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regions or serve as an etch resist. Depending on the purpose they serve, these layers

may remain either permanently or temporarity on the copper surface.

In any event, in order to prevent parts of the surface layer from stripping or chipping off,
it is necessary that a strong adherent bond forms between the treated copper surface
and the layer to be applied.

In the manufacturing of semiconductors, the phenomenon of epoxy bleed out could be
observed at the surface of leadframes, said phenomenon occurring for
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The composition of the etch solution depends, inter alia, on the type of layer to be
applied thereon. Metallic and organic layers for example pose different demands on the
structure and quality of the copper surface.

Metallic bright copper surfaces are not considered to be suited for being subsequently
coated with organic coatings such as photoresists or solder resist masks nor are they
suited for press-laminating multilayers. For this reason, modified etchants are used to
roughen the copper and to simultaneously form a brown-black copper (copper (ll) oxide
film. The adhering layers of the photoresists and the solder resist masks or of epoxy
resin can become anchored in said oxide film during press-laminating (U. S. Patent No.
6,036, 758; EP 0 442 197 A2; EP 0 926 265 A1). Said etchants contain mineral acids,
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increasing the removal rates, the solutions are disclosed to contain viscosity increasing
agents (polyalcohols, polyethylene glycols, etc. ), organic acids (amino acetic acid,
amido sulfuric acid, oxalic acid, citric acid, gluconic acid), inorganic acids and inhibitors
{N-methyl formamide, benzotriazole, imidazole, phenacetine, thiourea,

mercaptobenzothiazole).

Moreover, the pH of the solutions varies from slightly acid to strongly alkaline (9-14,3-
10, 5-8) thus clearly exceeding that of current etchants. The solutions mentioned also
serve to etch, slightly etch or level copper surfaces, with only low removal rates of from
0.03 to 0.1 pm being expected for polishing in accordance with the intended purpose.
Higher removal rates may for example be achieved by increasing the temperatures and
by adding abrasive substances. In this case however, the amount of added complexing
agents has to be increased in order to keep the oxidized copper in solution as oxidized
copper, because of the high pH of the solution, can only be kept in solution
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U. S. Patent No. 6,036, 758 describes an etch solution for the surface treatment of
copper that comprises hydrogen peroxide and an aromatic sulfonic acid or a salt
thereof. In addition, this etch solution includes, inter alia, an inorganic acid, with sulfuric
acid comprised in a range between 2 and 20 % (w/v) being preferred, a concentration
between 5 and 10 % (w/v) being particularly preferred.

EP 1 167 482 A2 discloses an etch (polishing) solution comprising an N- heterocyclic
compound, hydrogen peroxide and a salt of the dodecyl benzene sulfonic acid. The
solution is suited for manufacturing integrated circuits, the excess wiring material being
intended to be etched away after the metal plating step. In addition to the constituents
mentioned, abrasive substances and additives such as sulfuric acid for example, may
be added to the etch (polishing) solution. The removal rate is a function of the pH, the

temperature
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combinations of the metals mentioned. For forming fine circuit structures, the surfaces

produced must provide good bonding for subsequent metallization.

Bonding strength is determined, inter alia, by the surface structure of the etched copper,
whereby it is assumed that the achieved bonding strength will be the greater the coarser
the surface structure of the copper surface is. As a result, it is expected that bright
copper surfaces will have a reduced bonding strength.

It partially appeared that the use of the etchants mentioned herein above tends to cause
problems during metal deposition, for example during electroless deposition of copper,
tin, silver, nickel, gold, palladium and bismuth. These problems are that in some cases
the metals mentioned could not deposit at all and that in some other cases but a very
non-uniform metallization could be obtained.

However, defect bondings of the metal layers to be applied do not allow to dispense
with slightly etching the copper.

In the course of the tests performed with etchants that produce bright copper surfaces, it
has been found out that these suffer from considerable shortcomings. After etching,
dark brown stains form on the substrate being taken to the rinse tank, said stains being
dull once they have been dipped in sulfuric acid. The operating range of the etchants is
very narrow, adding tremendous expense to the analysis of the bath to be operated.

Using the known methods and processing solutions, it is therefore not possible to
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brightest possible copper surface. The solution to these problens is
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for etching copper or a copper alloy in accordance with claim 1, the use of the solution
in accordance with claim 12 and the method for depositing metal in accordance with
claim 13.

Preferred embodiments of the invention are recited in the subordinate claims.

The solution manufactured with the method in accordance with the invention serves to
etch copper or a copper alloy on substrates, preferably on electric circuit carriers, more
specifically on printed circuit boards or in the semiconductor technique, as well as to
produce
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which is expressis verbis mentioned in U. S. Patent No. 6,036, 758 for its use as an

additive to a composition useful for the surface treatment of copper. Therefore it is
considered that the solutions disclosed in this document are not free of sulfate as
required according to the present invention.

Hereto before, the circumstance that aromatic sulfonic acids contain sulfate ions has
generally been disregarded because, for etching, sulfonic acids are often used precisely
together with sulfuric acid. 1t has however been found out that bright copper layers can
only be obtained with sulfate free sulfonic acid in combination with the other constituents
of the solution manufactured with the method in accordance with the invention.
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to be used in accordance with this invention to the solution wherein the
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carbonate. Such regeneration may be performed by subjecting the solution to a barium
salt solution in a batch operation. Alternatively regeneration can also be performed
continuously by adding the barium salt in a small excess to the solution according to the

invention in order to continuously remove sulfate thereof by precipitation.

The method in accordance with the invention is simple, easy to perform and cheap. It

serves to prepare the copper or copper alloy surface to thereafter deposit metal to this
surface, especially of a copper or copper alioy layer applied to a substrate. It involves

the following method steps :



carbonate. Such regeneration may be performed by subjecting the solution to
a barium salt solution in a batch operation. Alternatively regeneration can
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geometrical area, the surface only increased by 3.6 % (measured on 10/im by 10, um

areas).

It has been found out that the values obtained for the residual roughness are well
correlated with the optical appearance of the metal surface. Table 1 opposes the values
obtained for the residual roughness and the optical appearance.



areas). It has been found out that the vaglues obtained for the residual
roughness are well correlated with the ﬁ%tical appear ance of the netal
surface. Tabdlde 1. opposes the values obtained for the residual roughness and
the optical appearance. 10 Table 1: Residual roughness Rm, [nm Optical
Appearance < 40 bright finish 41-50 satin to bright finish 51-79 satin
finish 80 mat-te _Moreover, it has been found out that the residual roughness
depends on the aRedidual @ughngisiR Qf inktje etich sol utd not €d |t hat
hi gher aci di srrengthjegdsto'%£%2?er residuarmﬁgﬁhﬁé%%gggﬁﬁ, as aresult
thereof, to a greater incekegse of the surface and v%ﬁghrm§§§a. Thée acildi ¢
strength may|lal so influence the etch rate which in tufFn arfects the

resi dual roughness with hjigker etch rateg usuall . [TiNg. [ n conpardtively
greater resgdual roughnggsaﬁln vi ew t heneof, it¥ﬁ2§%§bé@ﬂg@@ﬁ found qut
that the etch rate is mm5tj§e sol e Tactqr responsi ol ¢ _for theformathon of
surfaces hav|{ng the brightest possible fiinish. It ﬁﬁ@n@PEery to be geen
that the usef of the nore §%SC|T|caI|y sulffate free—etcth—sotutt+on—pregquced,
even at the same etch rate, "a significantly enhanced &ﬁﬁ@hrance . ed, a
surface with a brighter finrsh —The sotutton—for—etchtng—eepper—er—a—eopper
alloy and the nethod in accordance with the invention permt to elimnate
the problens arising using the known neans. The bright surfaces required as

a result of,,the ever-increasi ,Nj aturi, ion,can be pr,oduced wi.th the
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versa. The acidic strength may also influence the etch rate which in turn affects the
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residual roughness with higher etch rates usually resulting in comparatively greater
residual roughness. In view thereof, it has also been found out that the etch rate is not
the sole factor responsible for the formation of surfaces having the brightest possible
finish. It was clearly to be seen that the use of the more specifically sulfate free etch
solution produced, even at the same etch rate, a significantly enhanced appearance i.
e., a surface with a brighter finish.

The solution for etching copper or a copper alloy and the method in accordance with the
invention permit to eliminate the problems arising using the known means. The bright
surfaces required as a result of the ever-increasing miniaturization can be produced with
the setch olution without the trade-off of a simultaneous reduction of bonding strength of
the metallization to follow. There is no formation of brown stains on the bright surface
while the substrate is being taken to the rinse tank, which additionally further improves
the bonding strength.

Surprisingly, resin smear, which may form on the areas of contact of leadframes as a
result of'epoxy bleed out"as they are being cast in plastic, may be



t he bondi ng strength. Surprisingly, res;lp snear, which may formon the areas
of contact of |eadfranes as a result of epoxy bleed out"as they are being
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t he et hod.nhggtgqq‘gpce}[ogW@g?t%%r%mtgoraﬂh@\mﬂtsa(agr m%{'a?_r to electrolytically

coating wi 1 me advantage of da netallic bright surface
showi ng no stains is that one avoids the problens stemmng froma natte
and/ or st aiAnettiesadvantagedi ki mgtaliic pright saihceoshowingoimétaims skthahod@voidytheict | ve

pattern. Adverse effects.during.the follow ng netal platin sfep, for
exanpl & duPIRTE SETFUTSLEMAUBRL Prup e SiHach ol sty Sl €1 ver.

ni ckel , gphstomasipah tiedtanductive patterno Baesrye difectd durirgy thé fedowirgnuétacplatired Wit h
t he net hod éeg ccordance wth t{]e inveniﬁ.i on, al so rTEerm’ts t.gy overcone the
probl em ar # n@r HTRfE HEOM SIE BT QS SotRP oSt oL RIYBH NP ORRSHd™ AYE" N9Csome cases
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These problens arising using the known etch solutions are due to the fact
that the cdppépiutigumpagiastumditiciee mribed inscerganewith heripvantieralse e. | too

hi gh rough g - per
surfaces hggﬁgqregﬁgrﬁg@sggﬁédggb I?mo%@é:% "{rﬁ%°"§§@gggﬁgﬁﬁ%"é§§{rﬁggﬁg be
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the given %Fc’ﬁleb'mqtﬁé‘&cﬁgblhﬁ&‘ﬁ?Jthﬁ{t{v&%ﬁosﬁt%%&ﬂiﬁéd‘ig nfoh%f&‘ﬂ? 1?3%& cture can

be denonstrated. They negatively aftect corrosion behavior of chemcally
deposi t ed preibigees arfsing esirghibleknown etahieslutions aresduednthefastthatthefcapras t hat are

etched in | ' r.0 I ' k LG L tures.
The resul  FifeeaRRocd hud S, s uuRiyre PEOTE Hh ol B LB valll IF 0 F
t he copper on¢ agsumeasdor examplé Hiat tHeutopaemsuriaoes hawegeroughordsateptidefdn?,ame i s t he

o P o ARSI ByersttBbE ot Glech Sfcn Bty Fillda BbABLSLI G 2-4,"
contrast to many prior-art erc poli'shi'ng
um, will adapt to the given texture. The epitaxial effects resulting from the structure can
be demonstrated. They negatively affect corrosion behavior of chemically deposited

nickel for example.

For the reasons mentioned, surfaces that are etched in this manner are not suited for

producing fine circuit structures.

The resulting copper removal is low so that after etching the thickness of the copper
layer varies within but a narrow range. Another advantage is the low pH of the solution,
which is 4 or less, as such a pH permits, in contrast to many prior art etch (polishing)
solutions, to utilize the solution while using alkaline soluble solder resists. The service
life i. e., the copper absorption of such an etchant without the trade-off of a reduction of
the brightness of the copper surfaces, is on the order of 20 g/i and more, which is also
due to the low pH without complexing agents having to be added to the solution. The
operation of the bath, the analyses and the necessary replenishments are easy to
perform.



solutions, to utilize the solution mhil? usi ng al kal i ne sol ubl e sol der
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benzene sul fonic aC| d, phenol sulfonic acid, toluene sulfonic acid
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particul ar preference are such having a conp arat I vely I'ow acidic strength.
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group conpri sing m)n - tri tra-N heterocyclic conpounds.
More specifically, the conmpounds nay thereby have 5 or 6 nenbers. Conpounds
of the grolihe solotior sian furiher paiferably Nontainhat llegsy omeoNireterecyctic eormpeyndg Ui ne,

N-heterocyclic compounds are preferably selected from the group comprising mono-N,
di-N, tri-N and tetra-N heterocyclic compounds.

More specifically, the compounds may thereby have 5 or 6 members.

Compounds of the group comprising pyridine, N-methyl pyrrolidone, adenine, guanine,
uric acid, imidazole, pyrazol, piperazine, pyrrolidone, pyrroling, triazole, tetrazol and the
derivatives thereof are preferably suited.

The N-heterocyclic compounds contained in the etch solution do not substantially

influence the etch rate of the solution.

The preferred concentration ranges of the solution constituents are as follows : aromatic
sulfonic acids and the salts of the aromatic sulfonic acids : preferably from 2 to 250 g/,
more preferably from about 20 to about 60 g/l,



uric acid, imdazole, pyrazol, piperazi ng, pyrrolidone, pyrroline, triazole,
tetrazol and the derivatives thereof are preferably suited. The

N- het er ocyd¥-heteranyplincadipatiods:ai ned in the etch solution do not substantially
i nfluence the etch rate of the solution. The preferred concentrati on ranges
of the soluti St e as follows : aromatic sulfonic acids and
the salts qutt%@?yp f@%l onic acids : preferably from2 to 250 g/1,

nmor e pr ef erratwe\préfiecablyefioam abait 10dtoaboutt8064)1, 9/ 1, 13 N-heterocyclic conpounds:
preferably fromO0.1 to 300 g/I, nore preferably fromabout 10 to about 80

g/l, hydro en er oxi de % (wWv)) : preferably from about 60 to about 110
g/l, nore fg( F‘é’ﬁf%"%’éﬁ?fab‘w&l) 80 to about 100 g/l, nost preferably about

100 g/ 1. | tpréfardoiy fien 4BE6YT et teQbolinelo d/he etch solution al so operates outside
of the concentratlon ranges indicated. Accordingly, the concentration

ranges |ndl'H'&’teéHefﬁfaé"ynfﬂ?rBaQP%rﬁﬁ)atP@bO‘&taIQQ& The peracids used are sel ected

from the grpsR pe&BmRbiySdYaaL PsE@Ni ¢ and inorganic peracids, said peracids
bei ng preferably selected fromthe group conprising perbor| c acid and

perbenzoic acid. In addition to the constituents nentioned, the solution
manuf act ur dtiisup bh understeat ithal thenetch selutiernalee opgratestautsidenefdhe concentigtiaonpri se
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peracids, said peracids being preferably selected from the group comprising perboric

acid and perbenzoic acid.

In addition to the constituents mentioned, the solution manufactured with the method in
accordance with the invention may comprise at least one adjuvant selected from the
group comprising polyethylene glycol, polypropylene glycol and the derivatives thereof.
It could be observed that, by adding this adjuvant, the copper c¢rystals became even
smaller, which additionally minimizes the size increase of the surface, thus further
reinforcing the bright finish of the surface treated. Said adjuvants preferably have a
degree of polymerization in the range of from about 100 to about 1000.

According to the method of the invention, the copper surfaces are preferably cleaned
prior to being treated with the solution manufactured with the method in accordance with
the invention in order to remove from the copper surface contaminations that would
interfere with the treatment. Conventional acidic cleaning fluids may be utilized. Usually,
surfactants and, if need be, complexing agents such as triethanolamine are added to
the agueous cleaning fluids in order to improve the cleaning effect.



degree of polynerization in the range of, from about 100 to about 1000.

According to the nethod of the inventionl, the copper surfaces are preferably
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being more preferably formed as electroless nickel-gold or as chemical tin.

The metal layers applied may for example serve as bondable and solderable contact
areas or as electrical contact layers for push buttons or plug contacts.

The metal layers may for example be deposited by electrochemical, electroless or
chemical plating. Chemical deposition by metal to metal charge transfer is preferred,
one metal (here copper or a copper alloy) dissolving partially while the dissolved metal,
chemical tin for example, is deposited. Electroless plating €. g., electroless nickel-gold is

also preferred.

For forming an electroless nickel-gold layer, the copper surface is first treated with a
bath by means of which palladium nuclei are deposited onto the surface.

Next, metal plating may be performed in another bath comprising nickel ions, for
example in the form of a sulfate salt, and a reducing agent. Usually, the reducing agent
utilized is a hypophosphite salt, for example the sodium salt thereof, or the
corresponding acid thereof. In this case, a nickel-phosphorus
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| f : 2 )
Conper Sur ket PRSPPI YRS RO, 1
t he benef i tFafthe procesdireg @metedaalremt boargs, utshasgaeehéowm#xp.&nhai tvef @titiestionand be

processed [ S, rcuit
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conveyor | zecbnpé;aatdl thepugh tiessplant ovha hbviZohtal periveyieg dﬂECtMI (pathpwhitisbeing conveyed

through the &ka%?etd V(\:I)llt]1 ﬁl\ehp?cr)clzezsgatg?lwdgc\)nnavseﬂt %ogzllerseé:utc S$S aytohr)ﬂow nozgleg Fsl ng
particularly advantageous. For this purpose, the printed circuit boards can be held

horizontally or vertically or in any other orientation.

In a similar fashion, substrates comprising copper surfaces such as leadframes can be
processed in reel-to-reel (RTR) systems.

The following examples serve to further explain the invention: Except for Comparative
Example 4a, the concentration of the sulfate ions in all of the etch solutions of the
examples described was reduced to a value that corresponds to a concentration of
sulfate ion in the sulfonic acid of less than 0.2 % (w/v) which is added to the solution.
This was achieved by means of barium sulfate precipitation. The barium sulfate thus

obtained was filtered away.



contacted with the processing fluids vi aléuited nozzl es such as spray or
flow nozzles is particularly advantageous. For this purpose, the printed
circuit boaFhkspld imtheeschdibos maoufazioredaviththematieod acarding torthe present ot her

orientation . i.m i ubstrates conprising copper surfaces
such as Iealgyé@'ﬁgﬁgggrll\k%gb%?'g%‘:gglsegg’ inreel-to-reel (RTR) systens, The

foll ow ng exanples serve to further explain the invention: Except for

Conpar at i veln thx amgrhgled rintdticcirc 0l bearts eat avreoéledthuiytizalyf @irforcedwith bogddr of t he
etch sol uti q”@d'Of t he exanBI. et% ;ﬁFcr.i bed was reduced to a val ue that
cladding ihihgolio

corr esponds VEIRRRTY S MFHP2Son in the sulfonic acid of |ess

than 0.2 % (wWv) which is added to the solution. This was achi eved by neans

of barium syldigimnP e MididtdoRGentibRgl dtinidgusd!] fate thus obtained was
filtered away. 16 The pH in the solutions manufactured with the nethod

according to the present invention was always about 4 or less. In the
exanpl es, pRifinsing watelit boards that were electrolytically reinforced with
copper cladding were processed in the followi ng manner: 1. Cleaning in an

or i nt ot ci 1 eunpeaaegfe BARNed Setheaco dor AP sadh Bk Efamifesry DUTRC! T 01

1 %(wv) sulfuric acid; 5. Rinsing in water ; 6. Metal plating with

el ectrol ess4 Nbipfing o bhen (whi) BuiliiRdcerl gol d using current netal plating
solutions. Exanple 1 a-Exanple in accordance with the invention: An aqueous

sol ution was %r epared by m xing the follow ng constituents:
phenol - 4- subfRInsing cwate(sul fate free) 50 g hydrogen peroxide 35 % (w v) 100

g
6. Metal plating with electroiess Ni/P and then with chemical gold using current metal

plating solutions.
Example 1a-Example in accordance with the invention:
An aqueous solution was prepared by mixing the following constituents:

phenol-4-sulfonic acid (sulfate free) 50 g
hydrogen peroxide 35 % (w/v) 100 g

Deionized water was added to bring the volume to 1 L.

The solution was heated to 23°C. Then, two copper foils (printed circuit board quality)
were each treated according to the aforementioned method scheme by dipping them for
120 sec into the solution. After treatment with warm deionized water, they were dried.
One foil was used to determine the residual roughness while the other foil was metal

plated in compliance with the method scheme.

The copper layer of the analyzed foil had a satin to bright finish and had a residual
roughness of 44 nm. No stains formed while it was taken to the rinse tank. The etch rate
was 0. 66, um/min. Aftertin plating, an adherent bond between the copper surface and
the applied tin layer could be observed.



Dei oni zed water was added to bring the vl(r)} ume to 1 L. The solution was
heated to 23C. Then, two copper foils (printed circuit board quality) were
each treat dtkaapiot dibgnmpbe nheecafdaneswith therimdentien: Hohrpdd déawabyemtiapgsl ng t hem

for 120 sec.in t . i , eat 1 rm dei ol ter,

they wer e dre Soiothd i 6w e eeRinesiE R, Mitns ML LAALE B 48

whi | e t he d hairodem permdde B ta(w/v)plGdtgeDeionized wpter svasadded to brirg thewblasheschene.

The copper tIgayer of the analyzed foil had a satin to bright finish and had a
r

resi dual ness of 44 nm No stains forned while it was taken to the
rinse tank. The etch rate was 0. 66, ummn. Aftertin plating, an adherent

bgnd beéI We€l7het&bﬁppéﬂlﬁfﬂarlha‘ngEia‘iiﬁﬁiln%h_(‘bndTah@sidgﬂ|rbl§ij11nbisﬂof@B’ﬁr_”n. RO gtathsbe —
observed. anpl e - Exanpl e. i n . accordance with the inventjon: Exanple
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t ol uene- 4- ANk euiitiettly adHer@it®ohd 86tvedh thedcdpper S@RiteRMUAE B5pIidE shoer W V)
100 g Deioni zed water was added to bring the volunme to 1 L. The copper

| ayer had d2¥5cPHdbeRbsavedd a residual roughness of 63 nm No stains
formed while it was taken to the rinse tank. The etch rate was 2. 0 Sum m n.

After silvegs mghﬁ&gslﬂgrgr S?F&Jé ﬁia?géér}éd ﬁ%ﬁ{ﬁ%h é&gé‘% ?ﬁh&ﬁdigbftﬂ}i@a&& Rgr

surface and the a ver yer cou serve ment 1 oned herein
above, it dppaesidaged hacan he seenfiomdbheExkamples daand drb. Phendled-guliatiic gcidf t he

aci d used - ;E@F}[@ , - A- oni c

acid has %sﬁw@ﬁ@@%ﬁéﬁb%lr 1 ngl'n;?/ﬁﬂ!@’ egg%irﬁ%tg\%%ngﬁﬁ?%@é{ct han

t ol uene- 4- sagid. dhisc togethied with thesformatipst di emalign doppérecrisalsates dtedoh agedudedr

copper crys&%a lr&@@lﬁ%&gg‘ %&m@alé @guced resi dual roughness in Exanple Ia.
arrp?e I an '

Exanpl e 2- accor e Wwth the invention: Exanple 1 b was repeated
using a solution with the follow ng conposition: toluene-4-sulfonic acid

(sul fate freempld2Exahiplty io@eBoransvitethdInvEntion: Exatipe 9bpeisyepdateeasng! ycol
(degree of .‘P gclllalt%%rvlviﬁ\atwe?cry]IOWing composition: toluene-4-sulfonic acid (sulfate free) 25 g
hydrogen peroxide 35 % (w/v) 100 g polyethylene glyco! (degree of polymerization :

100-400) 25 mi Deionized water was added to bring the volume to 1 L.

The copper layer had a satin to bright finish and had a residual roughness of 43 nm. No
stains formed while it was taken to the rinse tank. The etch rate was



100-400) 25 m Deioni zed water was addeg to bring the volune to 1 L. The
copper layer had a satin to bright fini sz and had a residual roughness of 43
nm No stdi B,surﬁtmineﬁteMkael ;iulatlngaan tadhkerantt bmnti vetweemstbe capper siiacecdrohthe at e

was 18 1. . ating, an adherent bond between the
copper surfagglée angletlﬁa é"g%‘i‘ E%é né%e | ayer coul d be observed. By adding
pol yet hyl ene glycol in Exanple 2, one obtained a reduced etch rate and, as a
resul t themyaddding ﬂowuwermodme&'xamb nefsopdiesd drédebd ¥tohaaeainddasat h

Example 1 |nacord nce with the invention: nple 1
b s, e pedstll SRR SAREATBYTAI o aNARES WoRT SHchy cwBRsd M maniple 1 b.
tol uene-4-sulfonic acid (sulfate free) 25 g hydrogen peroxide 35 % (wv) 100

g pyridi n%x%ﬂ)plﬂsﬁ%lﬂpeﬁﬁ@cd@&ﬁ{ce‘&ﬁﬁl tA89REntich; bring the volume to 1 L. The
copper |ayer was brigh had a residual roughness of 31 nm No stains

formed while it was taken to the rinse tank. The etch rate was 1. 5,
unt mi n.  Af teampleet b malsaepeatechLisingl a salupdrawitinthe fattowiod epropositimnd bet ween t he
copper surface and the applied palladiumlayer could be observed. The

sol uti on uf ac W t.h the t in accordance with the invention was
pr epar ed, nﬁ@l"ﬁ’be ﬁgﬁ%%m&éﬁqr}aﬁqgeeggg@ as in Exanple 1 b and addi ng an

N- het er ocy tytigen peroxideds Agwaonpaged to Exanple 1 b, the etch rate

di m ni shed an&gégﬁénsli ze of the copper crystals was strongly reduced. As a

result, thdYf roughness dropped significantly and the surface
accordingly had a uniform bright appearance. Conparative Exanpl e 4a:

Exanpl e la py@énisReabeHas!SHdd B bFiRg e \thrﬁ\é {du the followi ng conposition
benzene sul fonic acid (containing about 2 % (wv) H2SO4) 25 g hydrogen

peroxide 35 % (wv) 100 g
The copper layer was bright and had a residual roughness of 31 nm. No stains formed

while it was taken to the rinse tank. The etch rate was 1. 5, um/min. After electroless
palladium plating, an adherent bond between the copper surface and the applied
palladium layer could be observed.

The solution manufactured with the method in accordance with the invention was
prepared, using the same sulfonic acid as in Example 1 b and adding an N-heterocyclic
compound. As compared to Example 1 b, the etch rate diminished and the size of the
copper crystals was strongly reduced. As a result, the residual roughness dropped
significantly and the surface accordingly had a uniform bright appearance.

Comparative Example 4a:;
Example 1a was repeated using a solution with the following composition :

benzene sulfonic acid (containing about 2 % (w/v) H2504) 25 g
hydrogen peroxide 35 % (w/v) 100 g



19 pyridine 30 m Deionized water was a\q)ded to bring the volune to 1 L. The
copper |layer was matte and had a residual” roughness of 88 nm No stains
formed whipyedine 3@asl t aken to the rinse tank. The etch rate was 1. 2, unimn
at a tenperature of 25C. After bisnmuth plating, an adherent bond between

t he copper surfac nd the .applied bis | ayer coul d be observed. Here it
appear ed tf@?’on%ﬁ‘f‘ﬁgﬁfbwa§ﬁgd%‘f@ﬁ’r‘"gtﬂée V\?g]glm%‘?/v?xt he surface that fornmed was
not bright. The etch texture could not be inproved by adding an N

het er ocycl i TheCppetiager wad thatt€ ¥R/dTRA® a P&Yidllal hhéssd BB MM NY &aih8 forinali| uence
of a sulfonic acid conprising sulfate ions at was not in accordance with

the presentWiile/enes ighen taibe shpetanknT Rpah eaje vqap Ke 2gura{mip gf a teraparatues ef

sol ution. BxAPAfertlisrritABtiRg! &h REREHR0RE bitweBn HRECAIPEP BN RR: angqRPar at i ve
Exanpl e 4a was repeated usi n[%ebqsol ution with the follow ng conposition:

benzene sul"FRﬁ’H?‘éb'&EﬁUH‘ laxen qosidbe ohsgyveds g hydrogen peroxide 35 % (wv) 100 g
pyridine 30 m Deionized water was added to bring the volune to 1 L. The

copper | ay (eI i i s of 45
o SerdWagpesRlifal DrRlbf e 10 A0 L e BB MRl VIR 0
was 1. 3, ubright. The Atchetextucsheavild adt bgdmprqyed bl mdding mndétHeterncycio nempaitngeen t he

copper surf I exanpl e
clearly shoﬂsﬁg?ﬁg}gplégg'{nﬁggﬁ #%tee t@%ﬁmﬁéﬁ% érjrfan fBR urceacq’mp-rgfn he net hod
i n accor damsuéfate |brhs thetwasiuetrin aou:ordamprv&ithi the peesso :hmmoh.r'ﬂ'e slitioobebawedi d has

on the et te |y conpared with Conparative Exanple 4a. The
etch rate Cl sa%uﬁgamdgpch u‘:ﬁ%

Example 4b-Example in accordance with the invention:

Comparative Example 4a was repeated using a solution with the following composition:

benzene sulfonic acid (sulfate free) 25 g
hydrogen peroxide 35 % (w/v) 100 g
pyridine 30 mi

Deionized water was added to bring the volume to 1 L.

The copper layer had a satin to bright finish and had a residual roughness of 45 nm. No
stains formed while it was taken to the rinse tank. The etch rate was 1. 3, um/min. After
chemical gold plating, an adherent bond between the copper surface and the applied
gold layer could be observed.

This example clearly shows the positive effect the solution manufactured with the
method in accordance with the invention comprising a sulfate free sulfonic acid has on
the etch texture when directly compared with Comparative Example 4a. The etch rate

was



simlar, but the residual roughness could be reduced by al nost half which
resulted in an optically significantly “%nhanced surface. It is to be

under st ood sirhitar, wa theoresidoaliofigluvatss coald dededuded thy talrh osimalf whidhaebuliedah ameans
may be appl | ' h n cribed by way of the exanpl es herei nabove
wi t hout de6’5?'??"&g"gfvr\'?%%wyﬁeznh%@g%deg%?ac?he invention as defined by the appended
claims. It is further understood that conbinations of features described in

L hi s alopldi 8&& itd)ﬁ_e whdédrstoed tmggm{cs&ﬂ%diﬂbalﬂerﬁgs@ﬂﬁs@s:tiﬂuliaﬁh @ﬂe&hﬂgﬂh’_ﬁeaﬁ_@d aL eto
e Included wmthin. t rview of the, SCri I nvention and wiwthin the
e ope of ¢ e bty fo Rhbt st belh detined By Hiayca! the Syages Beramatibien,
ipplAi cat Logﬁthf@htmahﬁrger'rdm fHeascopé Fb&giim\&?ﬁma%ﬁﬁebmftﬁé apreled clims. @ ai ns:
. net ho nmanuf act urin a solution or etchi. co er r a co er
al | oy, sai'%IPLE‘BPU?W‘I?ﬁStﬂ%‘ix1W?g°%{”?JPPWS£f Eﬁatqr@!gg?scgg&aIqﬁg@mﬁ@aﬁgwf@%g
M Xing in Suggéféd toiderddnsl skAISH irPhe Mbdrdi & Rob& BiRNted NitRRltRél plifvRW éfke gr oup
conpri si ng drogen peroxi de and peracids and b) | east one substance

y¢ S at . ne .
sel ect ed f rdsaPHhed Igrentipn apdpithiaitheyseaps phthecapprepded plains. All Rublifetiontl salts of
the aromat it ANpseRCAPRcIMIAS Bitd Karbif é@hé%b?ﬂwcb?p%ré%_e& B% r&@bRnten
concentration of less than 0.2 % (wWv), characterized in that the sulfate
ion concentration In the at | east one 15 substance selected fromthe group
conprising aronmatic sulfonic acids and salts of the aromatic sulfonic acids
Is less than 0.2 % (wv). 2. The nethod according to claim1l, characterized
in that the solution for etching copper or a copper alloy further conprises
at | east one N 20 heterocyclic conpound. 3. The nethod according to claim 2,
characterized In that the concentration of the N-heterocyclic conpounds is
In the range of fromO0.1 to 300 g/l.



25 4. The nmethod according to any one of claims 2 and 3, characterized .in
that at |east one N-heterocyclic conmpound is selected fromthe group
conprising nono-N, di-N, tri-N and tetra-N heterocyclic conpounds, 5. The
met hod according to any one of clains 2 - 4, characterized in that at 30

| east one N-heterocyclic conpound is selected fromthe group conprising
pyridine, N-nmethyl pyrrolidone, adenine, guanine, uric acid, imdazoie,
pyrazol e, piperazine, pyrrolidone, pyrroline, triazole, tetrazole and the
derivatives thereof. 22 6. The nethod according to any one of the preceding
clainms, characterized in that the concentration of the substances is in the
range of fromb5 to 250 gA. 5 7. The nethod according to any one of the
preceding clains, characterized in that at |east one salt of the aromatic
suffonic acids is selected fromthe group conprising sodium and potassium
salts. 81 The nethod according to any one of the preceding clains,
characterized in 10 that the aromatic part of at |east one aromatic
suffonic %d or of at least.one salt of the aromatic sul fonic acids
conpri ses MFeast one phenyl group. 9. The nethod according to claim S8,
characterized in that at Ieast one phenyl group is substituted by one or

nor e radlcal sely 0 nitr no, hydroxy,
hal ogen, C, ? Qaﬁ.ﬁ%& Jf %u r%a%?ut%§@?%{9§ nﬁ é}% 84t 8%?”?%5 The net hod
according to anysmdleolwfonthhwng)aoti@tﬂ# nyleed, adidmetitidaomptising mbdhgiim  t hat at

| east @ne aromat jgsuffonic acid Is selected fromthe group 20 conprising

benzene sul fonic aC|d phenol sul fonic add, toluene suffonic acid, anino
benzene suffonic acid and napht hal ene sulfonlc acid. 11. The met hod

according to a”yﬁf”eat%sttoh?oﬂﬁlﬁnﬁﬁqg pé&é &&t&Hgﬁqgl n that the

solution for etc n% copper or a“c oy conmprises east one
ydrogen peroxide and paracids and
o b) at least ona substance selected from the group comprising aromatic
10 sulfonic acids and salts of the aromatic sulfonic acids

wherein said solution has a sulfate ion concentration of less than 0.2 % (wiv),

¢characterized in that the sulfate ion concentration In the at least one
15 substance selacted from the group comprising aromatic sulfonic aclds and
salts of the aromatic sulfonic acids is less than 0.2 % (wiv).

2, The method according fo claim 1, characterized in that the solution for
etching copper or a copper alloy further comprises at least one N-

20 heterocyelic compound,

3. The method according to claim 2, characterized in that the concentration of
the N-heterocyclic compounds is In the range of from 0.1 to 300 g/l.

25 4, The method according to any one of claims 2 and 3, characterized in that at
least ona N-heterocyclic compound is selecled from the group comprising
mono-N, di-N, tri-N and tetra-N heterocyclic compounds.

5. The method according to any one of claims 2 — 4, characterized in that at
30 ieast one N-heterocyclic compound is selected from the group comprising
pyridine, N-methy! pyrrolidone, adenine, guanine, uric acid, imidazole,
pyrazole, piperazine, pyrrolidone, pyrrofine, tfiazole, {efrazole and the
derivatives thereof.



25 adj uvant selected fromthe group conprising pol yethyl ene glycol,

pol ypropyl ene glycol and the derivatives thereof. 12. Use of the solution
for etching copper or a copper alloy manufactured with the method according
to any one of clainms | - 11 for producing electrical 30 circuit carriers or
for the sem conductor technique in vertical and/or horizontal lines or for
produci ng | eadfranmes in RTR systens or for producing nmultipoint connectors
and contacts in switches, plug and socket connectors, sockets and plugs. 23
13. A method for dep03|t|ng metal to*dhe surface of copper or a copper

all oy, said nethod conprising the follow ng nmethod steps: a) contacting the
surface with the solution for etching copper or a copper 5 alloy

manuf actured with the nethod in accordance with any one of clains 1 - 11
and b) coating the surface with at |east one netal. 14. The nethod according
to claim 13, characterized in that the substrate is 10 selected fromthe
group conprising electrical circuit carriers, |eadfranes, mul ti poi nt

connectors dc sockets
and bl ugs. 1. THE felR pbbetifd Sweﬁﬂ"ﬁfﬁeﬁ%ngﬁ@%ﬁ# ST
characteri zed i nthahthe corlﬁntraﬂen stihs substancdsss inghe mgedffmnn hte260xwi di ¢ cl eani ng
fluid prior to nethod step a). 16. The nethod according to any one of
claims 13 - 15, characterized in that the substrate is contacted with

sul furibc aci® pr iTbe medograedatstingste @py ene. of 4@ praceding slaifes, Bdaractedzsddn ng to any

one of clai ms 13yt dfeastdiad’saf bhe 2@thatid s iRk akiliSis sBBLEY frbm th€! €cted from the

group conprising copper,. tin, gold, silver,
group compnsmg sodium and potassium salts.

8. The methad according to any one of the preceding claims, characterized in
10 that the aromatic part of at lsast one aromatic sulfonic acid or of at Isast ane
salt of the aromatic sulfonic acids comprises at least one phenyl group.

9, The method acéording to claim 8, characterized in that at least one phenyi
group is substituted by one or more radicals selected from the group
15 comprising nttro, amino, hydroxy, halogen, C; - Cg-alkyl radicals and Cy - Cs
alkoxy radicals.

10.  The methoed according to any one of the preceding claims, characterized in
that at isast one aromatic sulfonic acid Is selected from the group
20 comprising benzene sulfonic acid, phenol sulfonic acid, {oluene sulfonic
| acld, amino benzene sulfonic acid and naphthalene sulfonic acid.

11.  The method according to any one of the preceding claims, characterized in
that the solution for etching copper or a copper ailoy comprises at least one
25 adjuvant sslected from the group comprising polyethylene glycol,
polypropylene glycal and the defivatives thereof.

12.  Use of the solution for etching copper or a copper alloy manufactured with
the method according to any one of claims 1 - 11 for producing elecirical
30 circuit carriars or for the semiconductor technique in vertica! and/or
horizontal fines or for producing leadframes in RTR systems or for producing
multipoint connectors and contacts in switches, plug and socket connectors,
sockets and piugs.



pal | adi um bi snmuth and nickel. 25 18. The net hod according to claim 17,
" characterized in that the netal |s electroless nickel-gold or chenical
19. The method according to any one of clainms 13 -
el ectrical
and/ or

10

15

25

30

20

18 for producing

tin.

circuit carriers or for the sem conductor technique in vertical

30 hori zont al

13.

14.

16.

18.

17.

18.

19,

23

A method for depositing metal to the surface of copper or a copper alloy, -
sald method comprising the following method steps:

a) contacting the surface with the solution for etching copper or a copper
alloy manufactured with the method in accordance with any one of

claims 1- 11 and
b) coating the surface with at least one metal.

The method according to claim 13, characterized in that the substrate is
selected from the group comprising electrical circuit carriers, leadframes,.
muttipoint connectors and contacts in switches, plug and socket connectors,
sockets and plugs.

The method according to any one of claims 13 and 14, characterized in that
the substrate is contacted with an acidic cleaning fluid prior to method step

a).

The method according to any one of claims 13 - 15, characterized in that the
substrate is contacted with sulfuric acid prior to method step b).

The method according to any one of ¢laims 13 - 16, characterized in that the

metal is selected from the group comprising copper, tin, gold, silver,
paliadium, bismuth and nickel. -

The method according to ciaim 17, characterized in that the maetal is

electroless nickel-gold or chemical tin.

The method according te any one of dlaims 13 - 18 for producing electrical
elreuit carriers or for the semiconductor technique in verfical and/or
horizontal lines or for producing leadframes in RTR-systems.

| i nes or for producing | eadfranes in RTR-systens.



