpr kayers
phenyl, substituted . phenyl or R7f[err]CO- with R = hydrogen

al kyl , subst i $uthatia dight pond,eambe tormed between 1h8coppedayHRARGIPIastEr e Rl err],
Rlerr] and R[r%%fsl are the sane or different, and aromatic sulfinic acids.
It is preferab e%or the second solution to contain formam dine sulfinic
acid as the adhesion-pronoting conpound..- Preferable aromatic sulfinic

aci ds are be Ml t. ) I ' . chl or obenzene
sutfinic aci dgfe‘?él-g?:f ?%‘%éﬁ%ﬁ‘ég gﬁ?‘?i‘ﬁeﬁgﬁ ?Eésj"’g‘hg "ﬁ‘é’?ﬁ%@;ﬁé’ﬁgene suffinic
aci ds. ‘

Preferred suifinic acids in the second solution are adhesion-promoting

compaounds with chemical formula B:

\ SO.H
' &&W 02 . B
Re
with R,. R and R, = hydrogen, aikyl, substituted aiky}, phenyl, substituted
phenyl or R,{CO)- with R, = hydrogen, alkyl, sutstituted alkyl, pheny,
substituted phenyl, where R,, R, and R, are the same or different,
and aromatic sulfinic acids.

it is preferable for the second solution to contain formamidine sulfinic acid as
the adhesion-promating compound. Preferable aromatic sulfinic acids are
benzene sulfinic acid, toluene suffinic acids, chiocrobenzene suffinic acids,

nitrobenzene sulfinic acids and carboxybenzene suifinic acids.

Preferable adhesion-promoting heterocyclic compounds are thiophene,
thiazole, isothiazole, thiadiazole and thiatriazole.

Suitable thiophenes are compounds of chemical formuls C:

R@‘Rn



Pref erabl e adhesi on-pronoting heterocyciic conpounds are thlophene,

t hi azol e, isothtazole, thiadiazole-and thiatriazols. Sui t abl e t hi ophenes
“are conpounds of chemical fornula C R

Rl err] Rl err]

6 with Rerr], Rerr], Rerr] Rerr], = hydrogen, alkyl, substituted

al kyl , phenyl, substituted phenyl .z hal ogen,- am no, al kyl ar ni no,

di al kyI am na, hydroxy, al koxy, carboxy, carboxyal kyl ,

al koxycar ban n I r W rl i = dr ogen,
al kyl . y subst?/‘!tvut ed a %bﬁeﬁdfg@?‘ @?ﬁsﬁ'mééd& B!ﬁglhﬂ\?nﬁ[ QuEJnt%Ji;)r’e )
Rlerr], Rerr], R[pi‘lm‘]y] raingeR, peving, alyamihe dalkgaminodhydrexerakoxgnd can be a

PR O art out el R R BUSH SBhreteOE R R W e

acids, their est erR,,%dydthdeSalkyFC!umeafé@l dy1 Sty et subsitorieh@ngar boxyl i c
acid nethyl ester can be %’vant ageousl y use Suitable thiazoles are

conpounds of cheni WBP& Re Mol Bwrgnd R,, aré the same or different, and canbe apartof
D the homo or heteRc§Eld ringsSddnbiensed to the thiophene ring.

Particuiarly preferred thiophenes are aminothiophene carboxylic acids, their
gsters and amides. For example, 3-amincthiophene-2-carboxylic acid methyi

ester can be advantageously used.

Suitable thiazoles are compounds of chemical formula D:

with R,5, R,,. R,s = hydrogen, alkyl, substituted alkyl, phenyl, substituted
phenyl, halogen, arﬁino. a!kylarﬁinp, diatkyfamino, hydroxy, alkoxy,
carboxy, carboxyalky!, alkoxycarbonyl, aminocarbonyi, R,;-CONH- with
Rs = hydrogen, alkyl, substituted alkyl, phenyl or substituted phenyl,
where R,,, R,, and R, are the same or different, and can be part of the
homo or heterocyclic ring condensed o the thiazole ring.

Particularly suitable thiazoles are aminothiazole and substituted aminothiazole.
Other preferred thiadiazole adhesion-promoting compounds are from the group
of aminothiadiazoles and substituted aminothiadiazoles.

In addition, the preferred sulfonium salts used as adhesion-promoting
compounds in the second solution are trimethylsuifanium, friphenylsulfonium,
methionine alkylsulfonium and methionine benzylsulfonium salts.



with Rerr],, Rerr],, Rerr] = hydrogen, alkyl, substituted al kyl, phenyl,

Substituted ' phenyl, hal ogen, am no, al kyl am no, di al kyl am no,
hydr oxy, al koxy, car boxy, carboxyal kyl, al koxycar bonyl

am nocarbonyl R err],F[err]-CONH with Rl err] = hydrogen, alkyl,
substituted al kyl. phenyl or substituted phenyl, where Rerr],

R [err] and R [err] are the sane or diffﬁrent, and can be part of the
hono or heterocyclic ring condensed to tHe thiazole nng. Particularly
sui tabl e thi aétgl es_are am nothl zol e a d substituted am41othi azol e. O her
preferred t hi 2UPASYMBORRIHR MR- 1HP SREET §°'B RANSAE e S99 CRMEAHNSSr oup of

am not hi adi aagkethersk SINRTIN, mg BrefarablRAb i YeRERd $8lution tdcadsih tdn%d t he

preferred sul foniumsalts used as adhesion-pronoting conpounds in the
second sol ut i R§Afesally and inaragnis acidoand espediyy HE@Bﬁ'dnif\Lﬁﬁmm RPRANe

al kyl sutfoni ygha HSW&@H&E nggﬂﬂ(l @%Jt Bq tah fsésbxéh? gissalution of

7 O her conponents are e secC sol eyo ed conpounds.
Li ke the fi rsccpperatthen:eatdd c&pmsﬁﬁfﬁeﬂﬂe for the second solution to
contain an acid, preferably and inorganic acid, and especially sulfuric
acid. In addition, copper ions can be in the second solution that e.g. can

ari se by the xdlmmcmttom@dm‘geawﬁ:d@bna A deld teefhsCNtion contdinsse- I N
addition to h&%ﬁ&g{)g?@?rom de and an acid, the first solution contains

five- nenber oyClieRpRRRIS ANtainAg Miragen Ry aR syifvr. selesivm aF |
sel eni um or ¢ @i B\l Kerkia8 R ! ABAGEIE and DBQEY chnddihelingeycl €

condensed ring systens can be usel as the "heter c conpounds
exanpl e, the SyEDs Aa8 beused @astthe heterocyclic cqnawnnsnfem);ammhmm ene or

B it e encl y SomediiEd G il n'lEidien SERHE: heoiafoR s byhiiing Y. *"©
solution to cWI'tsai seléating thdsescompdundspinake surd tﬂamhbpars pyfficientlyesolabid
pur| nes or the ﬁ:jag@lv o?l yes'tés Efe?%ég{qfe%‘le solutxone?\.o azotélson cont ai ns

triazol es of
tetrazoles, imidazoles, pyrazoles and purines or their derivatives.

in particular, the first solution contains triézobés of chemical formuia E1 as the
heterocyclic compound:

Riz Rig
/
/ E1

N NH -

N

\N/ |

with R,, R,4= hydrogsn, alkyl, substituted alkyl, amino, phenyl, substituted
phenyl, carboxyatkyl, where R,, and R,, are the same or different, or part

of a hamo or heterocyclic ring condensed to the triazale ring.

Particularly preferable heterocyclic compounds in the first solution are
benzotriazole, methylbenzotriazole, ethylbenzotriazole and
dimethylbenzotriazole.

In addition, the first solution can contain tetrazoles with chemical formula €2 as
the adhesion-promoting compounds:



heterocycllc conpound i R err] R err]
El ' N with Rerr],. Rerr] hydrogen
“al kyl , substltuted al kyl, am no, phenyl, substituted phenyt,

car boxyal kyl , where R err]and R err] are the sane or different, or part
of a hono or heterocyclic ring condensed to the triazole ring.

Particul auly preferable heterocyclic conpounds in the first solution are
benzotri azol e, nethyl benzotriazol e, ethyl®enzotriazole and

di et hyl benzotri azol e. In addition, the first solution can contain
tetrazoles with chemcal formula E2 as the adhesi on- pronoti ng conpounds:

8 y, I{err]

N, NH —c. N with Rerr], = hydrogen,

al kyl, substituted al kyl, hal ogenal kyl, %;,;10 phenyl , €2 substituted
phenyl, benzyl, carboxy, carboxyal kyj, al ycar bonyl, am nocar bonyl
or Rlerr],-CONHwth. Rerr] = hydrog kyl, substl tuted al kyl,

phenyl or substituted phenyl. Pr eferr’%d tetrazol e conmpounds are

5-am notetruzol e and 5-phenyltetrazole. A

with R, = hydragen, alkyl, substituted alkyl, halogenalkyl, amino, phenyl,
substituted phenyl, benzyl, carboxy, carboxyalkyl, alkoxycarbonyl,
aminocarbonyl or R,-CONH with.R,, = hydrogen, alkyl, substituted alkyl,
phenyl or substituted phenyl.

Preferred tetrazole compounds are S-aminotetrazole and 5-phenyltetrazole. A
preferrad imidazole is benzimidazole. S-aminctetrazole, S-phenyitetrazole,
benzotriazole, methylbenzotriazole and: éthylbenzotriaiole are particularly
preferred compounds given their favorable solubility in the first treatment
solution and their availability. ‘

Preferred combinations are benzotriazole, methytbenzatriazole, ethylben-
zotriazole, 5-aminatetrazole and S-phenyltetrazole as the nitrogen-containing,
five-member heterocydiic 'édmpouhd; in the first solution, with amincthiophene
carboxyllc acids, their esteis and amides, aminothiazole and substituted
aminothiazoles as the hetei:ocfclic corhp'f)unds in the second solution.

In addition, the first solution generally coﬁ!aiﬁs‘ copper ions that form from
stching the copper surfaces and are enriched in the solution.

The process according tc the invention is an extremely easy way to pretreat
copper surfaces to provide a tight bond with plastics. Essentially, two steps are
necessary, i.e., trealing the copper surface with the two solutions according to
the invention to provide a bond to organic substrates. The adhesion does not
decrease even after a long time. '

if the nitrogen-containing, heterocyclic comnounds are not in the first solution or



préferred i mdazole is benzimdazole. 5-sm notetrazole. 5-phenyltstrazole,
benzotri azol e, nethyl benzotri azol e and- ehbenzotri azole are particularly
preferred conpounds given their favorable solubility in the first treatnent
solution and their availability. Preferred conbinations are

benzotri azol e, nethyl benzotri azole, ethylben- zotriazoe, 5-arinotetrazole
and 5-phenyttetrazole as the nitrogen-confaining, five-nenber heterocyclic
conmpounds in the first solution, with am othiophene carboxyflc aci ds,

their esters a mi not hi azol e.and s ituted, a azol es as
t he heterocyc %ﬁ?ﬁ@&ﬂ?’ﬂ%"ﬁﬁ&"@&&ﬁ%a@dﬁ ﬁ;\ﬁsecopﬁs%g é the first
sol ution genegtpdrigh éﬂmbéhdh& voimaa?ﬁe ueaé 1h&aamf:ﬁrﬂﬁbfsé@neewammyfohmewpper
surfaces and are, enri ched t he sol uton. The process according to the

I nvention is W%&Q‘P"&?@T%ﬂ'@%{% Wikysoiwiops é‘ﬁ‘é&tﬂ%éﬁ'ﬁém hgradkesiant o pr ovi de a
tight bond wi ﬁﬁanmt)ﬁ§tdoﬁ§pouﬁ§§§e%drahgxo tﬁé’\ﬁv r‘itft‘)?lsis 3 BstARG @S@Lé(r’thén

treating the copper “surface wt utlons according to

i nventi on to whewsdstiondarecused *bagznmtalnslm)aamashmprcmwnewbmnunds:loes not
decrease even after a long tire. | the nitrogen-containing, heterocyclic
conpounds are not in the first solution or I f the

adhesi on- pr oniv&addmmpnmplmmﬁs ihanehse in dojunsticrowith Wthglm;agh-heiestm ength

of the bond t . be close. tio tabi|ity of the
bond after bV\% 'F\?%%F'éﬂ"\/md§&leut %h’é’"\aﬂ% °€H”k 8@83 B8R Satﬁﬁey on-
promoting Conmﬂé@bﬁﬁﬁﬁp%é% bddifidral b&ﬁﬁ&&ﬁd@ﬂn'tﬁa Fradpier shiatibns énﬁé’?r t han

when sol utlons are used That contain the, adhesion-pronoti ng conpounds.
I n addition, qmstﬂnemmoﬁas layers ereatedcusipgithetnroeedire ncmr ingrig the

£ Paguggdhagg;@\ggﬁ%?hw 'S av gceglbhf;%éla hy %ég%ng}s"g?% dﬁigl ona g%%érppécyu%%p: zkt he
treat nent sol biziclkoxideilaysrs are somewhat sensitive to hydrochloric acid soiutions. It has
even been shown that the adhesion of a bond to organic substrates can be
improved in certain cases when the copper surfaces are treated with diluted
acid after being treated usiﬁg the process according to the invention and before
the bond is created. Hydrochloric acid is. nraferably used for this. in addition, the
procedure is largely free of prec:pﬂanon

The advantageous effect of the process ét:cbiding to the invention was
surprising since the desirsd lung-term adhesion is not péoducad when just the
adhesion-promoting compounds are used in one of the treatment solutions
without using the nitrogen-containing, five-member heterocyclic compounds in
the other solution. When the nitrogen-containing, five-member heterocyclic
compounds are used alang with the adhesion-promoting compounds, the
copper surfaces change color and the desired resuits are produced.

The copper surfaces shoqtd first be cleaned for the pretreatment to be most
effective. Any conventicnal cleaning soiution can te used. Normally, wetting

agents and sometimes complexer (such as triethanol amine) -containing
aqueous solutions are used.

After rinsing the cleaned copper surfaces, they can dbe brought into contact with
a so-called predippping solution that contains one of the five-member



t he adhesi on-pronoting | ayers created using the procedure according to the
I nvention have an excellent acid resistance, whereas bl ack oxi de and
Teduced bl ack oxide |ayers are somewhat sensitive to hydrochloric acid
solutions. It has even been shown that the adteslon of a bond to organic
substrates can be inproved in certain cases when the copper surfaces are
treated with diluted acid after being treated using the process according
to the invention and before the bond is &Beated. Hydrochloric acid is.
preferably used for this. In“addition, the procedure is largely free of
preci pi t at i orfeterarydicapmpaungs dcemedrient ©) assalyed pr%@é@@@ﬁ%ﬁ‘ﬁ?‘rﬂ; to the

I nvention was LS kn h | I tar Fé%?rh '

pr oduced V\henc%éﬁ{r%?idﬁgrﬁ%éﬁgré"psggrigs##gglgoﬁ%ggﬁgémﬁg usegntlﬂne?%égtggof t he
treat nent sol adhesion-pioniatiag !ayEr g be Hermed in tige sutisequantireaymeft step ienber

het erocyclic co unds in.the gther sol ution, W he,nj t - cont ai ni ng,
Tve member -hEVOROEY ary detayms S Brmaton ufe Javeh it yiieqt At E: Seals

adhesi on- pr onfirinity iEERY WA, thé BErfS@PERTtadty IHeraARion TRdTe thee veriticand t he
desired results are produced. ~ The copper surfaces should first be cl eaned

for the pretreatnment to be nost effective. Any conventional cleaning

sol ution can lpﬁeﬁlﬁfgisurﬂ&g%}é YeatdB it e Fiet RbRIIGH SoSstoMG 18R ﬁQQigdo?lxer

(such as triethanol amne) -containing aqueous solutions are used. After
rinsing the crteaamingeumrenents 8 asd ciwithputheingdnsad Jhaisubsratessatact with

10" het er ocyciTet SO 15 0eole Bk beW Itid Boiife Sibiiife SURRERIRG, |
a concentrat i the surfacels tredtedadith sevordssiution attordingdo thelingémtionThe t r eat ment
tep. | n part FORRSL SRS G alsd b Fredted ik e resrngsokfien diaa iR oBlrS: ded.
The | ayer st amtmmmmtrﬁmhﬁ witut be@nsed.f ace contacts. the sol uti on,

fromthe invention. Then the surfaces are treated with the first solution
according to the invention N

With this traatment, the copper surfaces _';:hange color from pink to brown as an
adhesion-premating layer is formed dependihg on the'k;ombinaﬁon of nitrogen-
containing, five-member heteracycle in the first solution and achesion-
promoting compounds in the second solution.

The microetching of tha hydrogen peroxide'in connection with the acid yields
microrough copper surfaces. Since this increases the surface area, the
adhesion of the bond subsequently formed between the copper surfaces and
the plastic substrate also increases. The changs in color of the surface during
treatment is caused by_'.é thin copper oxide layer. it is also suspected that
adhesion of the subsequenfly formed bond is also improved by the formation of
a copper organic compound that probably forms on the copper surface from
copper or copper oxide, the nitrogen-containing compound, and the adhesion-
promoting compound. It is preferable for the acid in the solution according to
the invention to be an inorganic acid, and espedally sulfuric acid. Other acids
can of course also be used.

It is preferable for the acid in the first solution to be an inorganic acid, especially
sulfuric acid. Of courss other acids can be used.



contai ning conponents a, b and ¢ w thout being rinsed. The substrates can
then be rinsed to renove any adheri-ng liquid fromthe substrate.
Subsequently, the surface is treated with second solution according to the
i nvention. The copper surfaces can also be treated with the second sol ution
directly after being treated with the first solution w thout be rinsed.
Wth this treatnment, the copper surfaces, ¢ghange color frompink to brown as
an adhesi on-pronoting |layer is forned debgnding on the conbi nati on of

ni trogen- co Iyl five-nmenber heterqcycle in.the first solution and
adhesi on- pr onﬁr"{%ﬁﬂ&é%&ﬂ?&é’%’?{'%@%@ G0 BPﬁ'f’?rbrﬁﬁf'er The ni croet chi ng of
the hydrogen addifonsicompoutestanbeQsediin the first futbnysueh@ mpRdrvisuifehiccopper
surfaces. Since this increases the surface area, the adhesion of the bond
subsequent |y #Sfned between the copper surfaces and the plastic substrate
al so increases. The change in color of the surface during treatnent is
caused by a thin copper oxide layer. it is also suspected that adhesion of
t he subsequenBoth salutions daorodntain sdlsents speloas diater andeddiional étber arfjariccopper

or gani ¢ conpo 0 ly _forns on e er surface from copper or
copper oxi de,g&ﬂ%‘“ﬁ?‘t‘?%B’gﬁ&go%ga{%rfp?fﬁaﬁ%ﬁ%oﬁ@gﬁlﬁﬁa\ehcé’%gﬂm Il on- pronoting
conpound. |t tempomdresdspecially tHehfitregardcdmainhing, fivd-menoer Ifateicyitlieg to the
i nvention to be an inorganic %ci,d, and e&jeci ally sulfric acid. Qher acids
can of cour secamgeuwg* te adnhegion-pronaling SHMEOYNSS. t he acid in the first

solution to be an inorganic acid, especially sulfuric acid. O course other
aci ds can be used. 11 To

stabi | i ze hydHvadditign mrd@orsgacmd ofgaNIepYBpeinsis, captbesin the solutions,

ot S MBS BB St e BRI, .
and addi tional other organic solvents |ike alcohols, e.g. to increase the
sol ubiTity of 14 05re50RbAY wititthe wo solutions is preferably carried out at 20 - 80°C. The
treatment time is preferably' 10 - 800 ssc. The higher the temperature, the
faster-acting the solution. The treatment times may hence be even much
shorter. From a practical siandpoint, an average temperature is praferably
selected such as 35 - 45°C to better control the reaction. Average treatment
times are 20 - 90 sec. In addition, a top temperatura limit may have to be set
due to possible incompatibiiiﬁes betweéh' certain lcomponents in the solution at
high temperatures, e.g., wetting agents that dissolve with difficuity at high
temperaturas. '

The preferable concentration ranges in the solutions are:

First solution:
Sulfuric acid, conc. 10-250gn
Hydrogen peroxide, 30 weight percent 1-100g4
Five-member, nl&qgéncontéiﬁng

heterocyclic compound o 0.5 -50 g/

Second solution: _
Sulfuric acid, conc. ' 10 - 250 g/l
Adhesion-promoting compounds:



components, especially the nitrogen-containing, five-nenoer heterocyclic

conpounds and the adhesi on-pronoti ng conpounds. In addi tion, other
‘i norgani ¢ and organi ¢ conpounds can be in the solutions, e.g., wetting
agents. Copper sulfate can also be in the second sol ution. The treat nment

with the two solutions is preferably carried out at 20 - 60[err]C. The
treatnent time is preferably 10 - 600 se The hi gher the tenperature, the
faster-acting the solution. The treatnent” ti mes may hence be even nuch

shorter. From a pgagtical, standpoi an -ayerage te atg kS preferably
sel ected such as égﬁi}uct@?lgmc]_a@d?q;t%{qcearm ontr ol t[ﬁgﬁé 'ei@tg?'on. Aver age
treatnment tines aaghs¥ion-pRim&RR hdtéroegélicidopipoundt o.08mpegAture limt may

have to be set dug to possible Inconmpatibilities between certain conponents
in the sol uti on aPYfeRyH™: ERIBEPAILGY es, e;g., wetting agents that dissol ve

wth difficulty at hi %/Bp@ngfcégmggﬂ The prefergii e1ggmcent ration

ranges in the solutions are: I rst solution: Sul furic acid, conc.
10 - 250 g/l Hydr ogen peroxi de, 30 weight percent 1 - 100 g/l

0,550 g1 | THEHAind S Brgblns for me el G Ebfcofief TREUAL on tre type

10 - 250 g/ of nitrogenAdinezining hetarotjdic goepapadsiarsd adhesion-promoting

12 Sulfinich selenic and/or telluric acid 0.05 - 10 g/l
adhesi on- pr off9IMAYMASt er ocycl i c conpound  0.05 - 20 g/ Sul f oni um
sel enoni um and/ or telluroniumsalt 0.01 - 10 g/|

After they are treated using the pracedure from the invention, the copper
surfaces are rinsed, preferably with warm, deionized water. Then they are
dried, e.g. with hot air.” a

Optionally, the copper surfaces can alsa be treated with diluted acid after being
rinsed, preferably with 10 weight percent hydrochloric acid or 10 weight percent
sulfuric acid. Treatment times of 5 — 300 sec. are useful. After being treated
with acid, the copper surfacas. are again rinsad, prefeébly with deionized water,

Yo Increase tha storage life of the solutions of the invention, it is a good idea to
prepare the ready-for-use treatment solutions right before carrying out the
procedure. For example, the first solution can be created by mixing hydrogen
peroxide with a sulfuric acid solution of the _nitrogeh-comainlng heterocyclic
compound, or a prapared solution can be supplemented directly before use to
reach the desired condg‘ntréﬁons of individual companents.

The workpieces with the coﬁper surfaces“can be treated in conventional dipping
machines. In treating the printed circuit boards, it has proven to be particularly
good to use so-called continuous systems. The boards are guided along a
horizontal transport path thr'ddgh the system and brought into contact with the
treatment solutions by guiding them through a liquid bed between squeezing
rollers at the beginning and end of the treatment path, and/or bringing the
boards into contact with the treatment liquid using suitable nozzles such as
spray or surge nozzles. The printed circuit boards can be held in 3 horizontal or



The optinmum concentrations for the cited bath conponents depend on the type
of nitrogen-containing heterocyclic conpounds and adhesi on-pronoting
‘conpounds. After they are treated using the procedure fromthe invention.
t he copper surfaces are rinsed, preferably with warm deionized water. Then
they are dried, e.g. with hot air. Optionally, the copper surfaces can
also be treated with diluted acid after being rinsed, preferably with 10
wei ght percent hydrochloric acid or 10 ght percent sul furic acid.
Treatnment tines.of 5 - 300 fec. ﬁre uieful. After being treated wth acid,
fhe copper suf§tHealLosition or 3t any PHEENTIeyr ef erably with deioni zed water.  To
increase the storage life of the solutions of the invention, it is a good
idea to prepare the ready-for-use treatnment solutions right before carrying
out the procefie bllowing examplessenvedo further claclydbe vestien:be created by ni Xi ng
hydr ogen peroxide with a sulfuric acid solution of the nitrogen-containing
het erocycl i c conpound, or a prepared solution can be supplenented directly
bef ore use t oExample t:he desired concentrations of individual conponents.
The wor kpi eces with the copper surfaces can be treated in conventional
di pping machines. In treating the printed circuit boards, it has proven to
be particul ar AYfirsteand se2ora aqteolsdittibnoetei chatad by ysikingthe fbllewingar ds ar e
gui ded al ong a horizontal transport path through the system and brought
into contact ®PTROBMAS:reat ment sol utions by guiding them through a Iiquid
bed between squeezing rollers at the beginning and .end of the treatnent
path and/or bringing the boards I'nto contact with the treatnent |iquid
usi ng suit abl Eiraosoletion: such as spray or surge nozzles. The printed circuit
?gards can be hel dgj@,& £é?§"§e°wﬂéi§b ent 50 mi

vertical positron or at' any er angl e: . -

Hydrogen peroxide, 30 weight percant in water 40 mi

Benzotriazole | \ ) 10g
Caopper-{ll) sulfate pentahydrate 624
Deionized water added to 11 |

Second solution: _ _
Sulfuric acid, 98 weight percent. S0 mi
2.amincthiazole . ' 8.0g¢g
Copper-(il) sulfate pentahydrate " 82 9
Deionized water added to 1 | : L

Bath solutions were heated" to 40°C. A copper filmn (printed circuit board quality,
approx. 25 mm thick) was first dipped for 60 sec. in the first solution and then
dipped without intermediate rinsing in the second solution for 80 sec. Then the
film was rinsed with warm deionized water (50°C) and dried with warm air.

The copper film was light brown after being treated.

The capper film was then laminated to a prepreg (with fiberglass-reinforced
epoxide resin film (FR4 resin), type 2125 MT, 0.1 mm thick by Dielekra,
Germany) by pressing the copper and prepreg films together at 175°C at a
pressure of 2.5x10° Pa (25 Bar).



The follow ng exanples serve to further clarify the invention: Exampl e 1:
A first and second aqueous sol ution were created by m xing the follow ng

‘conponent s: First solution: Sul furic acid. 96 wei ght percent
50 m Hydr ogen peroxi de, 30 weight percent in water 40 ad
Benzotri azol e 10 g Copper (11)
sul fate pentahydrate 62 g Dei oni z"d wat er added to 1 1 Second
sol ution: Sul furic acid, 96 wei ght" percent. 50 m

2- am not hi az - 8 p - ) fate
pent ahydr at ecﬂ"8 peel %Qert?ﬂl‘_)gf @ﬁi cf@ﬂ%ﬂ?’e?“ g’go"gﬂprﬁg ﬂﬂ &éﬁgﬁs“&%&ﬁ ﬁ%ér*s wer e
heated to 40kgendth.of AGTOPNEI0 NichiwgPtbmimmedi r cui t board quality, approx.
25 mmthick) was first dipped for 60 sec. In the first solution and then

di pped without internediate rinsing in the second solution for 60 sec. Then
the filmwas gxapfppsizvi th warm dei oni zed water (50 C) and dried with warm
air The copper filmwas |ight brown after being treated. The copper
filmwas then Iam nated to a prepreg (with fiberglass-reinforced epoxide

in fil . : i | . Ge
5 L et bl b S b 9,

pressure of Zompongffserr] Pa (25 Bar).

First solution:
Sulfuric acid, 96 weight percent 50 ml
Hydrogen peroxide, 30 weight percent in water 40 mi
Benzotriazole - T 10g
Copper-(Il) sulfate. pentahydrate “824

Deionized watser. added to 1|

Second solution:

Suifuric acid, 96 weight percent 50 mi
2-aminothiazcle = ' 8.0g
Benzotriazole - - 10g
Copper-(li) sulfats pentahydrate 12g

Deionized water added to 1.1

Both solutions were heated to 40°C. A oc::"ppé'r film (pfintéd circuit board quality,
approx. 25 mm thick) was first dipped for 60 sec. in the first solution, then
rinsed with deionized water and subsequently dipped for 80 sec. in the second
solution. The film was rinsed with warm, deionized water (50°C) and dried with
warm air.

The copper film was light brown after being treated.

Then the film was pressed together with a prepreg (same conditions as in
Example 1), and the peel strength of the bond was measured. An peel strength
of 9.8 - 10.1 N/cm was measured.



14 The peel strength- of the copper filmon the prepreg filmwas neasured.
A peel strength of 10.7 - 11.0 N cmwas determ ned. Exanpl e 2: A first
and second aqueous sol ution were created by mxing the foll ow ng

conponent s: First solution: Sul furic acid, 96 weight percent

50 ni Hydr ogen peroxi de, 30 wei ght percent in water 40 m

Benzotri azol e 10 g Copper-(11)

sul fate. pentphydrate 62 g Del oni zed H%te added to I I Second

sol uti on: AlI diszidded featAgs

2- ani not hi azcc)gg i sth Sna mbf g@%; @EJ'SC%S“ fB@Wi%‘t ?feéEQIS!ébject of
10 g pdvantion tothef extentyeatithdy et exprossly Haser ter
added to 1.1 g4 Both solutions were heated to ng[eryr bé@éé’ﬂélﬂ&ﬁﬂﬁﬁ]

(printed circuit board quality, approx. 25 mmt hick) was flrst di pped for
60 sec. in the, first solution, then rinsed wth deionized water and
subsequent |y di pped for 60 sec. in the second solution. The filmwas
rinsed with warm deionized water (50[err]C) and dried with warmair.

The copper filmwas |light brown after being treated. Then the filmwas
pressed together with a prepreg (sanme conditions as in Exanple 1), and the
peel strength of the bond was neasured. An peel strength of 9.8 - 10.1

N cm was neasur ed.



15 All disclosed features and conbi nati ons of disclosed features are the
subject of this'invention to the extent that they are not expressly
"described as being prior art.

CLAIMS 1. A process to pretreat copper surfaces so that a tight bond
can be subsequently forned between the copper surfaces and plastic
substrates by contacting the copper surfagces with a first solution

cont ai ni ng: a. Hydr ogen peroxi de, b. At | east one acid,
and C. At | east one nitrogen-containing, five-nenber heterocyclic
conpound that does not contain sulfur, seleniumor tellurium

atons in the heterocycle, characterized in that: The copper surfaces are
brought into contact with a second sol uti on cont ai ni ng: d. At

| east one adhesi on-pronoting conpound fromthe group,

consisting of sulfinic acid,. selenic @c4 telluric acid, heterocyclic
conpounds that contain at |east one séa%%h§seleniun1and/or
telluriumatomin the heterocycle, as well as suffonium

1. A process to pratreat copper surfaces so that a tight bond can be
subsequently formed betwaen the copper surfaces and plastic substrates by
contacting the copper surfaces with a first soiution containing:
a. Hydrogen peroxide,
b. At ieast one acid, and
c. At least one nitrogen-containing, five-member heteracyclic
compaund that does not contain sulfur, selenium or tellurium
atoms in the hetarocycle, characterized in that

The copper surfacas are brought into cantact with a second sclution containing:

d. At least one adhesmn—promotmg compound from the group,
consisting of suifinic acid, salemc acid, tellunc acid, heteracyclic
compounds that contain at least one suifu' salenium and/or
tellurium atom in the heterocyc!e as weir as sulfonium,
selenonium and telluronium salts, where the sulfonium,
selenonium and telluronium salts are. compounds of general

formula A:

where A = S, Se or Te,
R, R, and R, = alkyl, substituted alkyl, atkenyl, phenyl, substituted
pheny!, benzyl, cycloalky!, substituted cycioalkyl, where R,, R, and
R, are the same or different, and

A




set enonium and telluroniun salts, where the sufonium
sel enonium and telluroniumsalts are. conpounds of general

‘formula A R err]

A X Rlerr]/ \ Rerr] wher e
A =S Se or Te, Rlerr], Rerr] and R err] = alkyl,
substituted al kyl, al kenyl, phenyl, substjtuted phenyl ,

benzyl, cycl oal kyl, substituted cycl oal kVI , Where Rerr],, Rerr] and
Rlerr] are the_sane or different, and, . .

17 X- = Ani oft” Gf \HA" FLB’PMQ%"'BP’ Br3AIG 2Cidhes yAsPXi®Gdr oxi de. 2. The
process according to claim1l, characterized in that sulfinic acids are used

as the adhesion-pronoting conpounds which are fromthe ?roup‘ consi sting of
aromatic sul i ni c TB@PAECAsA@CERIGING taciain: 1, sharactasized i thal aulfinic acids are

SO[err]H A ; | Rlerr] and
Rerr] = hydpcg?g%ﬁ? “:"3. E?/'I‘e,s‘osnu gutnn?tﬁbgégﬁmpéh&cg@rw&o&%ﬁr%? ed phenyl,
Rl err]-(CO - cansistird ef arbrmatib sdifingeatidsedrid/tompolndsiof eherdical feymula@eny!  or
substituted phenyl, where Rerr], Rerr], and Rlerr], are the sanme or
different. 3. The process according to one of the preceding clains,
characterized in that formam dj ne sulSQgafic acid is selected as the
adhesi on- pronoti ng conpound. R4R5N'<I

Rg B8

with R,, R; and R, = hydrogen, alkyl, suhstituted alkyl, pheny!, substituted
phenyl, R,~(CQO)- with R, = hy‘drogen.' aiky{. substitut’éii alky!, phenyl or
substituted phenyl, where R,, R, and R, are the same or differsnt.

3. The process according to one of the preceding claims, characterized in
that formamidine sulfinic acid is selected as the adhesion-promoting compound.

4. The process accarding to one of claims 1 ard 2, characterized in that
aromatic sulfinic acids from ihe group, cansisting of benzene suffinic acid,
toluene sulfinic acids, chlorobenzene sulfinic acids, nitrobenzene sulfinic acids
and carboxybenzene suffinic acids are selected as the adhesion-promoting
compounds.

5. The process accordii)g to one of the preceding daims. characterized in
that at least one heterocyciic compound from the group consisting of
thiophenaes, thiazoles, igothiazoles, thiadiazoles and thiatriazoles are selected
as the adhesion-promoting compound. '

6. The process according to claim S, characterized in that at least one
thiophene is selected as the adhesion pramating compound from the group
consisting of compounds with chemical formula C:

T ———

————
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4. The process according to one of clains 1 and 2. characterized in that
aromatic sulfini‘c acids fromthe group, consisting of benzene suffinic
acid, toluene sulfinic acids. chlorobenzene suifinic acids, nitrobenzene
sul finic acids and carboxybenzene suffinic acids are selected as the
adhesi on- pronoti ng conpounds. 5. The process according to one of the
precedi ng clainms, characterized in that _ | east one heterocyclic conpound
fromthe group consisting of thtophenes, thiazoles, isothiazoles,

t’hi adi azol es and thiatiazoles are selected as the adhesion-pronnting
conmpound. 6. The procRgs accoramﬁg to claimb5, characterized in that at
| east one thiophene is sel ested e adhesi on pronoting conpound fromthe

group consi sting of conpoun WI\ h chem cal formul % C.
C
R e#TT™Ry{err] hydrogen, alkyl, substituted

[err]
[err] with Rerr]. R[q

al kyl . phenyl, substitut ed S phenyl ; hal ogen, am no, al kyl am no,
di al kyl am no, hydroxy, al koxy, car boxy, carboxyal kyl ,

a1yl cupst vt By B R yey b b Sobeuel g, ghenyl S Bbdehuigg DY CT 09°n

Rlerr], Rlerr],, phenyl]halegen Rintino]alkylamirohdiatiiamino, fyidfdey; alkbxya,nd can be

DOl o ocesn B SEPBRIEL b rdbetL R L ENE IR LS

at | east one thi Olﬂ]ﬁﬁfhyﬁfdy@ht BiRyl0sahElnRed aikgl, phény? or 8obsRited eRBRYIE
carboxylic acids eir_esters and their amdes are sel ected as thfe
adhesi on- pr onot i ngfhere Ra R R10 and R, are the same or different and can be part o

homo or heterocyc!tq_ rings conde_g;sed to the thiophene ring.

7. The process according to one of claims 5 and 6, characterized in that at
least one thiophene from the group cons-sbng of ammolhaophene carboxylic
acids, their esters and their amides are selected as the adhesaon-promotmg
compound.

8. The procass acwrding to one ot&laims 5-7, characterized in that at
least one thiazole is selected as the adhesion-promoting compaund consisting
of compounds with chemical formula D:

with R,;, R, R,s = hydrogen, alky!, substituted alky!, phenyl, substituted phenyi,
halogen, amino, alkylamino, dialkylamino, hydroxy, alkoxy, carboxy,
carboxyalkyl, alkoxycarbonyl, aminocarbonyl, R,,-CONH- with R,q =
hydrogen, alkyl, substituted alkyt, phenyl or substituted phenyi,
where R,,. R,, and R, are the same or different and can be partofa
homo or heterocyclic ring condensed to the thiazole ring.

TR O O A



corpound. 8. The process according to one otdains 5 - 7, characterized
in that at | east one thiazole is selected as the adhesion-pronoting
‘conmpound consi sting of conpounds with chem cal formula D:

R14 Rl err] Rl err]

S with Rerr], Rerr], Rerr], = hydrogen, alkyl, substituted al kyl,
phenyl, substituted phenyl, hal ogen, am no, ali kyl am no,

di al kyl am no, hydroxy, al koxy, carboxy, 18 car boxyal kyl ,

al koxycar bonyl, am nocarbonyl, Rerr],CONH with Rerr], =
hydr ogen, al Byl, JoBfrocassatcarding o qrecofidiaims Suhsharacterizedemihat at

be-partof - nleast On8 g fE'nor s b3 chnsiing ot PSRl A S EsEled Do ol o
ring. aminbthiazoletss BeReRASaPPRe AdhbEigniprorRoEhEormipainds 5 - 8,

characterized in that at |east one thiazole fromthe group consisting of
am not hi azol e and substituted am nothi azoles is selected as the

adhesi on- pronel | naeqiFBahcoordtfy to JEQRASRRSS. 8 HArAtiKedddn 89 4P ol ai o

5 - 9, characterized in tha ast one thiadiazole fromthe group
consi sti ng ofleagtionsithiadiazaleoram staigroupsonsigtingiofaminothindiazale ands i s

o one of thSubrRRiEraiRCRRA0BY i ARAT I e FehesiahipMoBEET " e >
suf f oni um salaompowumdt he group consisting of trimethylsul foniumsalts,

tri phenyl sul fonium salts, nethionine alkyl sulfoniumsalts and nethi oni ne
benzyl sulfoniumsalts is selected as the adhesi on-pronotng conpound.

11.  The process according to ane of the praceding claims, charactarized in

that at least one suifonium salt from the group consisting of trimethyisulfonium
saits, triphenyisulfanium salts, methionine alky! sutfonium salts and methionine
benzyl sulfonium salts is selecieﬂ as the adhasion-promoting compound.,

12.  The process according to one of the preceding ciaims, characterized in
that at least one compcund from the group consisting of triazoles, tetrazoles,
imidazoles, pyrazoles and purines is selected as the nitrogen-containing, five-
member heterocyclic compound. | )

13.  The process accarding to claim 12, characterized in that at least one
triazole with the chemical formula E1

Ry R1:é
— | E1
Noo NH
Y

with R, R,y = hydrogen, alkyi, substituted atkyl, amino, phenyl, substituted
phenyt, carboxyalkyl, where R,, and R,, are the samse or different and
can be part of @ homo or heterocyclic ring condensed to the triazole ring,

is selected as the nitrogen-containing, five-membsr heteracyciic compound.

—————
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12: The process according to one of the preceding clains, characterized in
that at | east ome conpound fromthe group consisting of triazoles,
"tetrazol es, im dazoles, pyrazoles and purines is selected as the

ni trogen-containing, five- nenber heterocyclic conpound. 13. The process
according to claim 12, characterized in that at |least one trlazole with the
chenical fornula El [err] = wth err] R err] = hydrogen, alkyl.
substituted al kyl, am no, phenyl, substi4vuted phenyl , carboxyal kyl ,

wher e err nd err], are the sane or. different and . an be part
o e homs o thor oTh bidcees AEcnrbine tadne SlcRims K2 ane 13y crarerteriged I gt ©

sel ected as ahRal dregREoRIRIN Y GiSup ChifdsRiionerazgey o i © compound.

20 14. The process accord o one of clains 12 and 13,

characteri _z'ea‘thfmfmotriazoie. sthylenzotrigaeierand dimetyioanzotiszeieduipeledadi st i ng
of benzotri azglyg nitropen-.’EBEEYr{ilt?i,%glrﬁérﬁEQJ ?Fr‘etatef%tcpéﬂc hazol e and
e IS seleCte as the

di rnet hyl benzotri azo ni'trogen-cont ai ni ng,
five-menber heterocyclic conpound. 15. The process according to one

of clains 12, 144 characterized in that at least qone tetrazole is
sel ected as the nﬂ?@’g‘g §8&HF%'.%H19&8,°"FN%?%'FB%&' 14, chamgtelze S';‘ctﬁf"catcorrpound
with the cheféastbné tatraroRre E3siected as the nitrogen-containing, five-member
err -
[ ] heterocyclic compound with the chemica) formula E2:

: /Ru; .

with R., = hydrogen, alkyl, substituted alkyl, halogenalkyl, amino, pheny!,
substituted phenyl, benzyl, carbox}. carboxyalkyl, alkoxycarbonyl,
aminocarbony! or RQ}CON.H with R,, = hydrogen, alkyl, substituted alky!,
pheny! or substituted phenyl. -

16.  The process according to one of claims 12 - 15, characterized in that at least
one tetrazole from the group-consisling of 5-aminotetrazole and 5-
phenyltetrazole is selected as the nitrogen-containing. five-member heterocyclic
compound. ' ' -

17. The process according to one of the preceding claims, characterized in that
sulfuric acid is selected to be the acid for component b in the first solution.

‘8. A use of the process according to one of'ciaims 1 - 17 to pretreat copper-
coated inner layers of printad circuit boaids to create a tight bond between the

inner layers of the printed circuit boards and plastic resin layers.

9. Ause of the process according to one of claims 1 - 17 to pretreat copper-
coated printed circuit boards ‘o create a tight bond between the copper coating

A




with Rlerr] = hydrogen, alkyl, substituted al kyl, hal ogenal kyl, ami no,
phenyl , ’ substituted phenyl,® benzyl, carboxy, carboxyal kyl,

al koxycar bonyl , am nocarbonyt or R CONH with. R = hydrogen,
akyl, substituted al kyl, phenyl or substituted phenyl. 16.
The. process according to one of clains 12 - 15, characterized in that at

| east one tetazole fromthe group consisting of 5-am notetbazole and
5- phenyl betrazole is selected as tBe nitrogen-containing five nenber
het er ocyclic conmpound. 17. The process according to one of the
precedi ng cl aPPg PlASKgrasistsr i zed in that sulfuric acid is selected to
be the acid for conponent b in the first solution. "8. A use of the
process according to one of claims 1 - 17 to pretreat copper- coat ed
inner layers of printed circuit boards to create a tight bond between the
inner layers of the printed circuit boards and plastic resin |ayers. 9.
A use of the process according to one of clains 1 - 17 to pretreat copper.
coated printed circuit boards to create a tight bond between the copper
coating 21 and plastic
resists.
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