15 .1 AN 2007 Immersion plating of silver Specification: 5 The invention
relates to a nmethod for displacenent plating plating of silver by a 15 [AN 2007
di spl acenent reaction, nore specifically for producing printed circuit
boards, preferably for form ng sol derable and bondabl e | ayers on the

sol dering and bonding pads. 10 In the production of printed circuit boards
and other circuit carriers, a solder |ayer consisting of tin/lead netal has
heretof ore been applied with liquid solder onto the deoxidized copper
surfaces in order to electrically fasten conponents such as resistors,
capaci t ors #nmessiarcplading of sibvatponent s, excess liquid sol der being
subsequently renoved fromthe surfaces and nore specifically 15 fromthe

hol es by neans of a hot air jet (air knife). This nethod is known under the
nanme of Hot Spkeifitatioat:i ng techni que (HAL process). In nost cases, the HAL
process is only perfornmed after a sol der resist mask consisting of a pol yner
filmhas been applied onto the surfaces of the printed circuit board with
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surface noupbeding®adgnto the printed circuit board where they are sol dered.

As it often happens that the conponents are nmounted and soldered a fairly
long tine after production of the circuit structures on the printed circuit
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by liquid solder 1s extre “reduced. Accordi e clrcult struct.ures
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probl em Acggdttia® sdsistotd) eabavitdrs apt eeicihdition cbipohibhts, excess liquid
' solder being subsequently removed from the surfaces and more specifically
15 from the holes by means of a hot air jet (air knife). This method s known under
the name of Hot-Air-Leveling technique (HAL process). In most cases, the HAL
process is only performed after a solder resist mask consisting of a polymer
film has been applied onto the surfaces of the printed circuit board with the
exception of the areas in which the components are fo be soldered. As a resuit
20 thereof, the liquid solder only gets to the locations on the printed circuit boards
where the components are to be electrically contacted.

After the tin/lead layer is formed, the components may be either mounted by
~ sticking the pins of the components through the holes or are surface mounted
25 onto the printed circuit board where they are soldered. As it often happens that
the components are mounted and soldered a fairly long time after production of
the circuit structures on the printed circuit boards only, the copper surfaces
oxidize so that their ability to be wetted by liquid solder is extremely reduced.
Accordingly, the circuit structures should be deoxidized prior to soldering. In
30 forming the tin/lead 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



15 JAN 2007 2 process also serve to protect the copper surfaces from
progressive oxidation. As a result thereof, areas prepared wth the 007
process are very easy to wet wth solder. Furthernore, the surfaces of %N
printed circuit boards resist oxidation and other tarnishing processes. 5

Al t hough essentially thickness uniformty of the tin/lead | ayer may be
achieved in carrying out the HAL process by neans of an air knife, still

consi derable thickness differences rema2n on the surfaces of the printed
circuit boards. As the circuit density increases and automati c nounting of
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frequently. Therefore alternative nethods have been sought to replace HAL

process and ©xdatics and ather faraishingiprogessas: ages of the tin/lead |ayers forned
by HAL gn the copper surfaces. A primary object is to prevent oxidation of

t he copper surfaces and concurrently to neet the demands resulting fromthe
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provi des excel |l ent anti-tarni shdorot ction. It furth rmore be utilized
to between the connecting pads for the components 1mmlsh solder bridge

formation between them occurs more frequently. Therefore, alternative

methods have been sought to replace HAL process and to avoid thus the

15 disadvantages of the tinflead layers formed by HAL on the copper sutfaces. A
primary object is to prevent oxidation of the copper surfaces and concurrently
to meet the demands resulting from the ever-increasing miniaturization and

automation of the component mounting process.

20 One approach to mitigate these probiems consists in forming a combined layer
of nickel and gold. As the circuit structures to be coated are generally
electrically insulated from each other, the two metal layers are electroless
plated to the copper surfaces. In using electroless plating, it is not necessary to
connect electrically the areas of the copper surfaces to be plated to an external

25 DOWEr Source.

The nickel/gold final layer is particularly suited for applications that have to
meet highest quality requirements. It is both solderable and bondable and
provides excelient anti-tarnish protection. It may furthermore be utilized to

30 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.



30 produce electrical contact areas, in switches and plug contacts for

exanple. This technique is very expensive though, so that its application

is limted to high-quality circuits. It is not suited for nass applicatfomy 7007
15 JAN 2007 3 Another high-quality end surface is fornmed by el ectrol ess
plating the copper surfaces with palladium Best solderability may be

achieved with a 0.2 pmthick palladiumlayer deposited on copper.

Furthernore, the palladiumsurfaces are also suited to produce contact

areas on the printed circuit boards becagygse of 5 their reduced contact

resi stance. Due to the high price of palladium its use in mass production
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onto the prinfed circuit boards. Nboreover:, is not possible to solder one
nore tinme a printed circuit board that has already been subjected to 20 a
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copper surfaces from ox1d|zmg They are moreover very thin so that the
disadvantages due to an irregular thickness distribution as with the HAL layers
are avoided.

15
A disadvantage thereof however is that the organic protective layers mentioned
are not fully suited to bond unhoused semiconductor components that are
placed directly onfo the printed circuit boards. Moreover, it is not possible to
solder one more time a printed circuit board that has already been subjected to

20 a soldering process as the organic protective layer is destroyed during the first
soldering operation. Also, the advantags of the nickel/gold combined layer and
of the palladium layer that permit to form electrical contact areas on the printed

circuit boards cannot be realized with the organic protective layers.

25 Another alternative method is to tin-plate the copper surfaces of the circuit
structures with a displacement reaction by charge transfer with the copper. But,
just as the organic protective layers, the tin layers provide but a small tarnish
resistance. Furthermore, they do not allow to produce multifunctional surfaces
since it is not possible to make electrical contacts with tin surfaces. The

30 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. Furthermore, it is not possible {o produce contact layers for



just as the organic protective |layers, the tin |layers provide but a small
tarnish resistance. Furthernore, they do not allow to produce 15 JAN 2007
mul ti functional surfaces since it is not possible to make el ectri cal
contacts with tin surfaces. The 30 solderability of the tin layers is given
since the tin layer also provides tarnish resistance. Miltiple soldering
steps however are only possible under certain conditions. Furthernore, it
i's not possible to produce contact |ayerds for 1 5 JAN 2007 4 sw tches and
plug contacts. Silver-plating involves costs that may be conpared to tin

pl ati ng. W switthas amhplug ¢dntedteesses a final silver |ayer on copper already
nmeets many conditions of a 5 nodern final |ayer. Mdre specifically, silver

| ayers may not only be utilized for soldering applications but for bonding
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el ectrical conponents are nechanically pressed into the hol es provided in

the printed circuit board in an effort to make an electrical contact with
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15
The silver layer may be about 0.2 pm thick. it protects the copper from
oxidation. The silver surface furthermore ailows multiple soldering steps. The
layer is planar and is also suited for press-fit technology by which the
connecting pins of electrical components are mechanically pressed into the
20 holes provided in the printed circuit board in an effort to make an electrical
contact with the circuit structures. Even after ageing a printed circuit board
provided with silver surfaces with heat and vapor treatment, the results as to
solderability could be compared to those of a classical HAL surface.

25 The solderability of the silver layers produced proved still insufficient after
storage. As a result thereof, various improvements have been proposed:

EP 0 797 690 B1 discloses a method of coating a printed circuit board by metal
plating the copper areas thereof with a layer of silver by way of a displacement

30 reaction. The silver bath may contain, i.a., tarnish inhibitors for the purpose of
ensuring solderability post storing. The tarnish inhibitors mentioned include but
are not limited to substituted imidazclines, alkyl imidazoles and alky!



storage. As a result thereof, various inprovenents have been proposed: EP O
797 690 Bl discloses a nethod of coating a printed circuit board by mathalay 2007
pl ati ng the copper areas thereof with a |ayer of silver by way of a

di spl acenent 30 reaction. The silver bath may contain, i.a., tarnish
inhibitors for the purpose of ensuring solderability post storing. The
tarnish inhibitors nentioned include but are not limted to substituted

i m dazol i nes, al kyl imdazoles and alkyls 1 5 ]AN 2007 5 benzyl | m dazol es,
benzi m dazol es, triazole derivatives and substituted tetrazoles. The
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A di sadvant age of tﬂ‘ nmet hod Ihs that the tarnish mH{bltors ave, in some
cases, an .fﬁﬁéé?'eén ?léaré‘ﬁh inBkRessMan@lsebeLges InRPS-BRYIMEHAHEE time, 5 the
sol der abi | 'éiweﬁbﬁatﬂﬁ@”ﬂ@ééd\ﬁéhtﬁ&dﬁﬁistlﬁeﬂhﬁd‘@fﬁét Wfén'u@h HiHBitors Bave, of a

printed circuit board, in others however, the corrosion resistance 'dr opped
consi der abl i sogpe oasas apdonpaict an the edenmant: Nter o airlydong strage time,

boar as i n. PitigeT B and Boadiiiny BroveRbBeRFY bbb Mgl £ 7'

di spl acenengrirtedctrcaib bpard)in bthesphdgevargtheldmrosidnvesistarigedropped or med by
contacting the (iég_é{)aces with an acidic plating solution containing a silver

i m dazol e c?ﬁﬁﬂ' dli¥he preferred source of silver ions used is silver
nitrate. 15 U S. Patent No. 5,733,599 describes a process for enhancing the

sol der abi | i té of a surface in which a copper-plated printed circuit board
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containing a silver imidazole complex. The preferred source of silver ions used
is silver nitrate.

15
U.S. Patent No. 5,733,599 describes a process for enhancing the solderability
of a surface in which a copper-plated printed circuit board material is at first
coated with a layer of silver by immersion plating, another metal layer being
applied to said layer of silver, said metal being selected from the group

20 consisting of gold, ruthenium, rhodium and palladium. The silver plating
solution preferably contains silver nitraie, methane sulfonic acid and histidine in
order to achieve enhanced solderability of the surfaces.

In Patent Abstracts of Japan regarding JP 03-002379 A there is described a

25 method for forming a Iayer of silver on copper, the plating bath containing, in
addition to silver nitrate, an alkyl imidazole compound and an organic acid or
the salt thereof.

In Patent Abstracts of Japan regarding JP 06-298375 A there is furthermore
30 described a processing method for metallic surfaces in which silver is L.a.

coated with a chemical conversion layer in order to achieve improved

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



In Patent Abstracts of Japan regarding JP 03-002379 A there is described a
25 method for forming a | ayer of silver on copper, the plating bath 15 jAN 70
containing, in addition to silver nitrate, an alkyl im dazole 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 nethod for
metallic surfaces in which silver is i.a. coated wwth a chem cal conversion

| ayer in order to achieve inproved resigtance against humdity, chem cal

i nfl uences and action of heat, thus 15 JAN 70007 6 enhancing the sol der
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contacted with an aqueous solution containing a derivative imdazole. 5
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enhance solderability is often not 15 uniform may be very
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sol utions coonsidevably hankeitethes¥lalloyihg metals. cases, the layers forned are

not sujited to make bond connections and el ectrical contacts. 20 Further nore,
the ba% described in EP 1 024 211 A2 has the di sadvant age that the’
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the following disadvantages:

The thickness of the outer layers formed to enhance solderability is often not

15 uniform. Furthermore, it may be very expensive to produce such layers,
particularly in the case of a nickel/gold or a palladium layer. In some cases,
constituents are used in their production that have a serious impact on the
environment like e.g., solutions containing chromium (VI). In many cases, the
layers formed are not suited to make bond connections and electrical contacts.

20 Furthermore, the bath described in EP 1 024 211 A2 has the disadvantage that
the composition of the alloy affects the oxidation resistance of the protective
layer. As the alloy composition in furn depends i.a. on the relative
concentrations of silver and of the alloying metal ions in the plating solution,
control of the layer properties with regard to the anti-tarnishing properties is

25 quite complicated.

Furthermore, DE 100 50 862 A1 suggests to utilize a bath and a method for
immersion plating of silver on surfaces made of a metal less noble than silver,
more specificaily on copper surfaces. The bath contains at least one silver

30 halide complex but no reducing agent for silver ions. The silver halide complex
is the silver bromide compiex of preference. However, the bath described in
this document has the disadvantage that benzotriazole compounds must be



| ayer. As the alloy conposition in turn depends i.a. on the relative
concentrations of silver and of the alloying netal ions in the platinqs AN 7007
solution, control of the |ayer properties with regard to the HAR L
anti-tarnishing properties is 25 quite conplicated. Furthernore, DE 100 50
862 Al suggests to utilize a bath and a nethod for inmersion plating of
silver on surfaces nmade of a nmetal |ess noble than silver, nore

specifically on copper surfaces. The bath contains at |east one silver 30

hal i de conplex but no reduci ng agent for silver ions. The silver halide
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the scond silver layer is applied by electroplating. The deposition rate

for the fi1eb dB7BoKR hrRimb biBdloEal £ Sl Br 300yINY SoNer 1S4 g the

el ectrolyticC position o ver yer aV| ng SS 70 pmis
deposi ted vvgtdssrsubsmaimmwmh Mf&t siteerdayerip defosiied B8 tbuepbsitingae descri bes

thod f t
a metho Orsecond silver layer. The first silver layer is eleciroless plated, whereas the
second siiver layer is applied by electroplating. The deposition rate for the first
15 silver layer is indicated to be 300 nm/hour. During the electrolytic deposition of

silver, a layer having a thickness of 2 um is deposited within one minute.

U.S. Patent No. 3,917,885 furthermore describes a method for the
autocatalytic plating of metallic and non-metallic substrates with copper, silver

20 | or gold in the presence of a reducing agent, which, even In case of catalytically
active substrates such as copper substrates are to be metai-plated, the method
consisting in depositing a first layer of gold at first in order to prevent the
autocatalytic bath from being contaminated by the substrate material dissolving
therein. The first gold layer deposited has a thickness of 2 to 5 microinches.

25 ‘
The drawback of all the known methods utilizing the anti-tarnishing compounds
mentioned is that these agents are generally to be utilized in relatively high
concentrations in order to become effective and that, as a rule, these agents
have an impact on the environment. It furthermore proved disadvantageous

30 that in these cases the silver layers formed are provided with a relatively rough
surface due to dendrites.



autocatal ytic plating of netallic and non-netallic substrates with copper,
silver 20 or gold in the presence of a reducing agent, which, even iﬂ‘ﬁcﬁsﬁﬂﬁm
of catalytically active substrates such as copper substrates are to be

net al -pl ated, the nethod consisting in depositing a first |ayer of gold at
first in order to prevent the autocatalytic bath from being contam nated by
the substrate material dissolving therein. The first gold | ayer deposited
has a thickness of 2 to 5 microinches. 85 The drawback of all the known

met hods utilizing the antj-tarni shing conpounds nentioned is that these
agents are Génibemipie anopiset of ihesugsen invanten yeayoidite drawbreksf 19 ons in
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may be forned on the copper surfaces o sol deri ng_and bondi ng pads, the
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formed shoul d be deposited in a very uniform manner even on | arger copper
areas. 10 TRESEPRBE #%38ccor dance with the invention serves to plate silver
by a @i spl acenent reaction onto a substrate provided with a copper surface,
preferably w thout using a reducing agent for the netal to be deposited.
Silver 15 deposition by plating via a displacenent reaction is to be

construed agy@method in accordance with the invention serves to plate siver by a
displacement reaction ontc a substrate provided with a copper surface,
preferably without using a reducing agent for the metal to be deposited. Silver

15 -deposition by plating via a displacement reaction is to be construed as a
deposition in which the base metal is dissolved in favor of the metal deposited.

To form the solderable and bondable surfaces

20 | a) a first metal which is more noble than copper is deposited on the
subsirate in a first method step and
b) silver is plated by displacement reaction on said substrate in a second
method step.

25 If the first metal is silver, this first metal deposited in the first method step is
deposited at a rate which amounts to at most half the rate of the silver plating
in the second methad step. The first metal is preferably deposited at a rate that
amounts to at most 30 %, and more specifically 15 % of the rate at which silver
is plated In the second method step.

30
The deposition rate of silver in the first method step is defined by the mass of
silver deposited within a predetermined length of time onto a predetermined



deposition In which the base netal is dissolved in favor of the netal
deposited. To formthe sol derabl e and bondabl e surfaces 20 a) a first iﬁﬁﬁ%
which is nore noble than copper is deposited on the substrate in a fily 007
met hod step and b) silver is plated by displacenent reaction on said
substrate in a second nethod step. 25 if the first netal is silver, this
first nmetal 'deposited in the first nethod step is deposited at a rate which
anounts to at nost half the rate of thegsilver plating in the second nethod
step. The first netal |Is preferably deposited at a rate that anmounts to at

nost 30 % suMBcERFSn ap@@éu&%té' fébeinle t gna, fon 1S plated
i n the second nethod step he deggg?l gﬁnrgngé%rni@?S%E?é]dé?ﬁg first

net hod st egales S&*@nde@asn&@d Pﬁ'@ wﬁse'@bé ategurieee ivieippped off agaimhaccording

pr edet er m surface
area of thgsgrtﬁ)g@rgg{a eﬁﬁ%t'bhr@x@% %M@Eél%&ﬁ%%%@%%&%@égg% ion rate,
sil ver depcm:ixd)@hddherammmtsxﬁlatrtpped@fhsﬂwéaselet@rrrﬁmd ppsigticdilly. 8ibar maccor di ng
to the glv flmtl £ S chem, cal fa é concentrated nitric
aci d) 5omd t ﬁﬁﬁ'ﬁ?dg’y g'ﬂ"b%&?'@ an specyomety fgee: rP‘Hﬂ%ed anal ytically.
Silver-may 5 be determ ned by atom c absorption spectronmetry for exanple.

The pl ati n%rate of silver for formng the sol derabl e and bondabl e | ayers in
the second heRladig ste of pilver detieryingrtbe solderabls and bondabieilaykre in thecor di ngl vy,

rom o 5 SEEBA o bteb pr¥ bl Amtiuts {75 B i oGR, BEEHARRY. e hoes
pr eI ;ar LFSr ldepoamtﬁ?l‘?;atﬁe%fhsﬁvaghr‘fhetﬁrﬂ meiod stepprefératsly kayes frath Eods,
par

ribe 797 690 Bl,. the nmethod in
accor thnce TUG/HNAAE, T’W%ﬁ?f‘?fg §r%§r%c35@&’8ﬂ"‘dﬁ" *@Nd REBt RIRErEd ver | ayer
i's provi dedroph bly 1 B RYARinAwRerties. By this it is nmeant that

As compared to known methods, particuiarly to the method described in EP 0
797 690 B1, the method in accordance with the invention is characterized in

15 that the silver layer is provided with improved properties. By this it is meant that
the solderability and bondability obtained, particuiarly after ageing/storage of
the layer, is improved over those obtained after formation of the protective
layer according to EP Q 797 690 B1. The improved solderability results in the
fact that the layer produced in accordance with the method of the invention is

20 significantly faster wetted by the solder after ageing than the layer produced
according to EP 0 797 690 B1.

To simulate the solderability post ageing, the substrate coated with the
protective layer is stored after production in a dry atmosphere for four hours at

25 155 °C in a first test prior to carrying out the wetting test. Furthermore, in a
second test, the coated substrate is stored in a vapor atmosphere over boiling
water for four hours at 98 - 100 °C. Thus in both cases, corrosion tests are
carried out and the formation of corrosion products is examined. The layers
produced on substrates provided with a copper surface according to the

30 method described in EP 0 797 690 B1 proved to turn red after the corrosion
tests. This is indicative of the formation of corrosion products originating from
the copper surface. By contrast, the substrates provided with a layer produced



the sol derability and bondability obtained, particularly after

agei ng/ storage of the layer, is inproved over those obtained after 15 AN 2007
formati on of the protective |layer according to EP 0 797 690 61. The "

i mproved solderability results in the fact that the |ayer produced in
accordance wth the nmethod of the invention is 20 significantly faster

wetted by the solder after ageing than the |ayer produced according to EP
0797 690 B1. To sinulate the sol derabililgy post ageing, the substrate coated
with the protective layer is stored after production in a dry atnosphere

for four howcsoamlng ﬁﬂhaﬁﬁetﬁoidrofahé invettidrestmained completealyrbrightandit t he

wetting test. Further second test, .the ubstrat Is stored
in a vapor H%X&H&P@%/S'Pe B‘B"‘P?'HE] eSjR.Were Peion mﬁqﬁ&&ﬁgﬁncggmn M c. Thus
in both caseke differdritseutd Wk $eg’>ér§ to ﬁf&ébnﬁ@ dwﬁe asktidies tobaitied bof

corrosion products i s exam ned. | ayers E)ro duced on substrates provided

with a coppélae §Q|ﬂ¢&tf@ta@f@|0ma1@€d bym@tumwm heolsnayers sives dayers ogthe 797 690
131 proyed tQ oty deflyihy c% F‘oo%i%é&%ﬁ mg}t%%hém Hb&o'fﬁwelﬂ\‘?érﬁ@h'aﬁe of the

formation o corr03|on pro or | |na Pon Tthe Copper SUrTace

contrast, tHiee stheshaaties provi ded mnth a Iayer pr oduced 15 JAN 2007 10
according to the nethod of the invention remained conpletely bright and
silvery even after the corrosion tests were perfornmed. This difference

confirms ”F%rl%frﬁéfee'ﬂie b@ﬁ&ih%%tl’é’nbih dfﬁtﬁ@éﬂi/ér%ﬁdﬂ%naéﬁd bHﬁuﬁPécésh@ substrates
to be wetted by the solder that were obtai ned by coatlng w th the known

silver | ayeﬂ@@@ﬁ&d‘u‘@hgﬂ sititizing e aethod efithe invendonr lboadseviaks@etiing to t he

strongld of (ERLSHR I s Ared Gutdiie LBl sltides MRS EEr N AR "0 111 i ng
the met hod elretthebeompletely sthpped)oiﬁliwsmmrrﬁatﬁo-cénbdimpeliésﬂ 'fiig catrgp i s
al,r.ea

d t th f
conpl et ely. U Himirba adhgshe et srvaly botiad ICKR sttt ales, ry  ou
this test, MyAGRTHNTabARlY strisdeddTe IBkaRARSRM didhk 'T@e‘iélﬁf-:‘ﬁ@éfteﬁf the silver

according to the invention showed that the silver layer remains strongly bonded

15 to the copper surface.

Finally, the layers formed in accordance with the method of the invention are
more uniform: in using the method described in EP 0 797 690 B1 to deposit the
layer for example, said layer first deposits on the borders of the substrate, and

20 not yet in the center. The silver layer only forms in the center when the borders
have already been coated with a dense layer of silver, said layer having a
,Cloudy” appearance, i.e., the layer is still extremely thin at these places so that
it allows the underlying copper surface to shine through. In using the method in
accordance with the invention, the layer formed is uniform in all the surface

25 areas of the substrate so that, when the layer formed on the borders of the
substrate is dense, it is dense in the center of the areas of the substrate as
well, As a result thereof, the layer formed is uniform on all the surface areas of

the subsirate.

30 Accordingly, the silver layer formed is continuous and non-porous, thus
ensuring that printed circuit boards treated in this manner may be soldered and
bonded without any problem and that the connecting pins of electrical



llayer and then abruptly stripped off. Exami nation of the |ayers deposited
according to the invention showed that the silver |ayer renmains strongl

bonded 15 to the copper surface. Finally, the layers formed in accordhﬁdﬁNZ%?
with the nethod of the invention are nore uniform in using the method
described in EP 0 797 690 Bl to deposit the |ayer for exanple, said | ayer
first deposits on the borders of the substrate, and 20 not yet in the

center. The silver layer only forms inllhe center when the borders have

al ready been coated with a dense |ayer of silver, said |ayer having a
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formed on the borders of the substrate is dense is dense in the center
of the areas of the substrate as well. As a result t hereof, the | ayer

formeg is N@'tﬁé)élme?'fhy%lré fdrh@d%ur‘hggﬁe%mm rRétholl fb@oﬁa@%téo%ﬁuoé’@and

Accordingly, the silver layer nt1 nuous and non-porous, thus
ensuring tMen-peraustcaatiog roc'.uthe chppemsurfaces; tbe thus pmtectedmppemmrfameswl dered

5"3an 2007 BB RSB Wen Ay 4 BRGSO R gty s 0 T

t hr ough- pl ggrefitions! wsing humnruyrairﬂﬁbm#a@wtemglandémmh@xuda%ywsed circuit
boards al ready contacted w | i qui d sol der may _be sol dered once nore, to

repair theBasodfen ﬁﬁholéﬁlhmlt@“:kﬁeﬁ%oftthﬁ i@fqrwrpneégrably lesh el UM A§ t he
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surf aces, hus prote copper aces have goo ng properties
even aft erthat have bgem prejresfert Iagblstwayeaﬂerdaanufasture oﬁtha congustardineg huni dity

Tt nens e B SAGb o he Bl SpEBonHE'S seliid BAELR Tt % o
it is possiddrs.tAs atresdt theraufibtBithes sLifadwareds ofithd beenaid hedadees
serving to electrically contact the components, and possibly the conductor lines
15 as well, are protected. Prior to silver-plating, the conductor iines are however
usually coated with a solder resist that covers the printed circuit board except
for those regions in which electrical components are to be mounted. '
Accordingly, the layer of solder resist is usually at first applied to the outer
sidés of the printed circuit board where it is sfructured and a silver layer is next
20 deposited onto the bare copper areas.

The method of the invention may therefore be used In a particutarly
advantageous manner in the production of printed circuit boards. In this case
the copper areas of the printed circuit board material are coated with silver. As

25 a matter of course, other applications may be thought of such as e.g., silver-
plating for decorative purposes ar in the production of coatings provided with
very good electrically conductive properties, like for exampie in electrical

waveguides.

30 As a result thereof, the method for forming protective layers of silver on copper
sutfaces, on printed circuit boards In particuiar, serves to subsequentiy carry
out a soldering process, a bonding process, the press-fit technology and/or to



t hat have been pretreated in this way after manufacture of the conductor

lines and pads prior to nmount the electrical conponents to said printed
circuit boards. As a result thereof, both the surface areas of the bof &s/AN 7007
and the pads serving to electrically contact the conponents, and possibly

t he conductor lines 15 as well, are protected. Prior to silver-plating, the
conductor lines are however usually coated with a solder resist that covers
the printed circuit board except for timse regions in which electrical
conponents are to be nounted. Accordingly, the |layer of solder resist is

usual 'y at Fidketelégtatalasbrtarts.hednveationTekess B pariculfr forthe ¢réductioh of boar d
where it is strq&%u ed and a silver layer is next 20 deposited onto the bare

copper ar eaBUerH 6% of the invention may therefore be used in a
particularly advantageous nmanner in the production of printed circuit
boards, In this case the copper areas of the printed circuit board materi al
are coated Wheosids/provides 2dthaudmsiver lafers meet ajl ob thecusumb pdquirenients nay be
t hought, of such as ver f or, ,decor at s or in the

e. g.. i 1. : platin | Ve PUIpos
producti on & USEdY iﬂ?'Fggr 'Bﬁeﬁvﬁ"&% b&#)rldﬁech;gg@e.d\qg@ %ﬂ%f?ﬁﬁ%ﬁ%ﬂ@%ﬂhct i ve
properti es, siifiient abiligarme Wetidd Wit sbidef 8len BAMESIHINE Gnddditersa resul t
thereof, the nmethod for formng protective |ayers of silver on copper

surfaces, ofRpfiliensarecnet furthefaergs thensilygr layets permitlerales farm gJasisiegiuent | y
carry out ' : | the press-fit technol ogy
and/or to 1@%@8%%@8%@%S@F@@%ﬁn‘flﬁ(}g‘)ﬂggbﬁﬁac % The invention rel ates
in particular to the production of pure silver |ayers. The boards provided
with ch silver |lavers neet al] of e usual requirenents 5 for use in the
ot i e alci r B fresalibimaa n et stib ok e Bt e BiTore AR MRD GIPPRGu T o en
ability to prisRbARIthat the eRtGhofrRdral (eﬂ’éctﬁ‘ﬁﬁbﬁﬁhél'%ﬁﬁalcbd{@ﬁtﬁ) ofcondi ti ons
are net. Furthernore, the silver layers permt to also formelectrical

cont act ar efthiés metalis swreinegitiaitharnibe elentromnatlyedorrefioppper obtained in

comparison with any reference elecfrode, e.g., with a silver/silver chloride
electrode, when the copper surface is confacted with the deposition bath for

15 the first metal. This condition makes certain that the first metal may be plated
onto the copper surfaces by a displacement reaction. This term indicates that
the metallic copper of the copper surface is dissolved in favor of the first metal
to be deposited. An example of silver deposition on copper surfaces is given by
the above mentioned equation A. In the displacement reaction of the

20 displacement plating process, no external power source and no additional
reducing agent is needed for the deposition of the first metal.

in a preferred embodiment of the invention, the metal formed in the first
method step is palladium or gold. In principle, metals other than palladium or
25 gold such as ruthenium or rhodium or another element from group VIl of the
Periodic Table of Elements may also be utilized. Pailladium and the other
metals mentioned are preferred over goid since, in using gold on the base
material, the bonding strength of the silver layer is generally reduced over that
obtained when using palladium (or another metal) for forming the first metat

30 layer,



10 The netal fornmed in the first step of the process is nore noble than
copper. This neans that the electronotive force (el ectrochem cal nornal
potential) of this netal is nore positive than the el ectronotive forC?SOMNZM7
copper obtained in conparison with any reference el ectrode, e.g.,
silver/silver chloride electrode, when the copper surface is contacted mnth
the deposition bath for 15 the first nmetal. This condition nakes certain

that the first netal nay be plated onto the copper surfaces by a

di spl acenent reaction. This termindicat®s that the netallic copper of the
copper surface is dissolved in favor of the first netal to be deposited. An
exanpl e of Bioheaf thiepwialsineentioned diepein abové acestllized 4o varm the metaé above

de I f I
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I's needed faciuahsoidenbh andbordatié siver Igjer Wb 2liver!18yar dbtaihed theenbodi ment
of the invention, the metal formed jn the first method step is palladium or

gol d. In prierangl step iemere compast andiwnitesm ang lﬁrWQiﬁdeCtWItb(ﬂ higherch as
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material, the ond| ncasqst rength.of the silver layer is generally reduced over

that obt ai rﬁ'gﬁa epgsis Pl YSFP!ali - ner metal ) for forming the first

nmetal 30 layer. 1 5 JAN 2007 13 If one of the nmetal s nentioned herein
above are utilized to formthe netal deposits on the copper surfaces prior

to plating,Sihgedh %ﬂ&@tﬁt@m peefatably depositgganio thestappensu@acasdnyeRtabl e
si|veqgl aygimaf Hﬁaﬁt“tle\éeft dé%é’ ng%f’tt?drt]ﬂ%rrb{'gttegﬁ doe§h8 rﬁttfg%ﬁton %g conpact

and uni f orm and |ng streng
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the copper surfaces over large areas, the advantages described are still
obtained. Although the following theoretical interpretation is not intended to

15 limit the scope of proteciion of the invention, the advantages observed are
attributed to the fact that the first metal deposited onto the copper surface
probably impresses an electric potential to the copper surface that is more
positive than that of the copper surface with such first metal deposit. The silver
plating is delayed as a result thereof so that the silver can plate in a more

20 compact manner than with the prior art methods. The advantageous properties
of the silver layer are thus achieved.

Instead of depositing a metal from Group VIt of the Periodic Table of Elements
or gold as a first metal, silver méy also be deposited as, just like the metals
25 mentioned herein above, it is more nobie than copper. In order to make sure, in

this case as well, that the first metal layer is not applied to the copper surface
in a less compact, porous manner, silver is deposited In this case at a rate that
amounts at most to haif the rate used to deposit silver In the second step. This
permits to make sure that, in this case as well, silver is plated in the second

30 method step with delay to form the solderable and bondable layer. Again it is
assumed that the electric potential of the copper surface becomes more
positive because of the siiver deposits formed.



Since the first netal is preferably deposited onto the copper surfaces in
very 10 small quantities, it is assuned that the first netal does not iﬁéw%m7
a continuous netal |ayer on the copper surface. Accordingly, althougﬂ
subsequently deposited sol derable and bondabl e silver |ayer is probably
formed directly on the copper surfaces over |arge areas, the advantages
described are still obtained. Al though the follow ng theoreti cal
interpretation is not intended to 15 iyt the scope of protection of the

i nvention, the advantages observed are attributed to the fact that the

first metal Thiethcknees of tHeomista! deppeies fosmetiae the frsbmetiod stapligsses an

electric potentigl to the copper surface that is re positive_than that of
t he copper %’%ﬁﬁ‘%’é qulh&@d%ﬁp%e?@ta%t’%m%ﬂé@iQ“. DeRopger SWiacesThei ng i s

del ayed as tﬁickﬁéégisﬁrasﬁﬁ?fof%stthgﬁ 548, silver can plate in a nore 20
conpact manner than wt he prior art nethods. The advantageous properties

of the silver layer are thus achieved. Instead of depositing a netal from

ot 'ver® may EeELTRI BEb ARt agoeiiRl o 8 R0 8h. TseBhea nerei n
above, it iprefovaislyvohtaing Salfuricoadi@.r The pH@f deis bath makencrerspecifidaliyt hi s case as
well, that the first tal layer is not agplled to trge@t§0£§§r surface in a

| ess conpad@MoyRieeredtimay of Sputae be highehard rangs; frp 8XaMpe- r at e t hat
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t he second tBoughstA preferreg suifuric deitl @pncentratiomis thersforel 8rlabR enadhd bondabl e

| ayer ., Again it is assuned that the electric potential of the copper

surfat‘:% becones nore positive because of the silver deposits fornmed. 1 5

JAN 2007  Irhid batH fiag koagsn pallddiemnntaatordentatidreof pr 190 mdfi, El‘ﬁerfébryst met hod
step is extrerrelr@snal | : the first netal layer is not visible on the copper

surface. THE® - 8¢ pighpndsmoze spegitieally about 88end/han 5 nm 5 If the first netal

is palladium it is deposited froman acidic bath. This bath

If the first metal is silver, the deposition rate of silver in the first step is
15 preferably regulated by adjusting at least one deposition parameter and/or by
adjusting the composition of a bath utilized for deposition.

One deposition parameter by means of which the deposition rate may be
regulated Is the processing temperature at which the silver depasition bath is

20 run. The temperature may be in the range of room temperature for example or
slightly above, and may amount e.g., to 45 °C or less, the preferred
temperature ranging from 15 to 45 °C, more specifically from 15 to 35 °C, and
the most preferred temperature ranging from 20 to 35 °C.

25 A deposition bath for silver in the first method step may contain, just like the
silver bath for forming the solderable and bondable silver layer in the second
method step, silver halide complexes in an acidic solution. The siiver fons are
preferably ufilized as silver methane sulfonate. The concentration of the silver
ions in the solution preferably ranges from 0.5 to 5 g/, more specifically from

30 0.75t02gh.

The silver halide complexes most suited are bromide complexes. More detailed



preferably contains sulfuric acid. The pH of this bath may nore specifically
anount to zero. It may of course be higher and range from2 to 3 for

exanple. A bath containing 0.5 nol sulfuric acid in one liter proved«|5 JAN 2007
particularly suited, though. A preferred sulfuric acid concentration is
therefore 0.1 - 2 nol/1. 10 This bath may contain palladiumin a
concentration of 1 - 100 ng/l, preferably 15 - 50 ng/l and nore

specifically about 50 ng/l. If the first nmetal is silver, the deposition

rate of silver in the first step is 15 fdSeferably regul ated by adjusting at

| east one deposition paraneter and/or by adjusting the conposition of a
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may contain, | us ver ba e and
bondabl e si Ideposit aythe first mbthosestep thaynadditiohatly epntain avleashaie Ga(lfempl exes in

an acidic so silver jons ar referab utilize ver

ot hane. sul AbRacEone faitEsRrERlexiad 2ash MoREVEE, tiebdtr by DREIh U | on
preferably LameeagériteEnd. 4t 168stDn@/ dolubifie? fGRE ICu(BRompléLifgagdRt. 0- 75 to 2
g/l. The silver hallde conpl exes nobst suited are bronmide conpl exes. Mre

detailed 1 5 JAN 2007 15 indications in this regard will be given
O R ks AT s UL A
f orm ng t hefifstnséthed lstegy, tlm@depd:sutlmrateef smmnmay bserdquiatednYhe aforespond to
those of the b?‘loned ‘qu(f) compﬂgmag %g%r?% r%g{r %el uese%rfrq the deposition bath or its
concentration may be adjusted fo a relatively high value in order to achieve a
delayed deposition of silver onto the copper surface. The Cu(l) complexing
15 agent may for example be 2,2"-bipyridyl or another compound with the
structural component | indicated herein after, The concentration thereof in the
deposition bath is preferably set to a value of at most 200 mg/l. The upper {imit
of sald concentration is given by the fact that silver can no longer be deposited
under such conditions. Other inhibitors which slow down the deposition of the
20 silver may also be used.

The deposition rate is also function of the acid and pH chosen so that the
optimization thereof also permits to regulate the quality of the subsequently
deposited silver layer.

25
The silvering bath of the first method step may further contain ail other
components described for the silver plating bath of the second method step.

The solderable and bondable silver layer deposited in the second method step
30 is plated onto the pre-plated copper surfaces by plating by a displacement
| reaction. In this case as well, silver is plated according to equation A as copper
dissolves. This means that the bath of preference does not contain any



5 bondabl e silver layer in the second nethod step. The bath for forning t he
silver deposit in the first nethod step may additionally contain at ﬁ@dé 007
one Cu(!) and at least one Cu(ll) conplexing agent. Moreover, the bat @
contain surface active agents and at |east one solubilizer for the Cu(l)
conpl exi ng agent. 10 In purposefully adjusting the conposition of the
deposition bath for silver in the first nethod step, the deposition rate of
silver may be regulated. The afore nentjgoned Cu(l) conplexing agent may be
used in the deposition bath or its concentration may be adjusted to a

relatively %Sﬁb[gégém ! ﬂ{rgéésé Q‘:ll ducdd é?&g.%m.‘l& QR Tddst RN, b'? | ver

onto the copper ace. conp exi n may for exanple be
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silvering bauondthbnueheclmewsd thetrmtal totherplated is notibrgercmntadted with siverer

conponents descr. fo er ing bath of the second nethod step.

The sol der aB$ ﬁ"aggﬁ%lr[ﬁ# f??P{P&‘Sﬁ%Qg‘? deposited in the second nethod step
30 is plated onto t he pre pl ated copper surfaces by plati ng by a

di spl acenent_ reaction. In this case as well, silver is E’i ated according to
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The Cu(l) complexing agent in the silver bath that contains the structural
element | may preferably belong to the group of the ferroine compounds. In this
20 case, the complexing agent is provided with the afore mentioned structural
elemnent I. The complexing agent may possibly also belong to the cuproine
group. In this case, the afore mentioned structural element | is extended as

indicated herein after:

. Mo *‘
C—'N \\I“—C
R—"C/ C——R

In some cases, the complexing agent may belong to the terrcine group, the
compounds of which contain the following structural element 1 that may be



ions contained in the bath, preferably silver([) ions, are reduced to form
netallic silver, the copper to be plated oxidizing and di ssol ving at L e

sanme tinme. The 5 copper surface to be plated is coated with a silver | sdANZM7
until the copper surface is covered with a continuous and non-porous | ayer

of silver. As soon as this condition is achieved, the netal to be plated is
no | onger contacted with silver ions so that the redox reaction is halted.

10 The silver bath for formng the soIdgL bl e and bondabl e silver |ayer
contains silver ions and at |east one ?I) conpl exi ng agent sel ected from

the group ounds with the structural element I: \\-C- 15 =N
N= The m(I)B%%fb%&ﬁt%gg%ﬂ? FH"?‘ne silver bath that contains the
structural elenment | may preferably belong to the group of the ferroine
conpounds. In this 20 case, the conplexing agent is provided with the afore
mentioned structural elenment |I. The conpl exi ng agent nmay possibly al so
belong to the cug‘rgm n group. In this case, thw%\afor ment i oned structural
element | is ext as indicated herein afte CNNOQ RCGCR 30 1In
sone cades, the g npl&xi ng Agent nmay belong to t t nggroup, t he
conpounds of =mwhaNch conpgiait he f gl | owlnagest rietyiral e hat jmay be 1
5 JAN 2007 17 present in t\wo tgitomer forns: GCCcC "
C—N c:-——-N

// Th

& compounds with the structural element | more specifically have the following
10 structural formuta Ii: ' :

{Chiy

S/ "

15
where (CH,),, indicates a hydrocarbon bridge, n and m representing,
20 independently of each other, 0 or 1 or 2 and
condensed aromatic rings A and A' being possibly provided to the base
moiety C;N-NC; (in one embodiment of the invention, no rings are
condensed to the base moiety).
25 In the structural formula Il, (CH,),, preferably stands for an ethenyl group.

Furthermore, the rings A and A’ bound to the base moiety C;N-NC; may
represent condensed benzene rings.

The preferred thickness of the solderable and bondable siiver layer Is less than
30 1'4m, and more specifically ranges from 0.2 to 0.5 pm. More specifically, the

preferred thickness amounts fo about 0.2 pm. This value however is, i.a.,

function of the surface struciure of the copper surfaces and of the composition



Il -NC-NTh e conpounds with the structural element | nore specifically

have. the following 10 structural formula Il: (CHO OAN O 15 N Al where

(CHn) mindicates a hydrocarbon bridge, n and mrepresenting, 20
i ndependently of each other, 0 or I or 2 and condensed aromatic rings A and

A being possibly provided to the base
the invention, no rings are condensed to the base noiety). 25 In the
formula 11, (CHn)m preferably stands for an et henyl group.

struct ural

Furthernore, the rings A and A" bound ti@ the base npi ety Co5N- NC5 may

represent condensed benzene rings.

19 JAN 7007

noi ety C5N-ENC5 (in one enbodi nent of

The preferred thickness of the sol derable
and bondablcanshe fpsmedaybe thisknessof titesoldeble and bandable sidvergaysrfcanal | y

amount s 1 o Caaergnc iRy icfef R chblar’) < "L ™ % ancti on of the

surface structure of the copper surfaces and of the conposition 1 5 JAN 7007

18 can be f rmaﬂ. Th fIhi ckness of the solderable and bondabl e silver
@abﬁ& or {hig seqondreaibed stemprafgraply containg gl lpgpt epg h for t he

Qm%itﬁﬁgg%m,ﬁe%fgﬂr&ﬁtﬁ% gk&.gf{:%@ggsrlpg F%ef,blip)yr@g]@l exi ng

can be det !

seconds et hqg

agent, sel ect

e group conprisin

1, 10- phenarit, H-phenantbrding 25-Sepyritiyl-(2) Ryyridiye,i 22" Hichiaolt (cupaine)pl 2k

(cuproi ne),
2,2" -bipyri

| ayer

bﬁyﬁ@'%'%c%l?é’g’:"g%&@r é?ﬁ 'Eotﬂ)%l,d'j"%,"ggj‘%F"f"rllf&?&ylg“)(‘?ﬁiq',416"— phenant hrol i n,

as wel'l as dilgfdryat- @spitdndriiesiin, GRREIAS Serivdlivel o f aasteadtinidun@s, of the at

| east one Cu(l) conpl exi ng agent preferably ranges

preferably from50 to 100 ng/l, the nost preferred

10

15

20

25

30

The concentration of the at least one Cu(l) complexing agent preferably ranges
from 10 to 500 mg/, preferably from 50 to 100 mg/l, the most preferred
concentration ranging from 20 to 30 mg/l.

The silver bath for forming the solderable and bondable silver layer contains
silver ions preferably in the form of a silver complex. The bath may for example
contain a silver halide complex (AgCl,.,"}, more specifically a bromide complex
(AgBr,, AgBr,*, AgBr>). As a matter of course, other complexes such as
silver chloride complexes or siiver iodide complexes may also be utilized. To
produce these complexes, the corresponding silver(l) ions and halide ions are
brought io react together by blending a silver(}} salt with a halide sait in a
solution. Depending on the molar conditions of the silver(l)-ion compound and
of the halide compound, complex anions form in the preferably aqueous
solution in accordance with the following equation B:

AgX+nX — AgX™..4 B

The stability of the complexes increases in the sequence Cl < Br < 1, in case of
the chioride complexes, the complex anions AgCl,” preferably form, in the case
of the bromide complexes, the complex anions AgBr,” and AgBr,*. To produce
the halogenide 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

from1l0 to 500 ng/l,



concentration ranging from20 to 30 ng/l. The silver bath for form ng the

sol derabl e and bondabl e silver |ayer contains 15 silver ions preferably in

the formof a silver conplex. The bath nay for exanple contain a siIveqSJANZMW
hal i de conplex (AgCl,,,1" ), nore specifically a brom de conplex (AgBrj,
AgBr32, AgBr43). As a matter of course,, other conpl exes such as silver

chl oride conpl exes or silver iodide conplexes nay also be utilized. To

produce these conpl exes, the corresponding silver([) ions and halide ions

are 20 brought to react together by bleb¥ing a silver(l) salt with a halide

salt in a solution. Depending on the nolar conditions of the silver(l)-ion
compound anegthgplutiea with thecalkahpioerid alksliprlidesser witis theonydrogen haidesef er abl y

. ; _ : oo . s e
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silver sulfate can be m xed in the aqueous utiron wth the alkali or
earth al kal iPnisgancerigation inithe bathdsiagdiusted to approdissatalyst gANH007 19 bath

na {des 1 reapeeiafr B AhaS el 0 €50 of e et feghlrbd shliBeripéthgco,

These ani onmngipwgefam &b Yo algo f or m when ni xi ng the two speci es when these
are not mxed in the stoichionetric ratio (e.g., 0.01 nol of Ag for 2 to 3
nol . of halide). A source 5 of halide ions is preferably utilized in excess.

For nygt _aplalu'tmﬁh]i; @Niver FdlRiedoniRéx cbﬁ@oﬁﬁ&@%& bRl HidBolyEd in'heididtidnin d) ust ed
to approxi mately Gg/ |. The concentration may range fromO0.1 to 20 g/l, the
most  pr ef eraneexeasacd gigsalvesralkalbhajidey stablensiye plating bgth soluionsinwvater zi ng
il ver hal i dg, 8T8, SATREHALLICHNH, o SmBlAPS A'sivr Ighe GghHLT on Tn
reduced so much that stable silver layers with a high bonding strength are
formed by way of the displacement reaction between copper metat and silver
15 ions. The baths are stable to acids so that the silver layers may also be

deposited when the pH of the silver bath is low and the bath is strongly acid.

The pH of the silver bath is adjusted to a value ranging from 0 to 7, preferably
from 4 to 6 and more specifically to about 5.5 by means of pH adjusting means

20 with acids or bases such as the hydrogen halides corresponding to the
complex anions, i.e., hydrochloric acid, hydrobromic acid and/or hydriodic acid,
or with a caustic alkali or carbonate.

Instead of, or in addition to, the hydrogen halides, the silver bath may contain
25 other acids. In principle, all of the known mineral acids and/or organic acids as
well as the mixtures thersof are suited.

In order to make certain that the printed circuit boards can be repeatedly
contacted with liquid solider without the solderability being affected thereby, the
30 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 bare areas of the copper surfaces. In this case, the ability of the overall



an excess of dissolved alkali halide, stable silver plating bath sol utions

in water my be fornmed. In such a solution, the amount of free silver %O@ﬁ
(Ag+) is reduced so nmuch that stable silver layers with a high bondiné JAN 2007
strength are fornmed by way of the displacenent reaction between copper

metal and silver 15 ions. The baths are stable to acids so that the silver

| ayers may al so be deposited when the pH of the silver -bath is |ow and the
bath is strongly acid. The pH of the %&Iver bath is adjusted to a val ue
ranging fromO to 7, prefer from4 to 6 and npore_specifically to about

5.5 by meafyrigfe IS’IJPE‘a‘éIPIE@ PY %aﬁ@r wiouls berconsidesably affeciad. NtRaly ™ t he
hydrogen haghgleshé platép ﬁ!gf'lé}%ré g}lIIsIFge ré!@ﬁ%és?ﬁmﬁﬁno&%er to feet thefr ochl ori ¢

aci d, hydrobromc odi ¢ acl th a caustic alkali or
car bonat e. reqmmamtsamenbonem iadIhE prasent casea mavdwedr sityen iders 08.2 +hd si | ver
bat h may CgB'I@‘G el her acids. In principle, all of the known m neral
aci ds and/ é(a ®acids as well as the mixtures thereof are suited. In
order sto make certain that the printed circuit boards can be repeatedly
contacted w t h liquid solder without the solderability being affected
thereby, t A8 tispusrasgeina silver Satompy dlseeantae ahipasd ane il ComBlextg- por ous
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this purpose,. the silver bath may also contain | east one (rn)
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concentration ranging from 20 to 150 mg/l.

15 In using the Cu(ll) complexing agent, the formation of gaps and pores in the
silver layer is further reduced. As reaction products from the copper originating
from the displacement reaction particularly gather in the pores of the silver
layer, the displacement reaction is presumably hindered. The Cu(il) complexing
agent obviously serves to better solubilize the Cu(ll) ions so that the

20 displacement transfer reaction is facilitated.

In adding the Cu(l) complexing agent to the silver bath, the plating rate is
reduced. If, for example, in plating silver by way of a displacement plating
within 5 minutes at a temperature of 50 °C a silver layer of 0.6 um thick on pre-
25 plated copper is obtained when the bath does not contain any Cu(l) complexing
agent, the thickness is reduced to 0.4 pm after the addition of 5 mg of 2,2
bipyridine for example. In adding the Cu(l) complexing agent, the appearance
of the layer Is improved and the tendency to form dendrites is reduced. In using
the silver bath, even light microscope examination shows uniform crystalline

30 silver layers without any dendrites.

Howaver, the bonding strength and soiderability of such layers proved



di am ne, al anine diacetic acid, amno trinethyl ene phosphonic acid,

di ethyl ene 10 triam ne pentanet hyl ene phosphonic acid and

1- hydr oxyet hyl ene- 1, 1- di phosphonic acid are particularly suited. The 13 JAN 2007
concentration of the Cu(ll) conplexing agent preferably ranges from5 to

500 ny/I, the nost preferred concentration ranging from20 to 150 ng/l. 15

I'n using the Cu(ll) conplexing agent, the formation of gaps and pores in the
silver layer is further reduced. As reddt i on products fromthe copper
originating fromthe displacenent reaction art| cularly gather in the pores

of the sil vispuffigighider pintedfirpit hoareprodpetion: | rfhlssmﬂp@%%rfgﬁl y hindered. The

Cu(ll t; Nel[gn
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the Cu(l) dbthsal amourg c&@eﬁ{blpwdﬁnmlssmd:masedam ﬂﬂﬁemgllalthmglveaieajer$ reduced.
If, f di t plat i t hi
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conpl exi ng ag?ent the thickness is reduced m aft’er the addition of
5 ng of 2, 2caulhnghe @hseév%ﬂn@arathpﬁ%comdmmMgmﬁ@peammma@ﬁmd&n@tg agent ,
t he appear %]fc%' n endrites
i s reduced @I%&}égtsh:tﬁéf;rﬂélg?}éga{q%\é?gr@a@%rwﬁ{) bengié%rﬁogéygge'té%é%ﬁat i on
shows uni fdhasecmmds, tme 8¢erage Wicknesgaf ﬁ\a\slweolayealwfwkhadredmsd tdlowever ,

t he bondi o] bi | h d 5 JAN 2007
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For, 1 f the anpuit of ne is increased to - /1, the
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e o 2 gl Al oBlc  RRoRRn OFRR ShieFIar U ool ngigr 1o | aver:
exam nat i ondeictibetbherein above was not observed; even aiter ageing the layers were
bright and silvery.
15
The silver bath can additionally contain at least one solubilizer for the Cu(l)
complexing agent, a polyglycol ether for example such as a polyethylene
glycol, a polypropylene giycol and/or a copolymer or a block polymer of
ethylene glycol and propylene glycol. The concentration of the solubilizer
20 preferably ranges from 5 to 500 g/l, the most preferred concentration ranging
from 20 to 180 g/l.

Furthermore, the silver bath can also contain a surface active agent such as a
non-ionic surface active agent, more specifically a polyamide. The most

25 preferred surface active agents are copolymerisates and preferably block
polymerisates of polyamides and polyethers, more preferably block polymers
made from lactames such as y-butyrolactame (2-pyrrolidone), &-valeroiactame
(2-piperidone) and/or e-caprolactame, with polyethylene glycol (polyethylene
oxide) and/or polypropylene glycol (polypropylene oxide). Instead of the

30 polymers of the unsubstituted lactames, polymers of the substituted lactames,
more specifically of the alkyl substituted lactams, may also be used. The
degree of polymerization of the two components may be varied within wide



show any pores so that no bare copper areas are to be seen. However, under
these conditions, the average thickness of the silver layer is further

reduced to 0.2 - 0.3 pm Silvery bright silver layers obtained in th'f5WﬁN2%7
still pass the 10 necessary sol der tests w thout any problem even aft

havi ng been subjected to dry heat and to a vapor test. The necessary

storing properties are thus guaranteed An optical discoloration of the
silver |ayer after the ageing tests S cri bed herein above was not

observed; even after agelng t he Iayers re bright and silvery. 15 The

| bat h addit LAl ot Least bi, | for the cu(l
Comp exi ngrGeR: 1S iBRley o1e Biite? o GBRn ey SRR SO TRby | ene

glycol, a peinpbhemytendegrerctipofymibrzation @ﬁeolzmePréféram;bd)pzskscM ymer of
ethylene gl ycol and propyl ene glycol. The concentration of the sol ubilizer
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copol yneri sat es,.an ef erab bl ock oI rlsat S 0 am des and
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e-caprol actane, with po hyl ene’ g and/ or
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of pdigyner vwlbwmonbenﬂretidm@f@.gmsmmmtmgnmytﬁmbmar| ed within wide 1 5 JAN
2007 22 ranges. The nol ecul e of the surface active agent may contain the
pol yam de conponent at a degree of polynerization of 2 - 200, preferably of

2 - 30, a The surface active agent may of course also be utilized in the silver bath
described herein above in carrying out a method by which, prior to the plating
of silver from the silver bath, the first method step in accordance with the

15 invention comprising depositing a first metal such as palladium, gold or silver
onto the copper surface is not carried out.

The use of this surface active agent permits to achieve an even denser layer of
silver. This means that corrosion tendency post ageing is reduced. The layer is

20 found to exhibit less pores to be formed. This may be seen with a light
microscope e.g. after ageing a plated copper substrate in a steam test, if this
surface active agent is not used in the silver plating bath slighly brownish stains
on the silver surface may be detected, especially if no metal is deposited in a
first method step, these stains originating from copper corrosion products in the

25 areas where pores are formed. Due fo the formation of a dense silver layer
using the polyamide surface active agent the silver immersion plating process
ceases more quickly as the substrate is no longer accessible to the plating
solution since there are less pores.

30 Silver already plates from the metal-plating baths onto the copper surface at a
temperature below 20 °C. The plating rate may be Influenced by the
temperature of the bath and of the silver ion concentration. Therefore, the



nore preferred degree anounting to 3 - 20 and the nost preferred degree of

pol yneri zation ranging from4 - 5 and the pol yether conponent at a degr

5 polynerization of 5 - 500, preferably of 10 - 100, a nore preferred d3§A§%2W7
anounting to 25 - 50 and the nost preferred degree of polynerization ranging
from35 - 45. Pol ycaprol actane, which is block polynerized wi th polyethyl ene
glycol, e.g., the product Lurotex (r)A25 of BASF, Germany is particularly
suited to be used as a surface active?2ggent. The surface active agent is
utilized in a 10 very low concentration of e.g., 5 - 100 ng/l of the bath.

The surf acterapefatereagfthe depysitibn bath sitlized $wtHesfirst inktielstep nidebsi | ver bat h
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gold or silver onto per surft I's not carried out. The use of this
surface acf&MﬁnQ@@ﬁl3§é¢ﬁﬁf§Iﬂ@“&ﬂﬁbémgﬂanﬂ@dbdeu@mtﬁh®rayer of silver
Thi s ans that corrosion tendency post ageing is reduced. The layer is 20
found To exhibit | ess pores to be fornmed. This may be seen with a |ight
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copper corro roducts in ere pores are Due to the
formati on circuit Ueameprgduatmn Tigeohoicgstfiiige Gk qrad qfathedxH sigofdatermiiee i ve agent

t he Sid ver im’rfeilm on,_plating process ceases nore quickly as the substrate
IS no ongé’?e & 8§§?tﬁre to the plating solution since there are | ess pores.
30 Silver already plates fromthe netal -plating baths onto.the copper
surface at a tenperature below 20 C. The plating rate nmay be influenced by
the tenpelQGary 4t the mathed inaerostianggawih Fhﬁalﬂ\’ﬁlaﬂpfb @'&%ﬁ'ﬂ'ﬁm Ther ef or e,

the 1.5 J ANt e [:?répared and the metal surfaces are brought into contact therewith.

Usually, the printed circuit boards are suspended vertically and immersed into

15 the tanks provided for the purpose and filled with the processing fluid
(immersion fechnique). 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 (horizontal conveyorized method). In this case,
the processing fluid is delivered through nozzles (spray nozzles, jet nozzles,

20 flow nozzles) to one or both sides of the surfaces of the boards conveyed and
guided by means of appropriate conveying means (rolls, clamps). in the
horizontal plants, the boards can also be conveyed through the plant in vertical
position and in horizontal direction of transport.

25 Prior to silver-plating the copper surfaces, the areas are preferably cleaned and
roughened in order to enhance the bonding strength of the silver layer on the
substl;ate. An acidic processing solution containing surface active agents may
for example be utilized for cleaning. This is not absolutely necessary though,
when the boards have been handled properly prior to silver-plating.

30
If need be, the boards are then rinsed to remove residual cleansing fluid from

the copper surfaces. .



tenperature of the deposition bath utilized in the first nethod step may be
selected in the range from20 to 35 C. By contrast, the silver bath Ut15Uﬁﬁ9%7
in the second nmethod step is preferably adjusted to an operating

tenperature ranging from35 to 65 Cin order to nore quickly deposit

silver. 5 The thickness required for the silver layer is achieved in a very
short tine in the second nethod step. Wthin |l - 10 m nutes, a silver |ayer
of 0.2 - 0.5 pmthick is plated. Therefore, the silver bath is very well
suited for horizontal printed circuit board production. The choice of the
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conveyi ng %%Eh%tﬁr o With Hfétidmg)swérrbéme hori zontal plants, the boards can

al so be conveyed hr oug plant 1n vertical position and in horizontal
direction of transport 25 Prior to silver-plating the copper surfaces, the
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sol ution can@rnrng surface active agents may for exanple be utilized for
cleaning. This is not absolutely necessary though, when the boards have
been handl ed properly prior to silver-plating. 30 If need be, the boards are

then ri nseqHrlIGNMYEXaRTICY /8 theifdhtioR Sehld ot ipidifthe invention in closer
detail.
15
Example 1:

Printed circuit board material (printed circuit board portion of 5 cm x 5 cm) with
external copper laminate was treated in vertical technique as described herein
20 after:

The material was first cleaned and superficially etched with current methods.
After rinsing, the materiai was treated in a first method step for 30 seconds at
room temperature with a deposition solution containing

25
PdSQO, 50 mg Pd* /1

H,S0O,, conc. 5 percent by weight.

After rinsing, the material was then treated in a second method step for 5
30 minutes at 50 °C with a silver plating bath containing

silver methane suifonate 1 g Ag*/!



the copper surfaces. 1 5 JAN 2007 24 Thereafter, the copper surfaces may be
roughened and/or cleaned with a chem cal etch solution. For this purqq$®m?my
acidic etch solutions in use in printed circuit board production may be
utilized that contain at |east one peroxo conpound such as an acidic
solution of al kali peroxodisulfate, alkali caroate or 5 hydrogen peroxide,
nore specifically of sodium peroxodisulfate. As an alternative, an etch
solution of copper(11l) chloride may al so be used. After the treatnment with
the etch solution, the board is usual % rinsed once more prior to

contact'ing it mn@ the acidic S|Ivgé ZLh 10 Once silver-plating is

conpl eted, the bU&PY is generally PPR8dY again and then dried. The

fol |l ow ng exanpl BEq[&fsﬂZd)EBA’f)ventl oBoggrve to explain the invention in closer
detail. 15 Exanplq Pr| 4@& Ehtl? ard material (printed circuit board
portion of 5 cm °¥9 a opper lamnate was treated in
vertical technigze’ mﬁwﬁwscrlbed hegeny /120 after: The material was first

cl ean_egfl and Su%‘g{f@@ﬁ#i epchedm\i\?@ rrent methods. After rinsing, the

mat er i was tr first tep for 30 seconds at room
tenperature withpld deposition solugison containing 25 PdSO4 50 ng Pd2+/ |
H2SO4, conc. 5 percent by weight. After rinsing, the material was then
treated in a second nethod step for 5 30 mnutes at 50 Cwith a silver
pl ati ng bat h cort)diethyenediidiviee peatanseteyiend phosphanidadd Age / |

10 Air was continuously blown into the silver plating bath during treatment. Then,
the material was again thoroughly sinsed in deionized water and eventually
dried.

In the first method step of the treatment, no discoloration of the copper surface

15 could be observed. After a treatment of 30 seconds in the second method step
however, the color turned silvery. After 5 minutes, a continuous silver layer was
formed.

After subjecting the material to ageing for 4 hours in dry heat at 155 °C, no
20 discoloration of the silver layer could be observed. The thickness of the layer is

uniform..

The solderability of a material treated in this way was examined by means of a
solder wetting balance. To this purpose, a small strip of material was attached

25 to a balance and slowly immersed into liquid solder at 235 °C. The forces (Fr
{mN/mm) eceurring during wetting were recorded as a function of the time t {s].
Wetting was completed already after less than half a second.

30

RECTIFIED SHEET (RULE 91) ISA/EP



1 5 JAN 2007 25 NaBr 320 g /I Dequest 2066A *) 30 m / | polyethylene
glycol 400 80 m / I 2,2 -bipyridyl 90 ng 11 5 Lurotex(r)A25 20 ng /4l me—‘[ﬂﬂ?
5.5 *) diethylene triam ne pentanethyl ene phosphonic acid 10 Air was
continuously blown into the silver plating bath during treatnment. Then, the
material was again thoroughly rinsed in deionized water and eventual ly
dried. In the first nethod step of the treatnent, no discoloration of the
copper surface 15 could be observed. Agter a treatnment of 30 seconds in the
second nmethod step however, the color“turned silvery. After 5 mnutes, a
continuous silver layer was forned. After subjecting the material to ageing
for 4 hours in dry heat at 155 C, no 20 discoloration of the silver |ayer
coul d be obsGompdrativhExampléness of the layer is wuniform The solderability
of a material treated in this way was exam ned by neans of a solder wetting
bal ance. To this purpose, a small strip of material was attached 25 to a
bal ance and Btanwily 1 waseepeaded. iunlike irgExando i deweedr, b maeridlivesirat ces ( Fr

T R ARl R R S

RECTI FI ED SHEeskd iRthdEsibar batBAftEPclésnidg\Bhd e@bing. 26 Conpar ati ve Exanpl e:
The thickness of the layer is not uniform. It is ,cloudy”.

10 After 4 hours of an ageing test under dry heat at 155 °C, wetting profiles were
obtained with identically produced samples. In these cases, a period of time of
0.7 seconds was recorded before the material surfaces were completely wetted
with liquid sclder.

15 Example 2 and Comparative Example:

After the usual pretreatment with an acidic cleanet and with an etch cleaner,
wetting balance test coupons were freated for one minute in an displacement
plating gold bath consisting of
20
KAu(CN), 3gAu/l
EDTA 60g/l

at a pH of 8 and at a temperature of 80 °C and then plated in the silver bath
25 indicated in Example 1 for 6 minutes at 50 °C, the bath did not contain the
surface active agent Lurotex® A25 though.

After having been subjected to ageing for 4 hours at 100 °C and 100 % relative
humidity (vapor test), the solder samples showed a considerably improved

30 wetting behavior over a sample that was plated in the same way except for the
gold bath that was omitted. The results of the wetting balance test described in
Example 1 yielded a wetting time of 0.3 seconds when gold plating was

RECTIFIED SHEET (RULE 91) ISA/JEP



Exanmple 1 was repeated. Unlike in Exanple |I however, the material was not 5
treated in the sulfuric acid solution of palladiumsulfate but was

i mredi ately treated in the silver bath after cleaning and etching. Thé jaN 2007
t hi ckness of the layer is not uniform It is ,,cloudy. 10 After 4 hours of
an ageing test under dry heat at 155 C, wetting profiles were obtained with
I dentically produced sanples. In these cases, a period of tine of 0.7
seconds was recorded before the materia; surfaces were conpletely wetted
with liquid solder. 15 Exanple 2 and Cbnparatlve Exanpl e: After the usual
pretreatne tting

bal ance tegre%}gggo?%ﬁwguﬁ@afe i gﬁ%gf ﬁﬁ%&%ﬁpg?ﬁﬁ%ggﬁﬁm pl ati ng
gol d bat h que¥bys goly platicg wesdeltmy 3 g Au’ EDTA 60g/| at a pH of 8 and
at a tenperature of 80 C and then plated in the silver bath 25 indicated in
Exanple 1 for 6 mnutes at 50 C, the bath did not contain the surface

active agerﬁuﬂt@rﬂﬂ@b&bénﬁ@ﬁtﬁvﬁ@%ﬁm dﬁridﬁbté@@ftht@th@éﬂn@tlﬁ iesdr@d t o ageing
for 4 hours 00 %relative humd ug or _test), the sol der

Sﬁl’fp| e shld'ﬂé’@”ﬁ‘ i §EW%HJF%SISP|QGWEW'BG o bathdo \M"HT the\gliver sanpl e
T e iy S S e AL T

The result wet t ance test e |l yielded a
wetting ti mgnoentcatmrs@wenm Ewhmlaghl H'nqorleaultmgf thesvariag belaAbe SHEWRré RULE 91)

ISAVEP 1 5 JAN 2 erfor nd .a | agai n at
| oast 0.7 SebRiS G e Peaitediiietaf SneRinE mptfi et fRecti e 71 o
experi ment digslaceraént glatisy gblichath hhdlﬂﬁert WRR thehsilvieh atroititbut this surface

10 actlve agent. It has also been found out that the layer was slightly thinner than -

in this latter case, which may obviously be due {o the fact that the silver layer
formed is generally more dense if this surface active agent is used.

Example 3 and Comparative Example:

15
Copper laminated base material (5 cm x 5 cm) and solder test coupons were
cleaned and slightly etched according to Example 1. Then, the material was
treated for 30 seconds at 25 °C in a silver deposition bath that had the
following composition:
20
siiver methane sulfonate 1gAg*/|
NaBr 320g/1
Dequest 2066A *) 30mi/!
polyethylene glycoi 400 80 mi/|
25 2,2'-bipyridyi 90mg /!
pH B.5

*) diethylene friamine pentamethylene phosphonic acid

30 Then, the material was treated for 6 minutes at 50 °C in a silver plating bath
with the same composition (pH 5.5). The silver layer obtained was uniform,
silvery and bright, defect free and had good soldering properties.



5 material first with the displacenent plating gold bath but only with the
silver bath indicated in Exanple 1, this bath containing Lurotex(r) A25 in
the concentration given in Exanple 1. The results of the wetting balqgcf
test were conparable to the results obtained when the material was fi StAN 2007
treated with the displacenent plating gold bath and then with the silver
bath without this surface 10 active agent. It has al so been found out that
the layer was slightly thinner than ingghis latter case, which may

obvi ously be due to the fact that the silver layer fornmed is generally nore

dense if thirgr sHfpaRSoACH FefBren@s Ramiple H@S%ea?é‘@ﬁﬂéxecléaxﬁpﬁ ahaBieHiAg inve
er | b | (5 5c¢ and

Exanple: 15 Copp am nated base material (5 cmx sol der test

coupons wer &e seeandksilvendath oyt The silvenlayenobtaingthbad e doudyAnppesrantgen, t he

That  had ¢ nart Ay Bke heSriRaBBlotihe Sl s e tlearpOabler PR | |
NaBr 320 g thdt oflesifietisagfipf®A *) 30 nl ! | polyethylene glycol 400 80 nl !

| 25 2,2"-bipyridyl 90 mg / I pH 5.5 *) diethylene triam ne pentanethyl ene
phosphosnic acid 30 Then, the material was treated for 6 mnutes at 50 Cin a

silver plati : ,@jﬂ@ ik 1Sl | ayer
obt ai ned méﬂﬁ#ﬁ?%&%}o&ﬁgl t?/ﬁﬁ?/ an eﬁ%ﬁgﬁ%%‘?‘?@%&@%g@ﬁ%ﬂbﬁ% :
sol deri ng pilbistrativeepurpbse anhNaxD it vadoromodiicptions ang changsisandigbe sanpl e

T e e R TR Sl e BE T s bbb 851V T
suggested to persons skilled in the art and are to be included within the spirit
10 ang pu'rview of the described invention and within the scope of the appended
claims. All publications, patents and patent applications cited herein are hereby
incorporated by reference.



Wi th distinct streaks. The solderability of the |ayer was considerably

poorer than that of the first sanple. 5 It is understood that the exanples
and enbodi nents described herein are for illustrative purpose only anq Stjmng(]']
various nodifications and changes in Iigt_lh t hereof as well as conbi nat'i ons

of features described in this application'wll be suggested to persons

ski | | edClaimshe art and are to be included within the spirit 10 and purview

of the described invention and within the scope of the appended clains. All

publicati - @ra(ﬁﬁ't i [Wolt i j . her eh

i ncor pgﬁ'édtp e t%@wégﬁ%rﬁgﬁc@gv 1 ?El'\'l% g%?%%ﬁﬁ&ﬁ%ﬂ@%ﬁ% r%cﬁ‘&rﬁarerlgxéegi | ver
on a sulifit azbppeysarfatespbmpdsigt pl ating reaction provided wth a copper
surface conprising a) depositing a layer of a first nmetal which is nore

nobl e than copper on the substrate in a first nmethod step and b) plating a
| ayer & dsiposéingahlayar af adirsttmeatad whichaissaekenadhie tihan ceppgr, omthensbisdrape ovi so

that theefi | is,deposited at a rate that is at nost half the rate of
DPrifst fitindPL s Ay

plating o ver e second nmethod step when the first netal is silver,
wherein the | ayer of silver plated in nethod step b) is thicker than the

| ayer fa i : | [ 0. the
firet nAPis Kier RRhALY dh odGuRSRE N CR G et b i (O RHELED
wher ei rihgthedidstunetad ipdepesitedratra e duitds at ruisthalithe rate of ipdatinet dfagiver in

accor di to ope of the clai 2.and 3, wherein palladiumis plated froma
sol uti éﬁgéSﬁ%é]meﬁﬁoiﬁf%WﬁE@&? firstanetahis shehod according to claim 1,
wherein the first netal is silver and the rate of silver deposition froma

2t 1 ondRaaR Bt B bafed I R E  3 ke BT M BB R BLr B Wi o P
silver rh@tah. 6. The nethod according to claim5, wherein the rate of silver
deposition in the first

2. The method according to claim 1, wherein the first metal is palladium or gold.
3. The method according to claim 2, wherein paltadium is plated from an acidic solution.

4. The method according to one of the claims 2 and 3, wherein palladium is plated from a

solution containing sulfuric acid.

5. The method according to claim 1, wherein the first metal is silver and the rate of silver
deposition from a silver deposition bath in the first method, step is regulated by adjusting
at least one deposition parameter and/or by adjusting the composition of the silver bath.

6. The method according to claim 5, wherein the rate of silver deposition in the first

method step is regulated by adjusting the processing temperature.

7. The method according to one of the claims 5 and 6, wherein the rate of deposition of
the silver in the first method step is regulated by using a Cu (I) complexing agent in the

silver bath



met hod step is regul ated by adjusting the processing tenperature. 7. The

nmet hod according to one of the clains 5 and 6, wherein the rate of

deposition of the silver in the first nethod step is regul ated by usjhgag 7
Cu (1) conplexing agent in the silver bath 1 5 JAN 2307 30 8. The net hod
according to one of the previous clainms, wherein silver is plated in the
second nethod step with a plating bath containing at | east one silver

hal i de conplex. 5 9. The nethod accordi to claim8, wherein the silver
hal i de conplex is a silver brom de coﬁg?ex. 10. The method according to one

of the prevjous clai wherein silver is . plated in . the second nethod step
with a bat héﬁig\ﬁ WS&'QgBFﬁ%CPBCﬁBQ ﬁ%oﬁ?(ﬁﬁ? Qrgvgasc ﬂ‘."’h?ﬁ“émrﬁé'f’ﬁ'b'ﬁ.pg%sardi ng to
one of the gty kéecshdohathitel steb Wil Hpikihy 8&tH SontBihiest Ibasttdie sigepnd net hod
step with g plating bath that additionally contains at |east one Cu(l)

conpl exi ng NAYERCOMPEX 2 The net hod according to claim1l, wherein the at

| east one Cu(l) conplexing agent is selected fromthe group conpri sing

2,2 -bipyridine, 1,10- phenanthrolin, 2,6-bis-[pyridyl-(2)1-pyridine,

2, 2" - bs chi rialThe méthad-ducpydingl toelahm 8¢ whiaeainl the stiverchalide complex is a

2,2' -bipyridine-4 4'-dicarboxylic acid, 4,7-dihydroxy-1,10- phenanthrolin as
wel | as derdiVgtProBude GEFBIFX. 20 13. The method according to one of the
previous clainms, wherein silver is plated in the second nethod step with a
plating bath that additionally contains at |east one Cu(ll) conplexing
agent . 25 1) Thegnetbod @ccarding ti one obthel pievicus claithe, wherainsilver iseast one

Cu(ll) co is | | e Jfr ro C | S t hyl ene
di‘ar e, et S ey ST i S PRt ok BRI 43t
di et hypene triam ne _ ,
11. The method according to one of the previous claims, wherein silver is
plated in the second method step with a plating bath that additionally contains

at least one Cu(i) complexing agent.

15 12. The method according to claim 11, wherein the at least one Cu(l)
complexing agent is selected from the group comprising 2,2'-bipyridine, 1,10-
phenanthrolin, 2,6-bis-pyridyl-(2)}pyridine, 2,2-bichinotin, 2,2'-bipyridine-5-
carboxylic acid, 2,2"-bipyridine-4,4"-dicarboxylic acid, 4,7-dihydroxy-1,10-
phenanthrolin as well as derivatives thereof.

20
13. The method according to one of the previous claims, wherein silver is
plated In the second methed step with a plating bath that additionally contains
at least one Cu(ll) complexing agent.

25 14. The method according to claim 13, wherein the at least one Cu(il)
complexing agent is selected from the group comprising ethylene diamine,
alanine diacetic acid, amino trimethylene phosphonic acid, diethylene triamine
pentamethylene phosphonic acid and 1-hydroxyethylene-1,1-diphosphonic
acid.

30
15. The method according to one of the previous claims, wherein silver is
plated in the second method step with a plating bath that additionally contains



pent anet hyl ene phosphoni ¢ acid and 1-hydroxyethyl ene-I, 1-di phosphoni c. aci d.
30 15. The method according to one of the previous claims, wherein sy ik
plated in the second nethod step with a plating bath that additionally
contains 1 5 JAN 'LCG7 31 at |east one surface active agent. 16. The net hod
according to one of the previous clains, wherein the substrate is cleaned
and/ or etched prior to performng the fiyst nethod step. 5 17. The net hod
according to claim 16, wherein, for cleaning and/or etching, the substrate
is contacte i i cli [.oNn containing at | east one peroxo

conpound se?&%%%goﬁggﬁﬁ%ﬁ%ggﬁﬁgﬁgéggnprising al kali peroxo disulfate, alkal
caroate and hydrogen peroxide prior to performng the first nmethod step. 10

" 18. Th thod di t f..th i | gi i h
metiod s dBr FReaGe Secqtolg bR e bl et maarain egiubeetener hoo
accordi ng t g gasmed aﬁavar@f&;\éblcmrfd BerBrming St fetha'fepr ate 15 is a

printed circuit board material and Wherein in the second nethod step silver
is plat®d for subsequently performng a sol dering process, a bonding

process, 197 Ph&ffsthdd abESAMNY BVaiA"Y, Wherin, 48RS Hnbifdr &fnitg"t act s-
' the substrate is contacted with an acidic solution containing at least one peroxo
compound selected from the group comprising atkali peroxo disulfate, alkali
caroate and hydrogen peroxide prior to performing the first method step.

10
18. The method according to one of the previous claims, wherein the method
is carried out as a horizontal conveyorized method.
19. The method according to one of the pravious claims, wherein the substrate
15 is a printed circuit board material and wherein in the second method step silver

is plated for subsequently performing a soldering process, a bonding process,
for press-fit technology and/or for making electrical contacts.



