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charge transfer reaction and to a nmethod for silver |ayer deposition on
metal surfaces through charge transfer feaction, nore specifically for
manufacturing printed circuit boards and other circuit carriers. 10 In
manuf act ur i Agigicisalationifor silvehdapdsitimmdand methoid forisilvealayesr s, t he non-
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net hod, t hethrBLgk BRERYOrasFEHrezRRBEI mbAY ShediREdIESBPRHNEadteriidplintedl  the
conductive patterns to be forned. Then, a furthér nmetal layer, a tin |ayer

for exanpl éirciisbeargstarsl 9thpe aireyjt egspeised onto the copper 1ayer forned,
said fugther netal |ayer serving as an etch protection during the
subsequent patterning 25 process. Then, the mask is renoved fromthe
surfaces anth trremuéagioseyl pdotedearircuitboaedwaed otheratirchit vgmidrs, theencar eas whi ch

do not corr %gﬁgﬂgivteosut a%eg%?%ecg&gs%rates are generally at first clad allover with a
copper layer for the purpose of making the surfaces conductive. Usually, the
non-conductive walls of the holes in the substrates are thereby metal-plated for

15  the first time. Next, conductive patterns are formed on the surfaces of the
substrate. Various methods may be utilized for this purpose. A current method
consists in first depositing on the surfaces a mask formed with a photosensitive
film, said mask only covering those areas of the surfaces that are not to be
provided with a pattern and leaving those corresponding to the conductive

20 patterns uncovered. A copper layer is then deposited in these areas using an
electrolytic method, the thickness of said copper layer corresponding to that of
the conductive patterns to be formed. Then, a further metal layer, a tin layer for
example, is electrolytically applied onto the copper layer formed, said further
metal layer serving as an etch protection during the subsequent patterning

25 process. Then, the mask is removed from the surfaces and the exposed copper
is removed by etching off the areas which do not correspond to the conductive
pattern. Finally, the metal layer that forms the etch protection coating is also

removed so that the conductive patterns are obtained.

30 For electrically attaching components such as resistors, capacitors and
semiconductor components, a solder layer consisting of an alloy of tin and lead

is applied to the decxidized copper surfaces using liquid solder, excess liquid
I —
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pattern. Finally, the netal layer that forns the etch protection coating is
al so renoved so that the conductive patterns are obtained. 30 For

el ectrically attaching conponents such as resistors, capacitors and

sem conducWarogosponent s, a sol der |ayer consisting of anPGIERS§/OEBStin and
lead is applied to the decxidized copper surfaces using liquid solder,
excess liquid I TEEELLE VUL LEEEEE TRERTIEEED VELL 1F 11T *ACTI ON¥ VO
03/ 104527 PCT/ EP03/ 05585 2 sol der being renoved fromthe surfaces, and
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to make electrical contact. 10 After the tin/lead-alloy |ayer is forned,

the conpone#bishitag cempenenisrarriniiended to be spisiaged t Aeageadk thetiaydr f ace
ot e ona Al S A5 i RS A PR S,

of t en happens noun S61 4 alrly | ong
time after qumopomcdrtoareontétdedioraaké eldotioal voetacon the printed circuit
boards only, the copper surfaces oxidize so that their ability to be 15

wetted by liquid solder is extrenmely reduced. Accordingly, the circuit
struct upes Aﬁ&%b@mh@aafaﬂﬁﬁléy’e?@ fo*ﬁﬂeexﬂh@ecdn@dcﬁ{e%té A TESE BRAG mbdhted

soldering. In formng t ti'n/l ead-all oy layer on the circuit structures,
the latter ,éln@ughéb@ﬁtaﬁk“@r@ﬂﬁa@(muzltefgorsto tha arintdtecicaiporasa vdienay be

Tount 0 20chge e chle, 2 Ebfkn SR ML DL boBRu B8 Y E g dtERE DY
copper sur f sulésretirafainy logyasse siteopodatiiomof thaxiruit etutiuréhondod , areas
prepared w ;grh]nttég %ir'&ﬁ’l{ bgér%%eosn?y ahg cggpr)gr su ?—Fa%es oxidize so that their ability to be
15  wetted by liquid solder is extremely reduced. Accordingly, the circuit structures
should be freed from the oxide layers formed prior to soldering. In forming the
tin/lead-alloy layer on the circuit structures, the latter are prevented from
oxidizing so that the components may be mounted and soldered at a later
stage without any problem. Accordingly, the layers produced with the HAL
20  process also serve to protect the copper surfaces from progressive oxidation.
As a result thereof, areas prepared with the HAL process are very easy to
solder. Furthermore, the surfaces of the printed circuit boards resist oxidation

and other corrosive processes.

25  Although thickness uniformity of the tin/lead-alloy layer may be achieved in
carrying out the HAL process by means of the air knife, considerable thickness
differences remain on the surfaces of the printed circuit boards. As the circuit
density increases and automatic mounting of the components is being
introduced, the conductive patterns must be formed with surfaces as planar as

30 possible, which is not possible with the HAL process. Also, as the distances
between the connecting pads for the components diminish, solder bridge

formation occurs more frequently. Therefore, alternative methods have been



sol der. Furthernore, the surfaces of the printed circuit boards resist

oxi dation and other corrosive processes. 25 Although thickness uniformty
of the tin/lead-alloy |layer may be achieved in carrying out the HAL
process by Wke94387 the air knife, considerabl e thicknessPCHERIBEIEhCes
remain on the surfaces of the printed circuit boards. As the circuit
density increases and automatic mounting of the conponents.is being

i ntroduced, the conductive patterns nust be formed with surfaces as planar
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ever-increasing mniaturization and automation of the 5 nounting procedure.
One approach to mtigate these problens consists in formng a conbi ned
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el ect r ol essofilickel andgdd Adthecorppéstreoiuras &sbe knatesi aig gdrewaliyol ess pl ati ng,
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ni ckel -1gol dhibigepto thaxeppessidddesCH @ihy efddtroRisi MatimP i Gt neBssddipto have
to 15 nmeet highest quality requirenmenis. It is both sol derable and

bondabl e ar@@nnecheicgticaliy #ia awas Pl eepnassuigera dhatcrerte deariatad torary

furthernor W produce el ectrical contact areas, in swtches
and pl ug c%ﬁg%ﬁbé\gré?ga%@sl e. This technique is very expensive though, so

that its applicationis limted to high-quality circuits. It is not suited
for mass apﬂlle' (rzl%tk'elt-)géld final layer is particularly suited for applications that have to
15 meet highest quality requirements. It is both solderable and bondable and
provides excellent protection against corrosion. It may furthermore be utilized to
produce electrical contact areas, in switches and plug contacts for example.
This technique is very expensive though, so that its application is limited to
high-quality circuits. It is not suited for mass application.
20
Another high-quality end surface is formed by electroless plating the copper
surfaces with palladium. Best solderability may be achieved with a palladium
layer of 0.2 um thick deposited on copper. Furthermore, the palladium surfaces
are also suited to produce contact areas on the printed circuit boards because
25 of their reduced contact resistance. Due to the high price of palladium, its use

in mass production must be excluded, though.

The formation of an organic protective layer consisting of alkyl imidazoles or
alkyl benzimidazoles on the copper areas is much cheaper than a coating
30 made of the combined layer of nickel and gold or of palladium. These
protective layers provide effective tarnish resistance, thus preventing the
copper surfaces from oxidizing. They are moreover very thin so that the



20 Anot her high-quality end surface is forned by electroless plating the
copper surfaces with palladium Best solderability may be achieved with a
pal | adium [|ayer of 0.2 pmthick deposited on copper. Furthernore, the

pal | adi um W0 1HWeR7 are al so suited to produce contact ar BEFERI3/O05IE pri nted
circuit boards because 25 of their reduced contact resistance. Due to the
high price of palladium its use in nmas$ production nust be excl uded,

t hough. The forpatjon of an organic protective | ayer consisting of alkyl
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than a coatifigidesd0 made of the conbined | ayer of nickel and gold or of

pal | adium These protective |ayers provide effective tarnish resistance,

t hus preventing the copper surfaces from oxidizing. They are noreover very
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al ready been subjecte a sol dering process as protecti ayer is
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ni ckel -gol d ¢ .ned | aver and 10 of the palladiumlayer that permt to
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to electroless tin-plate the copper surfaces of the circuit structures by
char ge t r an¥eHit RPaFHs grNnobppdealizegrwith thetorganicrrotac¥aiavers protecti ve

| ayers, the tin layers provide but a small tarnish resistance.

Furthernore, they do not allow to produce nultifunctional surfaces since it
is not posdAriteenaltarakiivesnetitodiis &b etestrobssdinwplate thiercappet audacesTdiethe

sol derabi | té(rca{t structures by charge transfer with the copper. But, just as the organic
15  protective layers, the tin layers provide but a smail tarnish resistance.
Furthermore, they do not allow to produce multifuncti.onal surfaces since it is
not possible to make electrical contacts with tin surfaces. The solderability of
the tin layers is given since the tin layer also provides tarnish resistance.
Multiple soldering steps however are only possible under certain conditions.
20  Furthermore, it is not possible to produce contact layers for switches and plug

contacts.

The known methods are utilized depending on the requirements to be
expected. For manufacturing simple printed circuit boards, a final layer only,

25  which is suited for soldering applications, is for example formed . The HAL
process will do for this purpose. If high-quality printed circuit boards are to be
manufactured which are intended to both be suited for bonding applications
and have electrical contact areas, a nickel-gold combined layer or a layer of
palladium is applied.

30
Silver-plating involves costs that may be compared to tin-plating. With but small
thicknesses a final silver layer on copper already meets many conditions of a



the tin layers is given since the tin |ayer also provides tarnish
resistance. Miltiple soldering steps however are only possi bl e under
certain conditions. 20 Furthernore, it is not possible to produce contact

| ayers forwom3tiedses and plug contacts. The known met hodsPCVEP08H3ISBI zed
depending on the requirenents to be expected. For manufacturing sinple
printed circuit boards, a final layer oy, 25 which is suited for .

sol dering applications, is for exanple formed . The HAL process will do for
t hi s pur pos&odefn finghageraMarg specificaly, silver layerd oeayootaardy be ubiized for

manuf act ure L ,htended to both be suited for bondi ppl i cations
and-have el S2PHEd PPRistRnE BF by fondie midie Bt Gt bl ROA TR B ayer
of pall adi iayetsalgppiaved v&d |GV lcestachicaistagod sy (Hatese e aslysalédbé utifaede
conpared to tin-plating, Wth but snmal| thicknesses a final silver |ayer
on copper aFC%@é'Epr'H%é‘Pgtar%W PHARMRCGGHY beprds gy 8wjtaloRss27 PCTI EPO3/ 05585 5
nodern fgnal |ayer. Mre specifically, silver layers may not only be
utilized for soldering applications but for bonding applications as well.
Furt her nor e A mhthed of| cpping leadftanhes/endiother gldaniosiraponeds vdtharilver iso t hat

they may al be ut.ili ze t or, ntact,s pn. _printed circuit boards
and swi tche?gsg%ﬁdﬁbt%%g@itergc&%igrltﬁﬂ{'gg%f r ?El'éc?fgd’(%&ﬁé?dgrl'eé%{nrlgni C
conponent s Wirétteditb Vies ptestredi@sattidiedbstrateh Soaféat with abin Hmld4obger The

met hod di sclgsed therein is directed to the pre-treatnent of substrates

coat ed wi t hPHOR i SIVET FaPQtitienplerch pharge tiegstarroastiofnei9sdie PewosRiugh
char ge an A i ot . AN S § W hi gh
bond st | angrc hE SR o BAARHERREE T St RNicn b Rlaieahd, I
conpounds t hentainsgeyclibepepiounds theliimgs thetdnf dueleyihgrethicuieyahe oddicalaf

general for Ia-NG%p)é- S).7 N 2y (%nszrein R and 2| e ch
hydr ogen, aﬂyeag%nﬁrg rﬁ'b’ T’N(Ehﬁéﬁvl\l -Ol%w'er% rd trr(’)%f ﬁ‘? Eg cunent,
hydrogen, an alkyl group or an allyl group. According to this document,
examples of these compounds include 2-imidazolidinethione, barbituric acid, 2-
15  thiobarbituric acid, 1-allyl-2-thiourea, 1-phenyl-2-tetrazolin-5-thione, 2-thiourasil,

4-thiouramil, and their derivatives.

The known methods for depositing silver onto copper are based on the so-
called charge transfer method according to equation A:
20

Cu+2Agt —» Cu?*+2Ag A

The silver layer can be about 0.2 um thick. It protects the copper from
oxidation. The silver surface furthermore allows multiple soldering steps. The

25 layeris planar and is also suited for press-fit securement by which the
connecting pins of electrical component's are mechanically pressed into the
holes provided in the printed circuit board in an effort to make an electrical
contact with the circuit structures. Even after ageing heat and vapor treatment
of a printed circuit board provided with silver surfaces, the results as to

30  solderability could be compared to those of a classical HAL surface.

A plurality of methods of producing silver layers on copper surfaces have been



exanpl es of these conpounds include 2-im dazolidinethione, barbituric acid,
2 15 thiobarbituric acid, 1-allyl-2-thiourea,

1- phenyl - 2-tetrazolin-5-thione, 2-thiourasil, 4-thiouraml, and their
derivati vewo MBhesznown net hods for depositing silver ontoPClERIenssas e based
on the so- called charge transfer nethod according to equation A: 20
Cu+2Ag+ - Cu2+ +2Ag A The silver |ayer6can be about 0.2 pmthick. It
protects the cogper from oxidation. The silver surface furthernore all ows
mul tiple sduRd ®4 steps. The 25 layer is planar and is also suited for
press-fit securenent by which the connecting pins of electrical conponents
are mechanically pressed into the holes provided in the printed circuit
board in arnef E(i)edtrotoberrale@camm €1367) cadlumedi®, pabewidbk8g, varicus aqueous

structures ve fter eat  an or treatnent of a printed
i rouit bohaTeruTpaEadPhY 3ehcin 3 pitBeh e TRleS onConsly SLgESS
sol der algi | idrg &ﬁrﬁﬂéﬂe@ﬁﬁ@ﬁ&ﬁs&%n‘té}ntamﬁéni@f sifvef InftPb GRld ddtlursur face. A
plurality of methods of producing silver Iayers on copper surfaces have

been WO 03/thsyfiatepén axpeaugPsgs comainnmdpivehdaemide, sodigmetiqssitfataandoc.
I ndi a (196 s?odnd’rﬂ @E@pﬁ(ﬁ%gmés ?éo%@ e&a}i\bé’&&@giﬂ%ﬁﬁ%ocﬁf&éﬁ% 4 8 ikl OF M ng

tightly adheren orm siver a ers on surtaces are
conpar ed. Tamislihgef tenlagers @épusnteafrom these baths atae cmsér\&rddowccuhl osul fate.
An aqueous bath containing silver brom de, sodiumthiosulfate and sodium
hypophosphi§®¥®™as al so tested. According to this document, a dark

tarni shigng of the layers deposited fromthese baths was observed to occur
soon. 10 U. S. Patent No. 3,294,578 describes a nmethod of electroless silver

plating a Wt dlatent Newd, 294,578 descakesin urethoenof electolasagiersdating an of a
silver comlexw étﬂface, such as aluminum, utilizing a solution of a silver complex with
complexing agents in the form of nitrogen containing compounds. The
complexing agents suggested therein include, among others, pyrrolidone, for
15  example N-methyipyrrolidone, amides, for example dimethyl formamide,
anilines and amines.

The solderability of the silver layers produced proved still insufficient after_
storage. Therefore, various suggestions have been made to provide the silver

20 layers with an anti-tarnish:

Electroplating and Metal Finishing (1963), pages 336 - 342 suggests for
example to chromate the silver layers in order to, inter alia, enhance their
solderability after storage. Klein-Wassink's book “Soldering in Electronics”
25 (,Weichloten in der Elektronik") (1986), pages 191 - 192, mentions that the
solderability of silver coatings is improved by means of an organic protective

layer, through chromate passivation or by applying mercaptans.

DE-OS 21 16 012 describes a method for the surface treatment of metals that
30 are to be soldered. For this purpose, an agent containing at least one imidazole
derivative is applied. Although this document is substantially directed to the

surface treatment of copper or the alloys thereof, it mentions in an example,



conpl exi ng agents in the formof nitrogen containing conpounds. The
conpl exi ng agents suggested therein include, anong others, pyrrolidone, for
15 exanpl e N-nethyl pyrrolidone, am des, for exanple dinmethyl fornman de,

ani | i nes andD edtiowe3. The sol derability of the silver | ayePGI/ERMHE82d proved
still insufficient after storage. Therefore, various suggestions have been
made to provide the silver 20 layers with an anti-tarnish: Electroplating
and Metal Finishing (1963), pages 336 - 342 suggests for exanple to
chromat e t hernsingwathetsajtee freatment dé silvay,asi mpespaabioay treatnserderibht r

sol derabi |'i Ly af.ter storage. Klein-Wassink's book "Soldering in

El ectroni cs® léigneg Wei chloten in der Elektroni k") (1986), pages 191 - 192,
mentions that the solderability of silver coatings is inproved by neans of

an organic protective layer, through chromate passivation or by applying
mer capt ans. EIBEO B/ BE01BT descriresc rr@gao%fomlam 3 grinterecisyit paaed %/Y eat nent of
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board by 5 applying onto the copper areas a |ayer of silver Dy y
char ge tran5T®¥E SPERiically a0 aeidhandhe saltathereqf, aolycamhoxylicadids Merg agent s
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phosphate ester, triazole derivatives, more specifically benzotriazole as well as

15 substituted tetrazoles.

EP 0 797 380 A1 discloses a method for enhancing the solderability of copper
surfaces, more specifically of printed circuit boards, in which a silver layer is
applied to the surfaces by charge transfer pfior to soldering. The silver layer is

20 formed by contacting the surfaces with an acidic plating solution containing a
silver imidazole complex. The preferred source of silver jons used is silver
nitrate.

U.S. Patent No. 5,733,599 describes a method for enhancing the solderability
25 of a surface in which a copper-plated printed circuit board material is at first
coated with a layer of silver by a charge transfer reaction, another metal layer
being applied to said layer of silver, seid metal being selected from the group
consisting of gold, ruthenium, rhodium and palladium. The silver plating
solution preferably contains silver nitrate, methane sulfonic acid and histidine in

30 orderto achieve enhanced solderability of the surfaces.

U.S. Patent No. 5,935,640 also describes a method for enhancing the



am nes, purines, N-acyl derivatives of sarcosine, organic polycarboxylic
acids, imdazoline, alkyl imdazole or alkyl benzyl imdazole,

benzi m dazol e, phosphate ester, triazole derivatives, nore specifically
benzotri azoweosas4szel | as 15 substituted tetrazol es. EP OPGBEP038LSA

di scl oses a nethod for enhancing the solderability of copper surfaces,
nmore specifically of printed circuit bodds, in which a silver layer is
applied to the surfaces by charge transfer prior to soldering. The silver
| ayer is 20s¢lgeradiitypf @c&wﬁ@@enmyhﬂmheuﬂwaeesumq@ efra anmtadclrpxmaboagj
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15 EP 0 795 043 B1 describes a method of manufacturing a protective coating of
silver on a substrate having a metal surface, said substrate with the metal
surface preferably being copper clad printed circuit board material. To obtain
the silver layer, a silver plating bath is used that relies on a charge transfer
reaction ahd that contains, among others, silver nitrate and a multidentate

20 complexing agent such as an amino acid, a polycarboxylic acid, a crown ether
and/or a cryptand as well as an anti-tarnishing agent. The anti-tamnishing

agents mentioned are an ethoxylated alkyl amine and triazole derivatives.

In Patent Abstracts of Japan regarding JP 03-002379 A there is described a
25 method of forming a layer of silver on copper, the plating bath containing, in
addition to silver nitrate, an alkyl imidazole compound and an crganic acid or

the salt thereof.

In Patent Abstracts of Japan regarding JP 06-299375 A there is furthermore
30 described a processing method for metallic surfaces in which silver is /.a.,
coated with a chemical conversion layer in order to achieve improved

resistance against humidity, chemical influences and action of heat, thus



10 silver nitrate, an acid and an additive, selected fromthe group
consisting of fatty' amnes, fatty am des, quaternary salts, anphoteric
salts, resinous amnes, resinous am des, fatty acids, resinous acids and
possi bl y i WQ8¥Wk87 benzi m dazole or derivatives of inm dBGHERISOIBSEP 0 795
043 Bl describes a nethod of manufacturing a protective coating of silver
on a substrate having a metal surface, s@id substrate with the netal
surface preferably being copper clad printed circuit board materjal. To
obtai n t he &fihanging thy sp!des pesneviigs. Jiodormghe shamical gapversipatlay s on a

charge tr a”?il%r sUrRRetit Bn@Rethd Dk aﬁ%h@wﬁ sol%'ﬁeﬂ%oﬁféﬁ‘ﬁﬁge ®irl48Ve Bf trate

t.
and a nultidentate 20 Icorrpﬁ%em ng agent' such as an amno acid, a
pol ycar boxyliimidaasiel, a crown ether and/or a cryptand as well as an
anti-tarni shing agent. The anti-tarnishing agents nmentioned are an
et hoxyl ated al kyl am ne and triazole derivatives. In Patent Abstracts of
Japan regar diigkddivi) sredf B9 r Anhaeding tife ssigerabhiedon coppenairfandsgfredantm ng a
| ayer of silver on copper, the plating bath containing, in addition to
si i ver nitrdhe foligving dipadvantd@ssl e conpound and an organic acid or the
salt thereof. In Patent Abstracts of Japan regarding JP 06-299375 A there
is furthernore 30 described a processing nmethod for netallic surfaces in
whi ch si | verThethickaess of thet @demiaybrsefoohedite ahhance solgerabilitniseaftanndr der to

achi eve i nproved esi stance. against hum dity, .chem cal influences and
action of héﬁ?“l,eomhﬁgrst %Pi%ﬁ%f?b%\(ﬁ'ﬁ'@%ﬁﬁé%é%pr@“@ﬁh%ﬁﬁilﬂge??'he sol der
propertif@s. Jatic@amy il e@aeBicE alniekygeIdShof phfyRlim hyksr. Irbsdrieicases.f ace s
contacted with an agueous sol ution contai ni n% a derivative of 1imdazole. 5
The known medaisiisients arertfesdn ielf Rrodystier thadineve @ stictspeRct Higces

pr esent the@i

formed to enfl \&'ngmgg?g‘éérjgﬁ%@}oﬁgﬁp{%ﬁﬁﬁg{%&ﬁwg\{lﬁrflnﬁ??)ﬁg‘%%ﬁ (ltar?élie'zsnay

be very expdagensgotmedamdnsiesutad o Indgkertsond connections and electrical contacts.

156  To overcome these drawbacks, DE 100 50 862 A1 suggests to utilize a bath
and a method for electroless silver-plating surfaces made of a metal less noble

than silver by a charge transfer reaction, more specifically on copper. The bath
contains at least one silver halogen complex but no reducing agent for silver
ions. The silver halogen complex is the silver bromine complex of preference.

20 However, the bath described in this document has the disadvantage that
benzotriazole compounds must be added in order to achieve good soldering
results. The benzotriazole compounds serve primarily to protect the silver layer
obtained from oxidation and from the risk of corrosion products forming from
the atmosphere in the form of silver-sulfur compounds for example. After a

25 .- short period of operation of the bath, the silver layers produced were slightly
yellowish and had no longer the white silver color they had when the bath was
freshly prepared. This discoloration of the silver layer increases after an ageing
treatment with dry heat (4 hours, 155°C) and with a vapor test (4 hours, 100°C)
and is considered to be responsibie for the strong reduction in solder wetting of

30  the silver layer.

The drawback of all the known methods utilizing the anti-tarnishing compounds



10 particularly in the case of a nickel-gold or a palladiumlayer. In sone
cases, constituents are used in their production that have a serious

i npact on the environnment |ike e.g., solutions containing chromum (Vl).
In many caswsg3/mée7 | ayers fornmed are not suited to nake BOIMEP0G/OFSARCE i ONS
and el ectrical contacts. 15 To overcone these drawbacks, DE 100 50 862 Al
suggests to utilize a bath and a nmethodOfor el ectrol ess silver-plating
surfaces nmade of a netal |ess noble than silver by a charge transfer
reaction, nbeatiopedis ihehtheserrgartppes germrellbia e utiiredan melagive highst one

si | ver hal ogcRmRbAY D Hlad)% BEUNMRAGNE G A arobL ¥GLie, kNS 2gERE, o1 | ver
hal ogen conplex I's the silver bron ne conpl ex of prererence. wever,
t he bath debave bedmpact tn thederviremntertals furtrerdicsa duaetadjeadvaatageous

benzotri azo) e, coppounds st be added_.in order to achi.eve good sol dering
results. Thgaﬁ%%@?iﬁﬁﬁh%aﬁﬁﬁ}%s Lmed e Wﬁ?"p?é V‘f‘%‘ %F%?té’@éy ’fol’fgﬁsi | ver
| ayer apt agneskd oat®yeA@tteen and fromthe risk of corrosion products
forming from the atnosphere in the formof silver-sul fur conpounds for

exanple. After a 25 short period of operation of the bath, the silver

| diis | gh EEREY: | white sil
col or "t hey asiateieRs Rid BhlekY oL e B A AMOR0 dBid B IRE IR P on' o ©
t he silver epdonedanddsesoafdpecifenllppvity a batasmeamethbl olsyvdreat (4

hours, 155C), and.with a vapor, test (4. hours, 100C .and is nsi dered to be
e onsi b PRSI b e CRATER tneTen Tt ine REers g PRSI RETRTS vor
layer. {the &y Rwhagkeplayatd thfahexﬂﬁaﬁggo i0Egatd kéléé%ilﬁ;ﬂfﬁgﬁf‘é&hésﬁ‘éﬁ!i shing

conpounds WO 03/104527 " PCT/ EPO3/ 05 10 nentioned is that these agents
are gener al 8yd thatisse poskibhekbndable rad ings-peargls withoutdhe Eireadynsnantiooeder to

becone effegti S, e aye i .an the
envi r onnent gﬁq"}t(&fj ﬁsﬁﬁlirﬁﬁ%urne&pm%\'/%{odsb%gg'\%ﬁt%%@%&@e r?lﬁgloalaﬂaq tgéégéﬁlggs es the
si |l ver | ayeost drderednditionprtioat ited lesd Impadt @nathe \eevirormagh Funtheyth@ce due to
dendrites. I_} i ? therefore th obé' ect of E he present i nvegt,i on to avoid the
dr awbacks Silverlayers are intended to have a smooth surface without dendrites.
15

The solution to this object is achieved by the acidic solution for silver deposition

by means of a charge transfer reaction according to claim 1 and by the method

of depositing silver layers onto metal surfaces by way of a charge transfer

reaction according to claim 11. Preferred embodiments of the invention are

20 recited in the subordinate claims.

Before the present invention of providing an acidic solution for silver deposition
and a method of depositing silver layers is disclosed and described, it is to be
understood that this invention is not limited to the particular process steps and
25 materials disclosed herein as such process steps and materials may vary
somewhat. It is also to be understood that the terminology used herein is used
for the purpose of describing particular embodiments only and is not intended
to be limiting since the scope of the present invention will be limited only by the
appended claims.
30
The acidic bath of the invention and the method of the invention are suitable for

electroless silver plating surfaces made from a metal that is less noble than



mentioned and to nore specifically provide a bath and a nethod of silver

deposition by way of a charge transfer reaction (imrersion plating) that

permts 10 to formsilver layers that exhibit properties of good

sol der abi | mo/g3/isght adhesi on, and that are possibly boreaintimsessds

non- porous W thout the already nentioned anti-tarnish conpounds having to

be utilized so that the nethod can be carlilied out under conditions that

have | ess inpact on the environnent. Further, the silver layers are

i nt ended to Fl@E CEhBRAGIMeAlfciecas Mmasiet frammodppeahy meamhef achatgeon to

this object j§ i b el ion.for sjlver . deposition by

nmeans of a cki?sgghtéragﬁgp é?hfrsehg% i%ﬂ*agg'iegdﬁ%thpge{eég%lygo&slnoéﬁagtgip e net hod

of deposi ti npdsicingeagdrayler thisocase, siealis suellisicely, byatieystahaimiyg kafigedt r ansf er

reaction acc%r](ﬁii ng t.[o)eéfl aimill. Pr ferrg_d epbodi nents_ of the invention are
HEPey] £65

20 recited i RY mEans 4 tharog rreRCHONeiththe metahiq BR of

provi di NG ancbal TneSlvirigfs bOftatiddvRnEIBRAR LHL @R bIAB RTTRHACL "
depositing silver layers is discl osed and eS(E)I’I bed,” I't 1 0 be

under st ood tIfguCehite meiakintsilver Wisilenibie rhetal teeble toatede cpppéri foubamplepzess
steps and 25_; ] di.s¢l osed herein,as such process steps and materials
may vary sosrrlem\i\lﬁ{tgfl égl{J%yi%' Fsciagcig)rﬁlggdﬂ&g 5‘?%@8”9%&9“?‘?@‘ ?‘eﬁ‘fﬁrﬁ]&?@{ﬁ/ used
herein is usaisbvef arid tsheisguive@sethel prdessy. MheNdeRABLITSLE & be BhasH et tedn! Y
and is not intended to be |imting since the scope of the present

i nventi on wi With BellveriayetuBh tpe myetehwirfagsge savereel witths cotingaus. aendi ¢ bat h
Ol onte ol T S4 ROS RVEr ARV Atk J\G Y BALE Radifi ! M RO be

el ectrol ess silver ating surfaces na m I's I'ess nobl e

t han WO 03/ 10a52i7s POTIbEPEBtOEE6RdMith silviey &ams swihat freadokcabdtipnsandsaces
made from copper, by nmeans of a charge transfer reaction. This neans that
the bath preferably does not contain any reducing agent. In this case,

silver is exgbbsky&dificall9! s adi@RoluTRINENG the@AEERE can be advantageously
utilized for manufacturing printed circuit boards. In this case, silver is deposited
15 onto the copper surfaces of the printed circuit board material. It goes without
saying that other applications are passible, for example in silver plating for
decorative purposes or in the manufacturing of coatings having the features of
extremely high electric conductivity like in wave guides for example.

20  Accordingly, the method of the invention more specifically serves to form
protective silver layers on copper surfaces, on printed circuit boards in
particular, to subsequently perform a soldering process, a bonding process, a
press-fit securement and/or to establish electrical contacts. The invention is
more specifically directed to producing pure silver layers.

25
The acidic solution for silver deposition of the invention contains silver ions as
well as at least one Cu(I) complexing agent selected from the group comprising

compounds having the structural element I:



and deposited by neans of a charge transfer reaction with the nmetal to be 5
coated. The silver ions contained in the bath, preferably silver(l) ions,
are reduced to netallic silver while the nmetal to be coated, copper for
exanpl e, | O &¥1827 aneously oxi di zed accordi ng to the reaRGL/ER3BIS8EquUat i on
A given herein above and is dissolved in the process. The netal surface to
be plated is coated with a silver layeridintil the netal surface is covered
wi th a continuous, non 10 porous Iayer of silver. As soon as such a | ayer
is achieved, the netal to be plated\s nojonger contacted with silver
ions so that the redox reaction ends. IVbr specifically, the acidic

solution and the nethod can be advant ly wutilized for manufacturing
printed circuit boards. In this Si I veY is deposited 15 onto the
copper surfaces of the printed ci rcurt board material. It goes without

saying that other applications are possible, for exanple in silver plating
for decorative purposes or in the manufacturing of coatings having the
features of extrenely high electric conguctivity like in wave guides for
exanpl e. 20 Accordingly, the nmethod of the invention nore specifically
serves to form protective silver |ayers on copper surfaces, on printed

circuit hoar uent | ferfarm a sol der | rocess,
a bondi ng prﬂieeg[s] 88'[” }%ﬁ%ﬁ%g?étgggﬁ$§§§ﬁtsoi%@ '%‘8 "é‘éetrﬁlﬁ’f’l \é(ﬁ'cbr%éfri cal
contacts. Thﬁelsﬂwemﬁraloélemnt o2 @@@eblywdr}g @ﬂh@cgrsgp bPtHY RNy pure
silver layers. 25 The acidic sol ution for silver eposition of the

i nvention cEGBRGHNGS: IR/ HYis Faes t%Com@IaXlr@sa@&ntlf@ésthe@fmecm(emt)ortedrrpl exi ng

agent sel ect ounds t he s ructural
S ement 1 - TR SR et BB BRES OV B BelbliF 5 e ol o g
agent in th%mouﬁe@r@@.uhltma cake!the df@r\éaﬂbhﬁﬁhedﬂéw@dlumglement Iis

10 extended as indicated herein after:

\_/

C\ B /C C\ B /C
/C——N N—2C

R—C C—R

I
15
wherein R may be hydrogen or alkyl, aryl, acyl or any other organic
moiety.

In some cases, the complexing agent belongs to the terroine group, the
20 compounds of which have the following structural element I* which may be

present in two mesomeric forms:



the structural elenent |, can preferably belong to the group of the
ferroine conpounds. In this case, the conpl exi ng agent has the afore

mentioned structural elenment |I. The conpl exi ng agent may possibly al so
bel ong to ™W®03/wegaroi ne group. In this case, the afore nePCT/BrRO3AsS8S r uct ur al
element | is 10 extended as indicated herein after: C Q \C-/ GCN N\
RCCRI1'" 15 wherein R may be hydrogernd3or al kyl, aryl, acyl or any other

organic noiety. In some cases, the conplexing agent belongs to the

terroi ne group, t 20 /arrpounds of which have the folwéovm ng structural
el ement |" which present in two nmesoneri c\f or WO 03/ 104527
PCTI EPO3/ 05585 13 Q CCN -ON // ~- CN &NC© \ 5 e conpounds

havi ng t he struz;t:w al igrreat e speewticabk) have ppnecof We
fol |l ow ng gener al structural\for%ae [l or I1": CR'/ MOQ A A 10 I1
00 ANNA C—N

7 4
”

5 The compounds having the structural element I more specifically have one of

the following general structural formulae II or IT":

CHh)M
N

10

II
15

Ir’

wherein _

20 (CHn)m is @ hydrocarbon bridge, with n and m being each independently

Qor1or2and

aromatic rings A and A' that are condensed with the base member



15 11" wherein 20 (CHn)mis a hydrocarbon bridge, with n and m bei ng each
i ndependently O or | or 2 and aromatic rings A and A' that are condensed
with the base nmenber WO 03/ 104527 PCT/ EP03/ 05585 14 C5N-NC5 are possibly
provi ded (w0 e®4nbodi mnent of the invention, no rings aPEI/ERSAEERSed with

the base nenber in the structural fornmulae Il and Il' such as in the case
of 2,2 -bypyridine, the structural fornul4e of these conpounds being 5 CN
N Il and 10 QO O NII,,, 15 if m= 0, there is no bond between the 6-

and 6'-C at ons of CsNeN@pare presilyrarayides uene gshadimaet efdle imfention, no

Cok and” () m 21 FERCRIR Sec Wit EpRF b Bper BB ot PR =G 1 o'

nor e subst it uent sang A's$uchiaNihghdeksy b lRybyp@idite, th6 ¥truck@dlioryliae o20
hydr oxy, al koxy, hal ogen, am do. In the structural fornulae Il and I1",
(CHn) m pr ef er abl ythese&emANERY IPe§iup i ke in the case of

1, 10- phenant hroline. Further, the rings A and A' can represent benzene
rings that are condensed with the base ﬁfﬁéus, C5N- NC5.

II"

and
10

O~

N N

IIIII

15 if m = Q, there is no bond between the 6- and 6'-C atoms of the CsN
base members such as in the case of 2,2'-bipyridine (cf. compounds
with structural formulae I1* and II"");
the CsN- and (CHp)n-moieties being unsubstituted or substituted with
one or more substituents, substituents being alkyl, aryl, acyl, carboxyl,

20 hydroxy, alkoxy, halogen, amido.

In the structural formulae I and I1” (CH,)m preferably is an etheny! group like
in the case of 1,10-phenanthroline. Further, the rings A and A’ can represent
benzene rings that are condensed with the base member CsN-NCs.

25
The acidic solution and the method are perfectly suited for coating copper

surfaces with a tightly adherent, bright silver layer. The layer preferably has a



25 The acidic solution and the nmethod are perfectly suited for coating
copper surfaces with a tightly adherent, bright silver |ayer. The | ayer
preferably has a WO 03/104527 PCT/ EP0O3/ 05585 15 thickness of less than 1
pm nore spazdFioerily ranging from0.2 to 0.5 pm This VvRCUEPROIISYer
depends, anong others, on the surface structure of the copper surfaces and
on the conposition of the solution of th&invention. The rougher the
copper surfaces, the thicker the silver |layers can be fornmed. The silver

| ayer 5 forrBi¥knescehierativant am more sracise!lnrenand&omrbated.q wat Thise

printed circgu ed Jn thi b er, r%onded
W t hout any%pl)l%%gp\g%ﬂ\r/%ﬁ%ér{ﬁ%’ g H’g%go#hérgmg? %?%@&gfﬁgﬁgj&g rquigef 8@%) onents
can be readidwfaceechdmrctiel gorppesisedof thesolutentditioe glveptiai. etheolugsepr ovi ded

in the printed circuit board., Mreogver, inted cijrcuit bgards that have
al r eady beer;[ﬁg&ﬁf)a‘é'f% af(?swhqwth"\{?gﬁﬂ%be §'B’|egkl'ye&°a%rbée r Bea?ﬂ‘_é‘?rﬂ?y?b
repair the beands i esntPnaiblad ndepeRYelandithes BRSITES tRAtaNL @aAtew diftuguch
silver layers neet all of the requirements usually placed on the printed

circuit tecHfjdetreptaddndpisdnaneen ¢an be selgettshantbizonsiedosithay@nysuf fi ci ent

| d wet ti ' : ' .fion Tabl e
ol der vl e afly 3o SRS o5k ORIl LoRBelBEg oD ¢
cont act har egseﬁlmniqmﬂkyd:uesi@ gm t@’és%wgiﬂplgltzet?hcgeggtcgﬁé&&nﬁhg]gﬁﬁfwnsi ve
tests showed.t t at hs described i ave a
t endency to %WH&/ ?é‘fi“ﬁ?@&f’@é %Wf%fc'éc‘%ﬁllﬂa{d%gﬁtgav%ﬁ%%@f Beenronteetedas
been aSSQn”ed/vitmﬁ’(ﬁuia@Q%rﬁéﬁ%'epé,dlé’ér%&a@faﬁwﬁ&lrré i%@%o‘éfr&shforr@%ﬁ?lé?r changes

t hat have been observed in the depositied silver |layer. These precipitates
possi bly are copper containing deposits which possibly contain the anti -

these 25 pr aa b aie mebRiso B Ria ek Biel ueRatiileo? tre
anti -t ar ni shieqgirerageist ssuabpipthoednprothedsrinted: tidcitteclenxiaopl Mokesdeziftaady,by
copper 1 ons tgfe%%mands placed upon sufficient solder wetting, also after ageing under
186  diverse conditions (see Table 1), are met. Also, the silver layers make it

possible to form electrical contact areas for producing switches and plug

contacts.

Comprehensive tests showed that the baths described in DE 100 50 862 A1

20  have a tendency to show precipitates after a short period of operation. It has
been assumed that these precipitates are correlated with the color changes
that have been observed in tHe deposited silver layer. These precipitates
possibly are copper containing deposits which possibly contain the anti-
tarnishing agents added to the bath. Not wishing to be bound by theory, these

25 precipitates may be hardly soluble copper compounds of the anti-tarnishing
agents. Said compounds could for example be formed by copper ions (for
example Cu’) formed from dissolution during the charge transfer reaction, said
copper ions reacting with the anti-tarnishing agents contained in the bath. This
more specifically applies to benzotriazole which, together with copper, forms a

30 complex that is little soluble in water. It is possible that such agglomerates of
the complex also form in the Helmholtz double layer on the surface that is

intended to be coated. Said agglomerates could then be incorporated in the



exanple Cu+) formed from di ssolution during the charge transfer reaction
said copper ions reacting with the anti-tarnishing agents contained in the
bath. This nore specifically applies to benzotriazole which, together with
copper, fomwso3aodd7conplex that is little soluble in watePCT/EROINSSPOSSI bl e
t hat such aggl onerates of the conplex also formin the Hel mholtz double

| ayer on the surface that is intended 16 be coated. Said aggl orerat es
could then be incorporated in the WO 03/104527 PCT/ EPO3/ 05585 16 silver

| ayer duri ngilgrilgyar disipasiilventepasitionhifshigeveretthe cageethetdhangd dhe@lor af col or
of the sil . t . Wl j f these
colored conp gb%ﬁﬁﬁgﬁ§§L@H§§§PP§39??§§%%@E?épﬁgkmaﬁﬁﬁ§%§§ﬂ§R% ating
procedur e promiptexes. conti nuous and non-porous coating on the copper
surfaces, the thus protected copper surfaces have good sol dering
properties even after a fairly long storage time under test conditions

usi ng hugr dic\tsnhé%ﬂ%émagé@tfoﬁﬁéd eesﬁﬁq)tr% QERIEY pvéae@hr@gidwe 4 ayetirfuceesi | y
form al t hough the thickness of the Tayers is preferably less than 10 1 pm

As a resul t anH&CEGIONOLS icoalig o e corPeturigcedppe thew Praieesd 6APPPI nt ed
ChocuLt boasfiabhala S beaheRhE oRRNEL e dh Liibcs YAy REESoRRRUAL U e, Of

the strip cCon ors prio (gle] ectrica nts to said
printed ci uadéettegbasnlditionss using ésmidityt fved/eoheatiot bxamelesundeneehictr edideof t he

bores and the ads, servi to electrically fasten the gl ectroni

conponent s, Paé/ﬁégﬁé%'g’! fgrqn 3?‘%@“%%_%‘? “B‘”@ﬁﬁ@ﬁm%@ge%'s\ﬁé‘?lf%fﬁiY &Sﬁrtﬁ?%ct ed.

~ Prior tegsihvgn- BEatdegi tRdiBofit s fhssHIHISHRE Bofhdt JipiRESbnHMded Y coat ed
with a solder resist that covers the printed circuit board except for

t hose regi oscuihbosidsihal kave besr predingpadrin this aey afier smrmdagtorepef Bent act ed.

oot or i des SiiP anstsfirs o & PRlnfog bR slefitRtBimbofne s St o o 1
si | ver | ayeeirtsit beatdsdgpesidsal timareof, bbth thepnstatecrppenf treclhores End taei di ¢
solution of the inyention ins at | east. one

I bl t Cu(l,
ool el o RB08 SR bt P BaTIR I AR e SOk Tle CPEPREehisp e PEST P HE, 1. 10-

15  strip conductors as well, are protected. Prior to silver-plating, the strip
conductors are however usually coated with a solder resist that covers the
printed circuit board except for those regions in which electrical components
are intended to be contacted. Accordingly, the layer of solder resist is usually at
first applied to the outer sides of the printed circuit board where it is patterned

20 and a silver layer is next deposited onto the exposed copper areas.

The acidic solution of the invention preferably contains at least one Cu(I)
complexing agent, selected from the group comprising 2,2'-bipyridine, 1,10-
phenanthroline, 2,6-bis-[pyridyl-(2)]-pyridine, 2,2-biguinoline (cuproine), 2,2'-

25  bipyridine-5-carboxylic acid, 2,2'-bipyridine-4,4'-dicarboxylic acid and 4,7-
dihydroxy-1,10-phenanthroline.

The concentration of the at least one Cu(I) complexing agent preferably ranges
from 10 to 500 mg/l, preferably from 50 to 100 mg/l and more specifically from

30 20 to 30 mg/l.

The silver bath contains the silver ions preferably in the form of a silver



phenant hroline, 2,6-bis-[pyridyl-(2)]-pyridine, 2,2'-biquinoline
(cuproine), 2,2" 25 bipyridine-5-carboxylic acid,

2,2 -bipyridine-4,4'-dicarboxylic acid and 4, 7-

di hydr oxy- wad@apssenant hrol i ne. The concentration of the aRCUER3058he Cu(l)
conpl exi ng agent preferably ranges from 10 to 500 ng/l, preferably from 50
to 100 ng/l and nore specifically from 130 20 to 30 ng/l The silver bath
contai ns the si I ver_ions preferably in the formof a silver WO 03/104527
PCT/ EP03/ 05585Wlex TdenpataxmaY iy SXaineeragniest 2 si¢@m1alog@hedmales si | ver

hal ogen co g f ro & Br2 ,
AgBr 32 AgB gélnﬂAé\ ﬁoré*spe%lpco aﬁ%@iﬁ@ﬁé Cbﬁﬁllé%@%} ggssuc zlris)js/f\?A\g/er
chlorine or rnattare:f Qoumm@thermmmmﬁm suoh ad sM)/ebe:hlurlnHm'e&ﬂver'ﬁodanSOduce t hese
conpl exes, the Z? GQrrespo ndj e i on and hal,i de |ons are brought

o ot ool MRS R E o) Toaibat S el aifiie s W8S, 27 € Pl oNITt

salt ing s@owes OndiRg RANEH T Joand REIIdEIOAE £ BRbIJHRS rédct kbrothed iefor! ) - 1 on
conpound and of the halide conpound, conplex anions formin the preferably

aqueous sol @xaomple bl@tdmg daileer(hsal withea hélidd eait imgg egjution dpe@nding PgX + nX-
AgX' '"+1 B, wherein on. The stabil,it I
her eases | A1 A GechiaT” EEaE)oh ropReTEd abd s R balih GBREUG.

conpl exes, %Bﬁ]pﬂmh%ﬁsjférrﬁm %r@fe%@l&aéau)éow%md%n% acosidhAce with the case
of the bronine conpl exes, the conplex anions are AgBr2 and AgBr32. To

produce thefthléﬂ\mg@lequahpm@(es, silver al kane sulfonate, nore specifically
silver t hane sul fonate, silver acetate or silver sulfate can be mxed in
t he agueous bath solution with the alkali or earth alkali halides or with

t he hydrogen halides in a stm& Qnejric 2Q ra (e g., 0.01 nol of Ag+
KPS e s PO

for 2 to 3 nol of halide), theé X ani ons 'y B

wherein X is a halide ion. The stability of the complexes increases in the
sequence Cl < Br < |. In the case of the halogen complexes, the complex
15  anions preferably forming are AgCly, in the case of the bromine complexes, the

complex anions are AgBry and AgBr32‘. To produce the halogen complexes,
silver alkane sulfonate, more specifically silver methane sulfonate, silver
acetate or silver sulfate can be mixed in the aqueous bath solution with the
alkali or earth alkali halides or with the hydrogen halides in a stoichiometric

20 ratio (e.g., 0.01 mol of Ag” for 2 to 3 mol of halide), the complex anions forming
thereby. These anions preferably also form when mixing the two species when
these are not mixed in the stoichiometric ratio. A source of halide ions is
preferably utilized in excess. For most applications, the silver concentration in
the bath is adjusted to approximately 1 g/l. The concentration may range from

25 0.1t0 20 g/l

In utilizing silver halide complex compounds that are brought into solution in an

excess of dissolved alkali halide, stable silver deposition bath solutions in water

are formed. In such a solution, the amount of free silver ions (Ag") is reduced
30 so much that stable silver layers with a high bonding strength are formed by

way of the transfer reaction between copper metal and silver ions. The



t hereby. These anions preferably also formwhen m xing the two speci es when
these are not mxed in the stoichionetric ratio. A source of halide ions is
preferably utilized in excess. For nost applications, the silver

concentr at Mho¥19452f he bath is adjusted to approxi mately 1PGV/ERO3/FHES
concentration may range from 25 0.1 to 20 g/l. In utilizing silver halide
conpl ex conpounds that are brought into'8ol ution in an excess of dissolved

al kali halide, stable silver deposition bath solutions in water are
formed. | n §0GHOES &6% glabkmio a¢ids sadhatithesilyardavers may alseme qeResited s reduced

30 so nuch m&g&%ﬁgt&tﬁqegf&iely%% id &Y&{c@}(%iﬁh a high bonding strength are

formed by transter rea on between copper netal and silver
ions. The WO 03/104527 PCT/ EP03/ 05585 18 solutions are stable to acids so

that the si | | be, d ited H aof bath i
Strongly aciieeha s uiPn Bk it o B Faaint 35 DIF 7o Preag T etm 0t o
7, prefegabkysf bﬁmélans%ftm-l Bdjubyndreass PhciEklorBRESS) SiGhraaths Hydeddgls or

bases) such as the hydrogen halides corresponding to the conplex anions,
i .e., hydrobslides ecrsesrpnding, i HEcomrienan@nanias-ohYdHparicsgadsidaci d, or with a

caustic al kall-ofal Qaagahﬁlor Hﬁﬁ&@g%g%’or%th!é]c 1R 6Pea]ré?ﬁ%’tlg?’dr ogen

hal i des, the”solution may cont er acids. In princip of the
known m neral acids and/or organic acids as well as the m xtures thereof

are suited. . In order to e certain that the printed circuit bpards can be
epeat ed y TESRRGEL G ALRTENGe WodurtREn e riR: e Rk s “ber ng
af f ect eqo t hetrdtyaciddien pliRcipid, vl lof tyRiGwh BinGel 8igs abe/doreafit bideuss and
non- por ous as possi ble, since otherwi se one single soldering procedure may

cause oxi deWedhas hetrpiduemtknreot ae wiilgdsed areas of the copper surfaces. In
this case, the ability of the overall surface to be wetted by the sol der
woul d be considerably affected. Normally hence, the deposited silver

| ayer s nust liherdezltatmatad gertdin ctkatitne pridied dicuitdeardsear? berrepedatediyent s

ment i oned. Icgn%a%?e&) \r/vﬁﬁ(?i%idcsa}) gerhv\?i%\{.l?rthe gcialldgrearbil;ti?1 %girnsg a ec?e'd2 thte?eby, the
15  silver layers formed must be as continuous and non-porous as possible, since
otherwise one single soldering procedure may cause oxide layers to form on
the exposed areas of the'copper surfaces. In this case, the ability of the overall
surface to be wetted by the solder would be considerably affected. Normally
hence, the deposited silver layers must be relatively thick in order to meet the
20 requirements mentioned. In the present case however, silver layers of 0.2 to

0.3 um thick suffice.

To this purpose, the acidic solution of the invention may also contain one Cu(ll)
complexing agent. The complexing agents of preference belong to the group
25  comprising polyamines, amino carboxylic acids and amino phosphonic acids.
Ethylene diamine, alanine diacetic acid, amino trimethylene phosphonic acid,
diethylene triamine pentamethylene phosphonic acid and 1-hydroxyethylene-

1,1-diphosphonic acid are particularly suited.

30 In using the Cu(II) complexing agent, the formation of gaps and pores in the
silver layer is further reduced. As reaction products from the copper originating

from the charge transfer reaction particularly gather in the pores of the silver



0.3 pmthick suffice. To this purpose, the acidic solution of the invention
may al so contain one Cu(ll) conplexing agent. The conpl exi ng agents of
preference belong to the group 25 conprising polyam nes, am no carboxylic
aci ds and a0 esaoghaosphoni ¢ aci ds. Et hyl ene di am ne, al ani M&E/ER0AQEBY c aci d,
am no trimethyl ene phosphonic acid, diethylene triam ne pentanethyl ene
phosphoni ¢ aci d and 1-hydroxyet hyl ene- [191- di phosphonic acid are
particularly suited. 30 In using the Cu(ll) conplexing agent, the formation
of gaps and |pygreths trandfer regriiveis Aragwnably Hinderadr The §ucEdcomplexdutt i on

d f h i_qi ' . h i
Parti cul ar | ASAE RBFOPRY CRESa CEter S HEles M r (% 20837 BerrERhs) osses
19 | ayer, thedsrerehetioniedstiiitated.s presumably hindered. The Cu(ll)

conpl exi ng agent obviously serves to better solubilize the Cu(ll) ions so
that the charge transfer reaction is facilitated. 5 In adding the Cu(l)

conpl exi Ry ; cldi i of. .t y i ty} rate
o Teducsd. TreginE IS ErdthfieRfly dhehPiOhe e BUERbY B tng Penfiaf heo
t;agsger r eﬁl_iaﬁli(wrabé tshieldu5e_edm'lhgéﬁ@(@gplahhej&pﬁjsEtMersﬁiveﬁ bﬁg/@y@fsi dhegge | ayer

of 0.6 pmthick_on copper. is obtaine en t sol_ytijqon dpes not contain
any Cu(l) CRRFTEXEAGHAGWIRIN & MEUeS ék%é%’!ip?@?ﬁ‘r@d?jg"[@dgt%s'g’.eﬂ'Eﬁ’l’?\r ter the

addi tion of o.égun%?tm%eﬁcgp&éri?bet@nﬁéa WchIhe 8SRINBA Boek MoREghtath &g Cu(l)
conpl exi ng agent, the aspect of the layer Is enhanced and the tendency to

f or m dendr i t@s(I) sompléningcagent, theifidgnasisas aeduwtied te @ 4iunvafterf therasdittareatt | on,
even |ight mcroscope exan nation hoqws uni formcrystalline silvyer |ayers
wi t hout anyr%E}gd‘Pfizc’ &'pirﬁp%i%%?mp?%gn@gﬁm% egq(iﬁbqrﬂplgﬁwgﬁﬂ%’é’_rtgﬁi ity
of such | ayeiolf OMRM lajeid Ehhd Rl arlPihel bR BFohdenbtiedl rpaudded
circuit boards. To this purpose, the concentration of the Cu(l) conplexing
agent is i ndnesdwthermsidic solutipe ohtheuinvertion, 2venliphbyidroseape examisaieed to

10,0 100, Moy I B S ARG gAY, 2 et L

15 However, Ithe bonding strength and solderability of such layers proved
insufficient for use in the industry of printed circuit boards. To this purpose, the
concentration of the Cu(I) complexing agent is increased. For, if the amount of
2,2'-bipyridine is increased to 10 to 100 mg/l, the silver layers obtained are
tightly adherent. Light microscope examination with a magnification of 500 to

20  1000.times. shows a compact-grained layer; dendrites cannot be observed
under these conditions. Microscope examination does not show any pores so
that no exposed copper areas are to be seen. However, under these
conditions, the average thickness of the silver layer is further reduced to 0.2 to
0.3 um. Thus obtained silvery bright silver iayers still pass the necessary solder

25 tests without any problem even after having been subjected to dry heat and to
a vapor test. The necessary storing properties are thus guaranteed. An optical
discoloration of the silver layer after the ageing tests described herein above

was not observed; even after ageing the layers were bright and silvery.

30 The acidic solution of the invention can additionally contain at least one
surface-active agent, a polyglycol ether for example such as a polyethylene

glycol, a polypropylene glycol and/or a copolymer or a block polymer of



20 1000.tinmes. shows a conpact-grained |layer; dendrites cannot be observed
under these conditions. Mcroscope exam nati on does not show any pores so
that no exposed copper areas are to be seen. However, under these

condi ti ons WQ p#108522r age t hi ckness of the silver |ayer is PUWERSOSBRduced to
0.2 to 0.3 pm Thus obtained silvery brig t silver layers still pass the
necessary solder 25 tests w thout any probtem even after having been

subj ected to Q‘rhﬂﬁ?%}(,@d?g”[@erggy’%ﬁg%{:%@;f The necessary storing

properties are ar an di scol oration of the silver
| ayer after the ageing tests described herein above was not observed; even

after ageing the |avers re . hright and silvery. 30 The acidic solution of

the inventi on’grcea?r?r%éﬂ ?§ %ﬁaﬁol"'gloé‘d%tt%‘? Hvantiorgaf perreedsaf fodewsact i ve agent,

a polyglycol ether for exanple such as a polyethylene glycol, a

pol ypr opyl_ene %I, ycol and/or a copolynmer or a block polynmer of WO 03/104527

PCT/ EP03/ 85585 Sihees salltris (dissevgidyin svatemandhthepsdiietion igltyemheatedepacatlicmteof t he

solution of t j as _follows:. 5 silver salt is

di ssol ved in ‘ﬁétﬂéﬁ”?ﬂ% ?ﬁé’%?é”ﬁ{'?’gﬁﬁﬁé" R nlfal 4 Gerctanpateous: pe
formation of hywsogemphiide swiution abeir examphl &dddd hakiifingande apycrgMeous

hydr ogen hal i de,.sol uti o re for exanpl e added by stirring. The order of
addition can aaqedétborb%a'? é@@&&@ve@eﬁﬁf @%ﬁ?*@é@f@ tthe gidverihalide firsiifores f i r st
fornms ther elifierdByt Bubehdbr@einbicAdigssh HEas id Lde, i
further added, teﬁg 10, codror%I_ g'g& gﬁ\%ﬁ?a&ﬁ%#éﬁﬁésgg?t?%f'@éfsn#&gtr’?ggé@fg%qlgﬁe

sol ut i on,!Of orGAMRYeX RBICEhhichgis|spiblain aradguetnsosdltiorf, fomming ehdrabis
according to the invention onto the copper surface at a tenperature bel ow
20C. The deposition rate is influenced by the tenperature of the solution

and the si| veilveoaiready depositsi from tHdBaths 22R6FMd ROtHeQRPSHHRINW o te
preferably adjusted i.n a ragegf'ﬁ from35 to _50C._~The thickness required for
the silver | &PEPSlSUERGH BhRFMpergturebployn 8P iC+ Theedepagition rate istinflaenasidnut es,

a silver |ayey tak tmpetftufe &tﬁ@sb@tﬁh drdl tqﬁ%ﬂ%rligﬁei gon;@rﬂl:aei[o%ih?t hi s

solution is perfectly suited for horizontal prin Ccrrcui ard
1 operating temperature is preferably adjusted in a range from 35 to 50°C.

The thickness required for the silver layer is achieved in a very short time.
Within 1 to 10 minutes, a silver layer of 0.2 to 0.5 um thick is deposited.
Therefore, this solution is perfectly suited for horizontal printed circuit board

20 production. The choice of the acid and of the pH also determine the plating
rate.

To carry out the method of depositing silver layers onto metal surfaces by way
of a charge transfer reaction, the acidic solution of the invention is prepared

25  and the metal surfaces are brought into contact therewith. Usually, the printed
circuit boards are suspended vertically and immersed into the tanks provided
for the purpose and filled with the processing fluid (immersion technique). As
an alternative, processing plants may be utilized in which the boards are held in
horizontal position and through which they are conveyed in horizontal direction

30  (horizontal technique). In this case, the processing fluid is delivered through
nozzles (spray nozzles, jet nozzles, flow nozzles) to one or both sides of the

surfaces of the boards conveyed and guided by means of appropriate



20 production. The choice of the acid and of the pH also determ ne the
plating rate. To carry out the nethod of depositing silver layers onto
nmetal surfaces by way of a charge transfer reaction, the acidic solution
of the invay@d®r4323 prepared 25 and the netal surfaces aPEI/BROGOFEE | nto
contact therewth. Usually, the printed S rcuit boards are suspended
vertically and immersed into the tanks p dvided for the purpose and filled

with the pro i Ui i i hni gue).. a | ternative,
orocessi ng. pran g, edhe (ST BB i Rofetabdint b arna orn rco

hori zontal pbsicohveyeanttrougtotighplaht intveritey pakisios MNKMENRshthNikeELZ 8At al
direction 30trérq cgl,%ont al technique). In this case, the processing fluid is
del i vered throuégjliu 'nozzl es (spray nozzles, jet nozzles, flow nozzles) to
one or both sides of the surfaces of the boards conveyed and gui ded by
means of Cﬁapp Qprjate WD 03/104527 PCT/ EPO3/ 05585 21 conveyi ng neans
(rolls, an%@&. tos{iverelafipithe woapeps ifacss, theearbeaads prerablyssieared andveyed

th h th LA j.cal LiLon in.horj |, directi f

ransnort | 5ouened it 8iddrdd edhanits oA bS ShERRh B 468 SR i es b dtear o

preferably c$upnuet Aamacidicqurgbessiel b@ﬂu%rﬁiebnﬁaﬂwi@@B@r‘?@&-b&ﬁ/%é‘%aﬁl%?ngt h
sol u

of the silver_layer, on.th support._An acidi c processing I on
cont ai ni ng sUFF A Ig-bfcﬁl@égaf@%ﬂlﬁénWﬁy”‘@r's ngk alpgstletebengpressayetiotgh if¢cheani ng.

This is not thaghwiert haRaRasERDE BAKOL el %ﬁng.oafds were handl ed
properly prior to silver-plating. 10 If neceSsary, the boards are then

rinsed t'0’ renove residual cleaning fluid from the copper surfaces.

Thereafter, I r r hened w th hem cal, etch 15
Ther eat Ler 1 pbaRReing WoLASE S RE ROV NERSEE 10 R gl aleh
board techrthgqueppaysiréacds.|i zed such as an acidic solution of sodium

peroxo disulfate or an etch solution of copper(ll) chloride. After the
treatment with the etch

Thereafter, the copper surfaces may be roughened with a chemical etch

15 solution. For this purpose, etch solutions in use in the printed circuit board
technique may be utilized such as an acidic solution of sodium peroxo disulfate
or an etch solution of copper(II) chioride. After the treatment with the etch
solution, the board is usually rinsed once more prior to contacting it with the

~ acidic silver plating solution.

20
Once silver-plating is completed, the board is generally rinsed again and then
usually dried.

The following examples serve to explain the invention in closer detail.
25

Comparative example 1:

320 g of sodium bromide were dissolved in 1 liter of water. Then, 3.6 m| of a 38
percent (w/w) solution of silver methane sulfonate were added. Upon

30  dissolution of the precipitates, 30 mi of a 50 percent (w/w) solution of amino
trimethylene phosphonic acid were added and the pH was adjusted to 5.5 using
caustic soda iye. The clear solution was heated to 50°C.



solution, the board is usually rinsed once nore prior to contacting it with
the acidic silver plating solution. 20 Once silver-plating is conpleted,
the board is generally rinsed again and then wusually dried. The follow ng
exanpl es say@es/t0a528xpl ai n the invention in closer detail.PCRBPIZOABar ati ve
exanple 1: 320 g of sodium brom de were djssolved in | liter of water.

Then, 3.6 ml of a 38 percent (ww sol on of silver nethane sul fonate
wer e added. Upon 30 dissolution of the precipitates, 30 m of a 50 percent
(ww) solution of amno trimethylene phosphonic acid were added and the pH

was adj ust ety ban@dﬁzinwitrm@ara:wastét@w@o@ﬁn%ﬁﬂ-ac@@ géhﬁiah c_ﬁ;@b%bhﬁgewtﬂ@ hteaL eg
printed Cifrcul oar was etcne

to 50C. WO 0@/@\94527 PgT/raD 3/ 05585 22 0 |
usi ng an aciUFEaS NSEERNSF NeBdMIMATRRY HX03 min §UP the sliveribadrRANd t hen

i mer sed f oroodndbfion BE Mel f18tiS ﬂ)ﬁé%%s?,a}fw@’chiyﬂﬁ’éks %ﬂ?%ﬁéﬂ%y%{)wé@@.ﬂﬁt ing

i
process, the thickness of fgthe silver layer was nparative
Exanple 2: 1.0 g/l of benzotriazole was additionally added to the bath

pr epar ed accgéﬂip%gaté%%gggﬁqéggi ve exanple 1. The printed circuit board was

treated |ike exanple 1. After 3 mnutes treatnent, the
t hi ckness of the silver layer was 0.2 pm Exanple 3: 15 30 ng of
2,2"-bipyridine were added to a bath prepared according to conparative

exanpl e 1. A-pdilifégnepirigare warnddiliprallyraddeceiartba bath Besparedaacarding
conpar at | ve 1§ fpiatveAthrhHEN . Treiintdd 8hEch bBalki\as Bbitdedh the

i nvention.
10  comparative example 1.

After 3 minutes treatment, the thickness of the silver layer was 0.2 um.

Example 3:

156
30 mg of 2,2'-bipyridine were added to a bath prepared according to
comparative example 1. A printed circuit board was pre-treated as described in
comparative example 1 and then silver plated in the solution of the invention.

20 A silver layer of 0.25 um thick deposited within 5 minutes.
Example 4:

10 mg of o-phenanthroline were added to a bath prepared according to
25 comparative example 1. A printed circuit board was pre-treated as described in
comparative example 1 and then coated with silver in the solution of the

invention for 7 minutes.

The thickness of the applied silver l[ayer amounted to 0.25 um.
30 '

The results of solder tests after different ageing conditions are listed in Table 2.



20 A silver layer of 0.25 pmthick deposited wthin 5 mnutes. Exanple 4:
10 ng of o-phenanthroline were added to a bath prepared according to 25
conparative exanple 1. A printed circuit board was pre-treated as descri bed
in conpar X0 waoenRanpl e 1 and then coated with silver in RCEERINEBS on of

the invention for 7 mnutes. The thickhress—of the—appt+edrs+yer | ayer
amounted to 0.25 pm 30 The results of solder jtests after {diffierent ageing
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Patent Claims:

1. An acidic solution for silver deposition through charge transfer reaction
containing silver ions and at least one Cu(I) complexing agent, wherein
5 the Cu(l) complexing agent is selected from the group comprising

compounds having the structural element I

N_ 7/

c—¢C
/N __
10
1
2. The acidic solution of claim 1, wherein the compounds having the
structural element I have one of the following general structural
15 formulae I1 or II*:

11

20



containing silver ions and at |east one Cu(l) conplexing agent, wherein 5
the Cu(l) conplexing agent is selected fromthe group conprising conmpounds

having the structural element | C-CNN 101 2. The acidic solution of
claim 1, w0 e¥Ww4fie conpounds having the structural el eR€HWEPU3/OB®Ie one of
the follow ng general structural 15 formulae Il or I1': (CRh)" MNN |1

20 WO 03/ 104527 PCTI EP03/05585 25 0 0 MN al I1' 5 wherein (CH ,),, is a

hydr ocarbon bridge, with n and m bei ng each i ndependently O or 1 or 2, and
the rings A and A being, in the gengékal formulae Il and I1",

aromatic rings that are condens : S C5N-NC5. 10 3. The
acidic solution according tp any\«a 0 edi ng™¢l ai ns, wherein

(CH ), is an ethenyl group.{ 4A The ag{di ,@merding to any one of
the preceding clains, 15 whgreinAhe rings A and\A" ‘arg benzene rings that
are condensed with the base

5 wherein
(CHn)m s a hydrocarbon bridge, with n and m being each independently
Oor1or2, and
the rings A and A* being, in the general chemical formulae II and IT’,

aromatic rings that are condensed with the base member CsN-NCs.
10

3. The acidic solution according to any one of the preceding claims,
wherein (CHp)m is an ethenyl group.

4.  The acidic solution according to any one of the preceding claims,
15 : wherein the rings A and A’ are benzene rings that are condensed with
the base member CsN-NCs.

9. The acidic solution according to any one of the preceding claims,
wherein the at least one Cu(I) complexing agent is selected from the
20 group comprising 2,2'-bipyridine, 1,10-phenanthroline, 2,6-bis-[pyridyl-
(2)]-pyridine, 2,2"-biquinoline, 2,2'-bipyridine-5-carboxylic acid, 2,2'-
bipyridine-4,4'-dicarboxylic acid and 4,7-dihydroxy-1,10-phenanthroline.

6.  The acidic solution according to any one of the preceding claims,
25 wherein the concentration of the at least one Cu(l) complexing agent

ranges from 10 mg/l to 500 mg/l.

7. The acidic solution according to any one of the preceding claims,

wherein the silver ions are contained in the form of halogen complexes.



5. The acidic solution according to any one of the preceding clains,
wherein the at | east one Cu(l) conplexing agent is selected fromthe 20
group conprising 2,2'-bipyridine, 1,10-phenanthroline, 2,6-bis-[pyridyl
(2)]-pyridiw@g3/®4327- bi qui nol i ne, 2,2'-bipyridi ne-5-car boxBCT/EPIIOIES 2, 2' -
bi pyri di ne-4, 4" -di carboxylic acid and 4, 7-di hydroxy-1, 10- phenant hrol i ne.
6. The racidic solution according to any<dne of the preceding clains, 25
wherein the concentration of the at |east one Cu(l) conpl exi ng agent
ranges from10 ng/l to 500 ny/l. 7. The acidic solution according to any

one of the precediTRg foidié @alutiowaee@idm%ﬂaeaég bvebf iHRNSredé@ingerimsned in the
form of hal ogen conpl exes. WO 03/1045 PCT/ EPO3/ 05585 26 .8. The acidic

sol ution accor di n§heceiaile sierdng #e gandaiead iy tha BIrmsof braminesamplBEeSi | ver
ions are contained in the formof brom ne conplexes. 5 9. The acidic
solution according to any one of the preceding clains, wherein at |east one
Cu(l1) conpl efi ng Thgeadidic sokutidn sicoordidg/tocamit aneefithe prissedingiclaimsonpl exi ng

bei ng sel ected fromthe group conpri.sin et hyl ene di ani.ne,  al ani ne
di atceti tchafi d, ahm"‘?li@é?mi%é?‘?‘?ﬁé@ﬁ%hi%&ﬂﬁ’%ﬂgéefﬂﬁ ‘lscﬂ%gft'ﬁ??@sé%orﬂ?'i”&ﬁi ne

ent ane ene 9?5@3 nediphosphoni c
gci d. 10. yThe a(F:)i g?éé ggﬁ%@gh é@@oremigelteg%g%d@ggé t éorépeclgdgi ng cl ai s,
wherein the pH of ethyersoliiatiing, alamige sidoetimatid, @ntino 15methylekemdtdsptionit

depositing silver |ayer nt o, net.al surfaces, thrgugh, char t ransfer
reaction conprisi ﬁﬁ%t ﬁ@ﬁ?ﬁ?m%waﬁ@“ﬁgﬁﬂ 9‘?’3@6 @?%ngﬁﬁrchﬁa?%g' aci di c
sol uti ompaccor di ngyl@xgathyRme-ph-dipdsphodicacld; b. Contacting the metal
surfaces with the acidic solution. 20 12. The nmethod of claim 11, wherein

the netal surfaces are copper surfaces.
10. The acidic solution according to any one of the preceding claims,

wherein the pH of the solution ranges from 4 to 6.

15 11. A method of depositing silver layers onto metal surfaces through
charge transfer reaction comprising the following method steps:

a. Preparing the acidic solution according to any one of claims 1 - 10;
b. Contacting the metal surfaces with the acidic solution.
20 _
12. The method of claim 11, wherein the metal surfaces are copper

surfaces.

13. The method according to any one of claims 11 or 12, comprising
25 cleaning and/or etching the metal surfaces prior to contacting them with

the acidic solution.

14. The method of claim 13, wherein the metal surfaces are copper
surfaces, the method comprising eiching the copper surfaces using a
30 solution containing a peroxo compound selected from the group

comprising alkali peroxo disulfate, alkali caroate or hydrogen peroxide.



13. The nmethod according to any one of clains 11 or 12, conprising 25

cl eaning and/or etching the nmetal surfaces prior to contacting themwth
the acidic solution. 14. The nethod of claim 13, wherein the netal surfaces
are copper wgo¥foads, the nethod conprising etching the cbppEPI3®SISSaces
using a 30 solution containing a peroxo c7orrpound sel ected fromthe group
conprising al kali peroxo disulfate, al ka4’ caroate or hydr ogen peroxi de. WO

03/ 104527 PCT/ ERO3 7. 18, . The net hod di,ng t ne of clai
17 o 14, comprisi t° MRRPSARONE & FELPRF o BREPEIdo e CREPAR NGur f acos

t hrough charge trapglyieig theatiVedayéns anthedd ZRp4adureeByY ey ﬁ%ﬁa?dse?‘ti ng
process. 5 16. The met{éod a(i.cor,di g to any one of claims 11 to 15,

conmprising forni n§epri6t 8RAG1PR '8 A RAsONIR) BpBVRYPriZRE Miating Progesaices, nore
specifically on printed circuit boards, for the purpose of subsequently
performng a soldering process, a bonding process, a press-fit securenent
and/ or of° estdbli she ﬂgetgpéachMQ tvomyaens of claims 11 to 15, comprising

forming protective silver layers on the metal surfaces, more specifically
on printed circuit boards, for the purpose of subsequently performing a

soldering process, a bonding process, a press-fit securement and/or of

establishing electrical contacts.



