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WD 2004/ 007798 PCT/ EP2002/ 009997 | mersion plating of
silver Specification: 5 The invention relates to a
woredohoa77dor di spl acenment plating plating of siPUREPIRg2/609997
di spl acenent reaction, nore specifically for producing
printed circuit boards, preferably for formng
sol der abl e and bondabl e | ayers on the sol dering and
ImRRISiOY pPatieg of&ilvert he production of printed circuit
boards and other circuit carriers, a solder |ayer
consisting of tin/lead netal has heretofore been
S ag&liﬁd with liquid solder onto the deoxidized copper
PEGIFRERY i n order to el ectrically fasten conponents
such as resistors, capacitors and sem conductor
conponents excess liquid solder being subsequen

Thedrvendiors rebates e asuethasder diselassnend piaiing plafing Oigllver by a
dlép?“ £ n%}:?thljé Iﬁén % écd Jrall? fﬁgﬁro%y% Hgfeﬁrlr{tgﬁ Girkih b6ards,

préfetably forlfevmirignepitiecivi ghe bohdbbipragerson thersolsring and
cases, the HAL process is only perforned after a

bogdingdhadsesi st mask consi st | ng of a polymer film has
been applied onto the surfaces of the printed circuit
board with the exception of the areas in which the

In tmammdmtlen af printedbeircail khardsl andother arnulitt caRfetsh arsetder

e s s S B
on?d el dé&é{j}lﬂéd ‘"c?’gg@%l?ﬁace% ih erdélhﬁ) élé@t’rﬂcﬁwgﬁi EomPonents

f or ned e CO nents nmay be
sueh ias kea@tqraecapamtom and semmtﬂwtﬂrscmhpmﬂjhs téxcelsligeid
ace d circu

sofffer B SUASE TR " Byph FroBh . adds ANl BHbHically

fromée hbl@s%%ﬂﬂh@ﬁﬁ@fo?; a3 aiMentarckmRry. TRkIRe®Bdas kAbwh Yinder
long time after production o the'circuit structures

th%ﬂaflfPeOfdﬂOhAEd-QMeﬂlﬁgl techiéed i pyocasap lodpprircases, the HAL
preerte Sl BRErhE 3fel A Boick fediaCifabl bl of A gk fner

filrh Inas Geeruapplisd otbuhe Ssushees of the shmsd dirzeit bpaiobwnh the
solderln In 3Q formng the tin/lead |ayer on th

exeeptiqn ef @f@?éﬁ%wh'%@el GAMRANeqHs aFe @/Eﬁﬁ@mqﬁ@rﬁ‘s a result
thés’réf)fd tBé 1 uﬁPsélPétt oﬁl?%e@mﬂawﬁﬁldi‘%yorpﬁérﬁt’rﬂéﬁ &t boards

dere at a later” “stage wi thout any prob
whéce dhhel cagippnentseatedipdres elpcivitaliy doma:ted he HAL

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
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
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
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WO 2004/ 007798 PCT/ EP2002/ 009997 2 process al so serve
to protect the copper surfaces from progressive
wo@zi0daoi7esr. As a result thereof, areas preparedl/mP10n2/009997
the HAL process are very easy to wet wth sol der.
Furthernore, the surfaces of2 the printed circuit
boards resist oxidation and other tarnishing
prth]:e% esseServe 10 grbed theesssuristirfages fitork pesgressive axidation.

of the tin/lead |ayer may b [ d i [
Astaw@suktlihprre@é,e@rgag3p¥ﬁ§gr@§y\@ﬁheg]aeclgI VQ%HP?%&? agqa{/éx{ll ena%y?g et

will A EERh S, T BRTats G BT Re A STRL OB esis
oxielafién ishddsther tarnishingepeeessesd aut omati ¢ nounting of

the conponents is 10 being introduced, the circuit
structures nust be fornmed with surfaces as planar as

Altﬁﬁggf;\ @Egen%!leiy&hiékﬁegé’hnﬁ@zﬁ{kgbﬁh@ tiriichBaay#may Peefhieved

as t st ances en the connecti ng pads
in gm?yihgmﬁﬂmbménpmcesmhyir?eﬂnsof are girdmifegstill consigenable
bet wee em occur . Th f
iR et S0k ShESHE b e PUGe o Ao
th??ﬁ%ﬁéﬁﬁ?@yﬁ&@%@b%ﬂdﬁm h2fic YhoGh iy yRilleagstpaientd &

(o]
_ ers formed by HAL on the copper surfaces.
being iptrotaced dbeaitcuitstiustyyes veust bexdosaedomtibsurfages as planar

(o) r._surfaces and concu t t
assaitie hieR iR BoRTRR ML PR bk PrRe RS ARy FiRRnces
beAWEQNBid BSnMEctindep o e Eomponehizadininisk ssold&Obrye
approach to mtigate these problens_consists in .
fomtmrh@eiavecedshﬂjlieﬁb@thla'?é’ﬂOl’ed?eCQO'éﬂ Thetefges. @ltefativie

chrouit struct d gl Wi
mehBEE e SR e i g PUCn RicBad SRBB DI thus o
di?ﬁwnﬁagﬁsecl)ﬁhectq/lebdi’.ayerp lfovneet bp HAleondpeeopper surfaees. A
In using electroless platin it s not_necessary to
prisgaRRISEl e &e preant pxidadon Al iae spPReic RIS AN Fang.Erenty
tofiegtan gmiehde YR Foithe ceor REHEAsINe hiRRILTREIon and
autpimation tof dimes componkatmauntingnpeecessghest qual ity
requirenents. It is both sol derable and bondabl e and
provi des excellent anti-tarnish protection. It may

Oh¥EhBRSIEN ® Aftigeitd tHesrroBlems 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
power 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 excellent anti-tarnish protection. 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.
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30 produce electrical contact areas, in switches and

plug contacts for exanple. This technique is very
wex@engi7’ve t hough, so that its application is PCTHEP®AI2/009997

to high-quality circuits. It is not suited for mass

application. W 2004/ 007798 3PCT/ EP2002/ 009997 3

Anot her high-quality end surface is forned by

{High-Redli | s@fidicisgonpad by sisdtasiess platihg the copper
An?éﬁa%%@é%?s?{dsol deralgi it mgy be achi lé:uveol Wi

suﬁaﬂeﬁmithmaﬂaditmm Bestisoidarabiify majbsi atevrd wgﬁﬁe{)!} fflm thick
I { | i , i
oo PR Bl oL A, g paatnratass or

Al E@HEE 00 roButs @bhtaice drezador the pinted esdicsitt droaeds Daeause of
the high price of Pal | adi um i

: ts yse.in Sy .
their sesliseotoiegHreBisce! Duedo th Bislhbrianef Palaivmofts ype in
[ t i sti f al kyl

ik BleRn B Rl R Mol S On the copper
areas is much cheaper than a coating 10 nmade of the
nmbi ned | f nickel . | d_or..of | adi.
o0 b raen iy el S e chr8ush s AN fhtkots o
al@%gﬁ&ﬂ&ﬁijh& by tﬂé%\r(gﬁpbr BebdsN8 mE@PEsEaset thag escdatvg
idiZing. ey are

eover very thin so that the
mdis aflttentergbmediayerofaickel mad gadd or bf prlrdiym. These

prileciie dWeig Orovics eipotbiayaish ré¥SfRer ks igyE itha te
cc@fg%g %8th¥§$ raneoRRTY. TPROGre AicreBOEr Veryl thirsso ted the

nhoused sem conduct Or conponents that are
dishdwandagks dee ty anriregulaethickness disiribulion apadingthe HAL layers
Moreoyer, it is not possible to solder one nore tine
arg %W"#tid circuit board that has already been
subjected to 20 a soldering process as the organic
protective |ayer is destroyed during th

L first ,
Aslisatvantageciherenfiowevar sothal e agaakk Bileclve iqyers mentioned
[ l.. i . i
o AU Ry lfcofi b obpgopéhumtun
placeddirdctibnfoutine grivded sirciihbodrdseMosedverett innohpessible to

organi c protective, | ayers.. 25 ther alternati .
soldenaas moreaee A orsilt 6oarfidratifhs A-b8ayPbpl Sublected to
e ' b SRbASPEEE destragbl @uriby the first

2 Shlceinb probEsEhs IRFoNiAL BroRbamoaarer yeatnig
soldering operation. Also, the advantage 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.

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
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 to produce contact layers for
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just as the organic protective layers, the tin |ayers
provide but a small tarnish resistance. Furthernore,
W bay/oaoohot al l ow to produce multifunctional BCF/ERMEZ009997
since it is not possible to nmake el ectrical contacts
with tin surfaces. The 30 sdl derability of the tin
| ayers is given since the tin layer also provides
switeles and plugscentagtse. Mul tipl e sol dering steps however
are only possible under certain conditions.
Furthernore, it is not possible to produce contact

Sierysiatng iivole68xts @9t gy B@‘Ffoﬁ%@@&@%%&tmg‘l Wlth but small

swi tches and plug contacts. Silver-plating involves
thigknesses rdinatsilverdayenpa cepperalteaspnestsiganyiconditions of a

P gl BU BRI B p AT BBt for

soldesing apldbcﬂmbmtffoc Bbhding Sipbli€stidriyss wellBFuriiérmstbythese
be utilized for soldering ?pllcatlons but for

laygthalSRd ISR Vet IoBhEOTHACHiBRE anagr shiakdhey mewealgo be utilized
h
to foPiB0 Fon PR R g SRS WSS SRS S ™

printed circuit boards as well as switches. 10 The
er are

known od or, depgsit]j silver onto co
The BB ngRel R deRPRERg Mﬁgrogwtaﬁoapsf ArbAracher thimsen
| «
C T a0 DI FELRAARER ki 55 of £ 8pifibmont pating
reaThien siccoeding 49 equation B¢ about 0.2 pmthick. It
protects the copper from oxidation. The silver
surface furthernore allows multiple sol dering steps.
The |ayer is%qn +and i's h504SA bted for press-fit
t echnol ogy by iC onnectlng pins of electrica
conmponents are nechanlcally pressed into the 20 hol es
provided in the printed circuit board in an effort to
ThewsRverdaver Biayrheapout A ihiok. thptatectsithe gopper from

o4 145 S GR G gREB R L SUEHAG RS e

Iayer isaplemat and ealsesulited faspriegs-fit téctaioidbyy by whichihe be
HAL surface. 25 The

O HEBBANE B 18T G oTIPPYERS Apenecalbaeressed info the
holé&idrbvibéa% & bRffed®itc@it 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.

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
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 imidazolines, alkyl imidazoles and alky!
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storage. As a result thereof, various inprovenents

have been proposed: EP 0 797 690 131 discloses a
woredohoar77e§ coating a printed circuit board by P&L/EP2002/009997

pl ating the copper areas thereof with a | ayer of

silver by way of a displacefrent 30 reaction. The

silver bath may contain, i.a., tarnish inhibitors for
benzydinpdapues, bﬁnmaiazblm finzode deiivativespoxt stﬂlsﬁtuteu@

tetrpplasod e RTLL IR AN HE00E et iy reatm Rt ol
silveRshiane! 1A M\@a@@%@@?ﬁ%s H@h@?@%t@ﬁ@%ﬁlshﬁnhlbltors have,

benzyl I'm dazol es enzi m dazol es, triazole derivatives
in somde sasss,u aniirepacttost thaAsvisonmEns. Afiera &irly lomgostoraas time,

ed 0
the g Siaing B EnaBiB AR kb I ooy okt n nme reepiote
pnrﬁtba dirduftivgard NI dthéreriowsues, the corfsHitn egsisianc@drappeact
on the environment. After a fairly long storage tine,
corssigerabliel der abi | ity and bondability proved to be very
good in sone areas of a printed circuit board, in
ot hers however, the corrosion resistance dropped
EP@797 &80aA1 Wisddseld &/ hétii@d ok erdimclngsme solderabitity dfasopper

enhanci ng the sol derability of cop Q surfaces,
surfages, m@r@ snecH qayy 8f Ppntesk it oz, B eé?l% a sil¥eriayenis

ap@l sp# acema 2 ea t5 g%BLérC%g?ér?oréé&I' ? 'f'&%%fﬁa/e 4E \TQF silver
layba}eeﬁormdfw carttabiyngs thret smfacmag wittean lacichc phatmg tgolution

ating solution t ai nin ver dazo
coRginG & SINRETCRPep gty FAS Brereited souresndr silehoheylsed
lssﬁwgyﬁﬁﬁﬂétrate 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

o B 5,215 ke St HTR i

of & @uprace ih Wech 8fcopperplated pndteaiectuaiuutlwana nsetbasltisdt first
fromthe group 20 consisting of gold, ruthenium

coamdwmwadmerpa‘l silyar IgynmlméS@n ml@rnq@ eaethey mefa| I@V%Iaemg

apgCI f‘c{a Qghxagwﬁlloérl %'aldv té]'&eﬁr?%gﬁleg%g@ﬁﬁ éﬁ% ar

consiktieg abgbidt yutheniuhs rhddiljm end palladium. The silver piating
solution preferably contains silver nitrate, 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
method for forming a layer 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 06-299375 A there is furthermore
described a processing method for metallic surfaces in which silver is i.a.
coated with a chemical conversion layer in order to achieve improved
resistance against humidity, chemical influences and action of heat, thus
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In Patent Abstracts of Japan regarding JP 03-002379 A
there is described a 25 nethod for formng a | ayer of
W@ Rioe077080 copper, the plating bath contai ni ngPCT/RP2002/009997

addition to silver nitrate, an al kyl im dazole

conpound and an organic acidbor the salt thereof. In

Pat ent Abstracts of Japan regardi ng JP 06-299375 A
enhancing thef smldeepnmemessGocfesmrthb@ﬁemlmmemérm @bh QHe
Sl&ng Hﬁé@”'c a ﬂ}nM|ch silver is i.a. coated

s ilcte gf GuPaye SoluioprcentainiBg Aeevaiive of

imidaptcded resi st ance against humdity, chem cal

i nfl uences and action of heat, thus WO 2004/ 007798

PCT/ EP2002/ 009997 6 enhanci ng the sol der properties.

3368073 1, P4l RN Sl ok o S,
aduiiiivratonsitver doreat Iast offe ﬁfetal'é@lé’éé@ Iﬁ‘?)m a pq%’u& cgﬁﬁiﬁﬁﬂgl of

a/&-}z furthernore describes a silver alloy atin
Peligdtum ians, |p|‘ﬁt'r&kﬂalqmsoﬁolldd095|amdrrhodmn &nsl ﬁ&ateertbat the

o5l RELASh Lol £ g UBHETAShiAS: O BLASE T

["at T num’i ons

cogsmieeablynbankshm thesedﬂbjémg mérist ance of the layers
deposited by nmeans of this bath increases
considerably thanks to these alloying netals. 10 The

THWWATRItAEEs ?&ren?]%he{ﬁ@' tﬁgestoh(??r%g'hﬂﬁéﬁgpéé@y\lﬂ.ﬁ%@&oresent

copper surfaces presen
tha‘fmomhthdIMIaotagebe outer layers fornmed to enhance
solderability is often not 15 uniform Furthernore,

it may be very expensive to produce such |ayers,

Theathidkfek8of Yhd BUKeP fayers forfledtd ons?ﬂ@%ﬁpg@é‘fg often not

al  adium [ ayer. In“sonme cases,
unﬁgrmhgwﬁhgm@mt.my baaremax;mems:wto pregiucaach layershe
aye

L T N e N
constituehts frendsaebinnineit prRtuGRH tAheRAVd §3briggetActoP e

Furthernmpre, the bath described in

enYﬁ%”'@PQBHS%ﬁtQag@lwms carHainingrplromiuom(\6. Im nearyl ¢ases, the
lay@kd fsihted Afe ROt dittli 8 &R BORAE E8nRlctidld MlPLESH P contacts.

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 turn 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
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 specifically on copper surfaces. The bath contains at least one silver
halide complex but no reducing agent for silver ions. The silver halide complex
is the silver bromide complex of preference. However, the bath described in
this document hés the disadvantage that benzotriazole compounds must be
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| ayer. As the alloy conposition in turn depends i.a.
on the relative concentrations of silver and of the
w@bdoapdrigs net al ions in the plating solution, PCDRP2002/009997
of the layer properties with regard to the
anti-tarnishing properties i’s 25 quite conplicated.
Furthernore, DE 100 50 862 Al suggests to utilize a
adbdied in ardério aehievd good soldening resulis| he hgnabdtridzoleer on

oSt 05 a5l i ok i i
thé&é%ﬁ%)f ?cg)}fos%ﬁ WRSduts g&hﬂrﬁg f&%@é%ﬂ?ﬁp&i@e rlﬁ%fd?’ﬁ'l of silver-

silver 1on | ver COITp ex
sulfurecasnpaundsdioo exadmple idtena sionipefiod adf @@eramneofeme beﬁile the

SRRV RbR e, Whee SR RIEWRTL ehd Batiobnapo i wBE sitver
colel’{HéﬂQé@ #heR%A8 batf m%or@!snm pﬂirﬂﬁéd t vhxafd?s@ysra%ﬁ &f the

déring results. The benzotriazol e onpounds serve
sulwllmnmgrease@raﬁeeen ageingireatsnentayith dfw beaiold hursohb5 °C)

anftiiel R8batBL1 ok, oB3 IRICLRA B et odR oLnas

redponsibiéfor the stohgredustisn in swdéoRefingasfanatsiioer lalet.he
bath, the 5 silver layers produced were slightly

yell owi sh and had no | onger the white silver color

EF ('8Y6Rf6 It%on %}ﬁ}(ﬂétcps esf & ﬁ&h%d%‘f%ﬁ@ éﬁl@% Taﬁ\llér layer to a

di scolora er 'ayer - inc
glmge;ubgtrateemtmnh anfirshsitheyr lingstis @épbsuﬂe@ pnd:ﬁﬁ) deposiiing a

4 h 98 -
Se‘é‘éﬂfg?'g’ér %'rfr(téélﬁgﬁgﬁyﬁf © ?'6?” ?'ﬁ@s @!&téﬁ gW?@Eﬁ?@t en

n t r
Se%%%ﬁé%%bﬁ?@ bl efectiapliting, THE' depkisiten f@ ot g st
silvexyayertis iradicafedds beudt0 navieoum Daninglthe eléctealytic da;ams:tlon of

| ayer is de e r|or 0 _depositin secaon
silvgfy @é‘i‘yq’eﬁﬁé( ”9 %&Ré ¢35 012 QLS teﬁwm'@@p@dn@y;e
pl at ed, whereas the second sil ver Iayer is applied by

el ectro atln The deposition rate for the first 15
U.8i Patent &w&% <885 flrtharaore seserises armethedrfor the i ng

aulgiBeyis behg o eaR e b esafistifpraGsaMif hoer Sher
or Hold. inRaé ehésdie of Pty Agenthanigh, @vends icabef gatalytically
actrlr\% Qt?gstﬁa%cres tsngh as copper substrates are to be metal-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.

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
that in these cases the silver layers formed are provided with a relatively rough
surface due to dendrites.
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autocatal ytic plating of netallic and non-netallic

substrates with copper, silver 20 or gold in the
w@e@smeorres of a reduci ng agent, which, even i n PEFEPN2/009997

catal ytically active substrates such as copper

substrates are to be netal -8l ated, the method

consisting in depositing a first layer of gold at
It ig therefare apreliect @f the pvestntimeentigntto @xoid the drapdacks obihe

niib B 630 2MEHB e Sorcaly SRb g Rl B Whans.oubjon
soldesaisie Ghiddomeisbdieofayérs may be forvetd Orethe cippEngutfaasdat k

of all the known methods utilizing the anti-tarnishing

solgleripe @ddoneding padedhe soldaabiliyeid oraakilityremaining

_ b L . s el .

suffBIRAID ridh bfert S b 1y ond slofade Ik, XnBiridtnod shqulg be

easy tacawy eut withoet egaplicated pracess domrattThenbomding strength of
envi.ronnent.

thef RIeRIG Aad Sonsable RIS fyen ShpRL Tiose eRy h very good
A e P o B Eposlisy g B GG g iRy even on

largeeceppmrareas.obj cet of the present invention to avoid
t he drawbacks of the known nethods and to nore
specifically find a nethod by neans of which
sol derabl e and bondabl e | ayers may be forned on the
copper surfaces of soldering and bondi ng pads, the
Thedaneldedin Eiccgrdangetydtiutiis inventioresrives ig phite siiverdieat | y

. N v faj S a e, T net hod
cisghriF i deduld{ ofy Sabera B PanbRb B sEPeeni drre
prafe s fithont mgih% alieeubipgchgemt $ér theghétadio bé fdélposited. Silver
sol derabl e and bondabl e protective |ayer should
depesition Sy Plalingeyia gydisalacement reactionds 40 berqangirype @SA be
A i .
defi58A3h WEfinich ek Bl R GIB0EEIn Bk o e (i dfiopositea.
invention serves to plate silver by a displacenent

reaction ontq a substr rovi ded with a copper
Todgrmd %,SO%EF%?%%@FRP%%&W%E‘H#%%@ a reduci ng agent
for the netal to be deposited. Silver 15 deposition by

plating via a di splacenment reaction is to be construed
as a) a first metal which is more noble than copper is deposited on the

substrate in a first method step and
b) silver is plated by displacement reaction on said substrate in a second
method step.

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 method 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.

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
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deposition in which the base netal is dissolved in

favor of the netal deposited. To formthe sol derable
waea4boartgabl e surfaces 20 a) a first nmetal whiBEI/EB2002/009997

nore nobl e than copper is deposited on the substrate

ina first nmethod step and B) silver is plated by

di spl acenent reaction on said substrate in a second
surieechateasolcihe RUpstmate, fer exarsplenkdm® Te deitérmine thérdeposition

filr. i.I St

ratgeter PEhB S BRE eyl alit s istipers Bt ot asopucing
to thatglver dehaitidh/byemeBh8of BBemidal Ht%rﬁrﬁ(@g!‘ EomeEhRatelllfific

The first metal is preferably deposited at a rate that
acighisnd tle amaunt @ stripedgff auh@rn@d@tegmd analytigallys Syesrmay

be cBferhihén By H5RCaBabibn spBafo MRS b ekdtfior I i ne

first nethod step is defined by the mass of silver
deposited within a guedeterm ned | ength of tinme onto a

Thﬁrpéﬂagerﬁﬁe REGINRH fob 809 boogdable lagers in the
sezzg%{ Aethdd ?%goére?é}gb%ﬁﬁﬁ%% 5 £ o‘i?\?)ﬁfﬂ?ﬁ k. ?\ggorg?; , the

erm ne Eposi rate deposi
depobsition beteraftsilveninf the dirstsmethodmstep puéfbratggalramgiesrﬁvom’,hi g5

h |
ey O EOEGR AT B T2 - ) B0/ B TR eErimaR bisferred

froft 6 i7Ped rﬁ% mitkdrer i s deternmined analytically. Silver
may 5 be determ ned by atom c absorption spectronetry

for exanple. The plating rate of silver for formng

nid TR e BRA BRbEY R ob S gBRsRBn eP o
79PG00BH Bk ¥nethdd in @RBERIance Withehe lﬁf/eﬁﬁdﬁ/i@,rcHaF‘aétEﬁzed in
first method step preferably ranges from2 -

thatdherpiardayerds oreyided wikdninreved propertie® ngthm tﬁmeanﬂthat

te Qe8I BB horldaBiP ofteingt, pofuiR ler A0 GQRRRRGE o1
the lay&R I@ImﬁtQ)Y/eGQﬁ/eBihode@bt@iﬁtddcaﬁerrfoﬁﬂQmDrd aﬂth% mfoteh:tlt/ée
i nvention is_characterized in hat the silver |aye

layeg ageordingste BPth 79 AFE8RY Tmedamrpv% sogerabjlity result%ln the
fact®Rtithé Mer produced in accordance with the method of the invention is

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
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
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
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the solderability and bondability obtained,
particularly after ageing/storage of the layer, is
WO provEes over those obtained after formation BET/EPE02/009997
protective |ayer according to EP 0 797 690 Bl. The
i mproved sol derability result® in the fact that the
| ayer produced in accordance with the nmethod of the
aceordimgi torthe gneihosli cg‘rthé irentiby rémsiresd mhpbﬂelp)br@htéand

STRRLEef P 150 6k Bl SiRmiims
th@gﬁff@fentfr@mmpm rréé@rd%@ﬁ@@b?ﬂ't)f Bf ﬂiéesu(sm%ﬁé%‘:fd B¢ wetted by

| ayer is stored after production in a dry atnosphe
thegioldeyithahwigre ohtained by ating mwith ﬂwerlmovmrestveprla)@rs bn the

o8 ha RPaditn 14erd BliduiRa rbraind 8% o bRt ipwgrsion on
thetathephan@ 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

strates i ded
PO, e Bon G Shrenbi PO S 9 BYRE bh SoRpeh s itacss s
indeemsed velten 0tifng tHOMeBOSH &1 theriavestiom If ke Pré\ﬁ@hsame@él
the.corrosion tests. This is indicative of the

d?Rﬂ%ﬁq Bepde capiadeuien festrRrRes suiriegeaathersiver ayer may

o P LRl i Ra WS 0 5P 8 ket B BhS etiode pary

Otﬂdhades’r @lnr@jhe;sl\tmbapmas Istrdngly bdr&jemm?thélsmﬁfabe@lth@dllver
ely bright an ery, even after th

X%rn?%‘ﬁfkﬁﬁ’y? gly\ﬁg.lréo%#{(ﬁ’ Inayan of dfie l@d@&e@posﬂed
actRding 8 thé Rvetitibh¥hdledtRat

abi | i ?y of the slubstrat es tofhb%%lWeHb g?g%g J?fgdy ponded
toithacoppeeswiiace.ned by coating with the knovvn SI | ver

| ayers on the 5 one hand and with | ayers produced

according to the nmethod of the invention on the other

Flhaﬂyj thé& leyidre fomied irt Accop@atia@ith the ﬁi&tﬁo@fof Eﬂhem%hﬁ&{ are

?%er on copper surfaces is increased when utili1 zi ng

Uwﬁqrﬁb dn gisinchibe; methed dascribed in 55 693 RI0ET 4o demOSIt the

BBl M S e SR ot WD
nmfybt tmth&sa:ﬁmier tThe"1subves tmyen bht?,dfot'mBSn i8S bentE® win'the Bdrders

te an adhesive tape i s stron bonded to the
h%/grzﬁ%glaéjsyotpeqmg S\ygph a deﬁse layer of sﬂgery 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
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 substrate.

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
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| ayer and then abruptly stripped off. Exam nation of
the layers deposited according to the invention
w@haweadr7dhat the silver |ayer remains strongl yPODREA2/009997

15 to the copper surface. Finally, the layers forned

in accordance with the nmethbd of the invention are

nmore uniform in using the nmethod described in EP O
comeVIeameBy treoreadify siechanically pyess-fitied éxtarpligh-piated holes in

r st d osSits on.t e sub

printef syl idBrgStpeps TNPE TovhBoards abeqdy Somgrfey wih
liquifl @o¥er May be oRidred dM&@nnbree 6 PESHAF 1 {he baarelsTFoF emple

been coated with a dense layer of silver, said |ayer

having a ,,cloudy" appearance, i.e., t he | ayer is

As 1 sy kR et shMpBinb MR BEMIER soblipuous,and
nondpdrogs eoatimg onide0pper siafsessd e thudl frotddied coppat swfaces
the layer fornmed is uniformin all the surface 25

have geqd S@r'dqrm Ropsttiestevenaiteraa faidykang sieraqg dmeridas dest
comlﬂﬂo{lggs@\ nlﬂgrp@g Eﬂ?r hext 95t %@%rﬁgf rgcfe{}%/ﬁuch foxld® lgﬁgr_%e

€ areas rate as

easnAsfomm althdught the rtlmoknesémf theyayeifsds peefersbly edsothemonum. As
theﬁékl[face as of the

b
a re%'&ﬁﬁ'f? {5 Pessible ‘P\?g?rel Riipded %ﬁ?i‘%ggégjsc\g%? PHBB@I%SlﬁfﬁFeS
that rp,%,r\}e (??Pﬁnett‘egfgd anH%%ﬁg%ﬁ%P Ala é&h of:ﬂh"e ékgﬁrlﬂ%s

treate n thi's manner € SO dere and
and piads qartor doynqurd hhe: slestrical Imampdmm@mwsmmmg\tq:m mscunt

tri | 20 4/ 7798 PCT/ EP2002[ Q09997
boaidis b FRaubf T DaBdNe FuRBER ARea Pl e baes 414 thepads
servirﬁ‘d ﬁjléiécﬂlc%ll?@oh@bﬁmé SompbhehRd afl PodsibyPERY Eshductor lines
Mor eover, printed circuit boards already contacted

as wegll, gre pmfac@ds brigeto siveripdating, dee eanduclor lines:are bowever

usug P aiell ireg SphEr e AT Reloane PobRRL ke b e

for thoske region i whichaslettriogl compoeersRPe to Herraaated. t he
thus protected copper surfaces have good sol derin
?ﬁier

Acconciny § h@s)aw&f spldesiregist i wq@lhycﬁ#@’lrgftaﬂn&lgé toithe oy
t r
side5 3% e SRR oAl SR B e SR et SN oy er s e
dep@ﬂtedbnhnl@eémrefcopperamasrs is preferably less than 1
pm As 10 a result thereof it is possible to store
printed circuit boards with copper surfaces

The method of the invention may therefore be used in a particularly
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
a matter of course, other applications may be thought of such as e.g., silver-
plating for decorative purposes or in the production of coatings provided with
very goaod electrically conductive properties, like for example in electrical
waveguides.

As a result thereof, the method for forming protective layers of silver on copper
surfaces, on printed circuit boards in particular, serves to subsequently carry
out a soldering process, a bonding process, the press-fit technology and/or to
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t hat have been pretreated in this way after
manuf acture of the conductor lines and pads prior to
worewanotbe el ectrical conmponents to said pri ntBGI/EP2002/009997
circuit boards. As a result thereof, both the surface
areas of the bores and the Pads serving to
electrically contact the conponents, and possibly the
makerglaciriocal contastsl Fhainvwestion ralaéepinopasticeldr taetheoprodaction of
silyver-plating, the conductor |ines are however
PU'I%%!&%‘&%& ed with a solder resist that covers the
printed circuit board except for those regions in
whi ch el ectrical conponents are to be nounted.

Thedeards pepvided huith ayalr siber yeds meeiglisaf the ugyakregpirgments

fora|ssh 8 sk G LBodt Byl Eyiots shrngaly] hEfands on

suffiaiepit ability) @X be Abtiteineigh seidepateon tfter b?émgcumm divireas.
The nmethod of the invention may therefore be used in a

copdifions aramst. Fugbemnmargetiessitvgn mers Refmi tp Alaermaiedrical
corgl,:a'cp%gé%scfo?g)g%ﬂu&?@é\?ﬁchééqa@ﬂ‘hﬂﬁ{dé(?cl?rgﬁclrshe copper —areas

prin circu boar are coated with
silver. As 25 a matter of course, other applications
t hought, of_ such a [ for

Thgaé%agifqrm trths st Sep pﬁ“fﬁh%f’ﬂbﬁ%%'ﬁ%ﬁ% %Bfe'c% iGapeer.
ThiY @S dnd 2 el¥afdmORRKoRl S ibbfdrdmiearibiitdl otential) of

properties, Ii or exanple'in electrica
thisavetgliiscasre Bosifige thancthelaledtremetive farbe ofreopper dhtained in

cobRABREEARH Ll ok S R o

eleTH0dRS WhenSHBSRRpBPElifadeis! dbntAtbd AvifiPindedd pisitRindsR For
bondi ngdprocess, the press-fit technology and/or to

a
thenrst ometab 3o somditioErEles/agoiedvthat the fiegt enefrbmayiheaplated

onfiP e ortusy SRy B 4 fofePofil redbef. hel bR
thenridialtid cbppef BPthel cippes siEete B dissbivéd én fasnbf the first metal
requi renents 5 for use in the printed circuit board

to bedlamogiied. ABexagRie pf silvar dpposiinamscanper suffaces Egiven by
t By fneRicta"EeRin A 1 15 WRplacBHichiRaCoR gFgD

displacernehiapiatisg pesdest, ho eatesnall puweredarte aadino additicred]
areas for produci ng switches, and ﬁ)_ll ufg cont act s.
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, metais other than palladium or
gold such as ruthenium or rhodium or another element from group VIl of the
Periodic Table of Elements may also be utilized. Palladium and the other
metals mentioned are preferred over gold 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 metal
layer.
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10 The netal fornmed in the first step of the process
is nore noble than copper. This neans that the
web@anoundt i ve force (el ectrochem cal nornmal pRCERP1082/H09997
of this nmetal is nore positive than the el ectronotive
force of copper obtained inl3conparison with any
reference electrode, e.g., with a silver/silver
If oviel @frthd enetalsementideed Weesin bbeve app atilized thfoemitse metal
with the deposition bath for 15 the fjrs

t t
deonls O F1k GOk S ieGRE pEIobLS Plafing) n 4 RuRSaCHENE Slage the
actBl %ld@%l@%n@'bﬁn@%blé’ﬁ%fiéi%r%@%@lbeﬁfé?éﬁéﬁ%ﬂéﬁ f the

acenent reaction. This termindica
seq:mtda‘aﬂepcs mqnperompacrt leedogrpiosm and fsanrevnded dwtlxalkng#ubn n

vodifistGnotgnine RibFaR thah S ieimD meliigus. Jherighyable

and lb@naa@réesmmay@n gﬁb@M@t bedmafe ﬂhe rietithah MHRIFERE first
reaction of thé di spl acenent pl ating process, no

mesgl was apt ggmteﬂdlrméo@mernmatm@u tional reducing
agent is needed for the deposition of the first netal.
In a preferred enbodi nrent of the invention, the netal

Slrfcxer tedirsthmiels id preférabietgeskitideshtb she @bﬂ)@éﬁ SUf4Resdf k/@ry
principle, netals other than palladiumor 25

SWU&\JG@@tl%bﬂh@rﬁawr@d thab theutinsd metalglaas nal|fers & cq @mous

meitfenrl Indboge BT hEod ity MurBLGTTK SublfR e
depmsatem @cﬁldemﬂh ané bogdbbiessiveriayen ISJ;snobgblngbdneﬂ dir’eetly on
rial, the bonding strength of the silver

they Giaper S ﬁéPé{PT Foe dtieas: T efvamiages gesabatat ekl

obAE Ao B e oG bR Btol s M R Bl b i
limit3he fscope of prataetioreobilhe ineentiom doe ladvmtagﬁabobsexared are
uf | net a the co

attfbiteldnd fad A sha frdTinbtar (2 PBST Sudlnf Coopal Birese.
prcﬁﬁb&&ﬁlmﬁr@sééé éh'épecﬁﬂé pbfstiRPicthe édfﬁ‘ier ka)8&e thdtss more

| ver 1ayer obtained in the second step is nore

pos,law@ﬂ@an Hisd ofi the eepRetmuriacepyity sueufingt PAATR depgsér The silver

oo iR R LS P ol bR pore

compacemanneb ewenmah theprior ait mesthbe T ativariiagéous properties
netal was not deposited dprl or to silver-plating.
of the silver layer are thus achieve

Instead of depositing a metal from Group VIiI of the Periodic Table of Elements
or gold as a first metal, silver may also be deposited as, just like the metals
mentioned herein above, it is more noble 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
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 silver deposits formed.
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Since the first netal is preferably deposited onto the

copper surfaces in very 10 small quantities, it is
w@s®uneriog hat the first nmetal does not form a PCT/EP2002/009997

continuous netal |ayer on the copper surface.

Accordi ngly, although the si#bsequently deposited

sol der abl e and bondabl e silver |ayer is probably

Thé eioktbsdl gfehé nyetahdepbsitsclopme is tiid frst snethed sty ge
reas, the advant a%es descri bed are S&I Il obtained.

extmmﬁwgnal{ e figstirBgiah ipven sonet Yisikle onihie porpel sWiRces The
th'(?ﬂ‘thb %%%a}gﬂégslth & {fhe scope of protection of

the advantages observed are attributed
to the fact that the first metal deposited onto the

15 REmelf i lneliog i daniea o b Fedipipeth. Tols b e
preféaBi! &t SuNArie ARREITHRHBIAAT Wil $/ bk Shedtaly

deposit. The silver plating is delayed as a re
amtouet tsotergolttnhay of peursel bﬁehlghan apd aargé from Bdo & fQOexample

h hod
R R aIRG 0% i St Belsl R, e By BldverRAicTany Sited
tho@;@h' Avsdfertatté @fticodcid @pAsEh fratibrRisTREfdfole @M - /b
of the Periodic Table of Elenents or gold as a

first netal, silver nmay al so be deposHed as, just

T, G A6 At 10 LG oy
15 c &9emgh antllrhord Spcifididlyfabotit S0ahell. | ayer i s not
applied to the copper surface in a less conpact,

porous manner, silver is deposited in this case at a
: I 0]
@ HE T LR Moo AL vl k65
preferta@l;smgelatedtby adjustingsatiaast ase depobsitismn baeamemr pindfardy
in.the second 30 t ho th deI toformthe
adiiig e Famanatige M apainigeed uigmostion o ' assurmd
that the electric potential of the copper surface

beconmes nore positive because of the silver deposits
Onecﬂemasltldmma_remﬁteowmmfmmzmdepesitlomatermay be

redyBRIaS e ack SndibRlnsrSRES ot funld B kilvgr bSodfio hatty s

run Sl' H@qbnwe?athk@ nfdy b8 éh GRPRMIgeSHi rb@ﬁﬁtenﬂ@atdrélf@kéb@ﬁple or
probably of less than 5 nm If the first netal 1s

anmm %hﬂvenﬁnd M AQHE BB dlor 4% nCeQﬁ legs, dhe prRfefredThi s
tent?;?éljéture ranging from 15 to 45 °C, more specifically from 15 to 35 °C, and

the most preferred temperature ranging from 20 to 35 °C.

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 silver ions are
preferably utilized as silver methane sulfonate. The concentration of the silver
ions in the solution preferably ranges from 0.5 to 5 g/l, more specifically from
0.75to 2 g/l

The silver halide complexes most suited are bromide complexes. More detailed
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preferably contains sulfuric acid. The pH of this bath
may nore specifically anmount to zero. It may of
weownder7ie hi gher and range from2 to 3 for exBOPER2002/#09997
bath containing 0.5 nol sulfuric acid in one liter
proved particularly suited, 15though. A preferred
sul furic acid concentration is therefore 0.1 - 2
indichtibns &Oth‘léhregdmdtvhll be;grwnherefhaﬁ@rhﬂ@bmdes@bmg preferred
conce pr ef er abl

ciRpSitins ohe ek Petftaﬁrz;é%ae@m SeeonRmetned Stae Therather
cdi‘ﬁééﬂeri@ of teVB&th fob ?ﬁé e, s[l@%reddﬁ{)os‘f‘ﬂ (éJY b(ﬂ)df

first step i1s 15 pre era regu
surtapstmayi eoueppemd i@mqmrdrtheéwaﬂafmr/formmg thacsoleerab@ and

oJrbT TR et dn i Retelmithod, e 1 10418 Takosdiig B siver

depiistt imthe st metauhettﬁﬁeim édtﬁu&ié}@ﬁ&:lﬂtﬁa ét%ré’ﬁrcﬁfeﬁ@ﬁ(l ) and

at which the silver osition ba 20 ru
atleagiang: QH@')I@@WFH@XIM ageet ridacgovef, thedrath @mec«ambarresurface

o ARy B Al BB o ORI BBl s

from15 to 45 C, nore specifically from15 to 35 C,
and ege nost preferred tenperature ran_%i ng from20 to
Inpyrposesdllyadiupirg the sompesitiopof the deposition fhath forsilver in the

R, FRIOGRURT o U ok oB AR T B

memrhcbrr&eid@eﬁ))oclnmtptmﬁdrg)dgemmﬁyﬁd sd lh&hedﬁpb@FWn%ﬂﬁbl R driits
cofite el mEvdis aiisig iameslatyalimin: vaivadh order 10 achieve a
ép@r&e t

pref e%bﬁi/ﬁdr?gﬂgégef r%g?nd g}éeé?pcéeg%ﬁ @Eengﬁ%%g;p(bcc}c?ﬁ%lgﬁng

agend may3or exasipleobe 232'+bipiiicyl or lamethdrrajdmtmmmmim)tﬁe
iled WO

ui t ed ar.e .bronj de_ conpl exe Mor e det 3 )
stiBayp /ﬁ@fgbszgﬁaﬁeﬁhmwr@pgnitweqeﬁrmme
n ..
de;)p?g?igﬁrbgéﬁ hsﬁ%ﬁ%’é?”?‘?ﬁ%@% Vé‘l%fg‘?fgl ver bath gl ?h &8PPhH limit
of shig e@mntratren h@glvendqzy therfacbthiaé silveragrome Mrfgemfbet deposited
eposi t  on

urfiBh Bub Cab S OlE? i bRrs SR 510w GoB e drptsition of the
s||f/@;rmt39rangdugemg@d_sol der abl e and

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.

The silvering bath of the first method step may further contain all 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
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
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5 bondabl e silver layer in the second nethod step. The

bath for formng the silver deposit in the first
woredohoar788 ep may additionally contain at | eastPONEP2002/009997

Cu(l) and at |east one Cu(ll) conplexing agent.

Moreover, the bath may contagn surface active agents

and at | east one solubilizer for the Cu(l) conplexing

redgeiny.agkht.| I thigr e biNdris pstiuseld aelidieelgoopasiebsoamiy, by
t he dep05|t|on bath for silver in the first method

a ghasge transferegisplaceBient seaction with the medsl tade pligtacatiae. silver
of oAy LR HfRELY SR NEhS LreeR ol i et

silver, dlg nsppelr tOObei praédlbbddﬁﬂu}g bn@ hilswl\ldng i t 1o dsmettﬂne The
achi ev E FX dep03|t| on of silver onto the
CQPcB?ﬁbé\J ¢ to,be Plated igGppted dmﬁaﬁéwﬁ@laysr Hptithe fpppeppurface
sSSP RS Sohinkb o opShorplg R GIMEHIS et U
cqr‘drtmnsmhle)ﬁedt thee meftalito behslatedidp 0w longer bantactes! with silver

| f at t 200 /1. Th
'Oﬁf)fﬁ%?h%qhétreg% reag @\Agﬁﬁ‘e : rgtl ggsl s gi vgg by th:

fact that silver can no | onger be deposited under
such conditions. Qher inhibitors which slow down the
Threpiyer bagnfasfforrning the Ssuﬂdarablermyd bordalie silseriay@heontains

SifYRP BB Al at18S: ke B4BS chir Pt aBhat et Hdng Braun
crprighity batrpouRds Wi thestRictdrBPelerisfiqguent |y  deposi ted

silver layer. 25 The silvering bath of the first

net hod step may further contain all other conponents
described for the silver plating bath of the secon

met hod step. The soggerab and bondabl e silver |ayer
deposited in the sec od step 30 is plated onto
the pre-plated copper(%ur ces by plating by a

di spl acement reacti@dn. In \his case as well, silver
is plated according o equatl on A as copper

di ssol ves. This neans that the bath of preference does

Tthu(i))Dbmpl‘eﬂﬁg' ay‘éhﬂiﬁ(lﬁé CiVerAatRETAtEERANERSARE %chtulﬁl

reduci ng agent his case, silver is reduce

elementbmay| Rref%ablatbqlwto theigroyp afjhe éerewaeg@mmmgsetn this
ceflleSHACSHBRKIrGAGEMIE pRvided Wit Thé HorkmBRSAEH Sfuct i

element 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:

\_/ "

NSNS
C—N N—C
R—C \C_R

In some cases, the complexing agent may belong to the terroine group, the

compounds of which contain the following structural element 1” that may be
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ions contained in the bath, preferably silver(l) ions,

are reduced to formnetallic silver, the copper to be
w@bk@umar7exi di zi ng and di ssol ving at the sane tPOBEPZINE009997

5 copper surface to be plated is coated with a silver

| ayer until the copper surfage is covered with a

conti nuous and non-porous |ayer of silver. As soon as
préégrft in‘f\ﬁa(ié&ﬂo?ﬁbrjiﬁgﬁgpi eved, the netal to be plated is

no [ onger contacted wth silver ions so that the

redox reaction is halted. 10 The silver bath for

form ng the sol derabl e and bondabl e silver |ayer

contains silver ions and at |east one Cu(l)
CORp! exi agent selected fromthe\yroup /conprising
congoundd wth the structural elene #C\\ /11 15
C C/N NTYhe Cu/(/l) conpl exi ng agent yn the\\silvé/r bat h
=thjt cont gFC t he syructxeadl— eFemppt | nmay—pceferab)y |

bel ong to the \grou;%f the ferroine conpounds.\In t#is

20 case, the ¢ Wxi ng agent is provided with &teN

af ore nention structural elenent 1. The co exi ng
agent may posSibly also belong to the cuproiné group. Th

ase, [ ned str .
o odnbbiog BiFunb B BaFalFRbl ERReRbRrfbsly et fifRlouing
stiucturaBoiiiall: RRC CGR 30 In sone cases, the
conpl exi ng agent may belong to the terroine group, the
conpounds of which contain the follow ng structural
element |" that may be m"04/ 007798
PCT/ EP2002/ 009997 17/ present in two tautoner forns:

where (CH,),, indicates a hydrocarbon bridge, n and m representing,
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).

In the structural formula I, (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 silver layer is less than
1 ym, and more specifically ranges from 0.2 to 0.5 um. More specifically, the
preferred thickness amounts to about 0.2 ym. This value however s, i.a.,
function of the surface structure of the copper surfaces and of the composition
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\NC // -NC-NTh e conpounds with the structural

el ement | nore specifically have the follow ng 10
wareogootresal forrmula 11: 11 15 Ag N N 9 where ¥CHRP2902/009997

i ndi cates a hydrocarbon bridge, n and mrepresenting,

20 i ndependently of each otiger, 0 or 1 or 2 and

condensed aromatic rings A and A being possibly

carPb fbi#eed L Thd HickIRSS of e sbideratiie MEdl Hartiadiesilver layer can
enbodi nent of the invention, no rings are condensed

be detarmined by xnistydtuprescemnceranalysist ruct ural formula 11,
(CHN) m preferably stands for an et henyl group.
Furthernore, the rings A and A' bound to the base

Thasihednbaib foNGe sapndmesihesiestep poaidestsip dohtarseatleashgse
The preferred thickness_of the sol derable ag%, %ond_ bl e
Cud) coriexipe ageat. selestadBiam e ArogR, COMRIISRG é,2-0Ipyridine,

1SRRI, SRRSO fvird, 2 2 (cupraine), 2.2-

bipgidine-B-c2riporylid lackl, 24 tépyridive-dr4'idicarbaxylic daimhet,7on of

.the surface struycture of the co r sugfaces d of

Gy DGTheT S e T Grvelh R leTR BTy ep ob e sedgungs.
can be fornmed. The thickness of the sol derabl e and

bondabl e silver |ayer can be determ ned by x-ray
Thé Iconcesitatimreotihel atdéast onecCu(l) vcemplexing agent:preferablyranges

d f I ' t | t I
frogp i e PR ahaf ielerdl Sedaonbom e nal o rBREsTer g
coﬁce?’itrd@?oﬁ%hgirg;efromfgoll@'m_ pthrolin,
2,6-bis-[pyridyl-(2)]-pyridine, 2,2'-bichinolin
(cuproine), 2,2'- bipyridine-5-carboxylic acid,

o b v dinead. 4 - di . i ) -
g sfyariiy P it e PSRN dnbtBeBle SEr jayer contains
sihvedr ibme prefermiplimitie.forkd of BesilvencempleX. iThie tefth tnfey fur example
| east gne Cu(l) conpl exi n? agent preferably r ar;%es
contain a silver halide complex (AgCl,.,"), mor: specnflcall))/ a bromide complex
(AgBr,, AgBr,%, AgBr,*). As a matter of course, other complexes such as
silver chioride complexes or silver iodide complexes may also be utilized. To
produce these complexes, the corresponding silver(l) ions and halide ions are
brought to react together by blending a silver(l) salt with a halide salt 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".. B

The stability of the complexes increases in the sequence Cl < Br < I. 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
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from10 to 500 ny/l, preferably from50 to 100 ng/l,

the nost preferred concentration ranging from20 to
w@00amH1798 The silver bath for form ng the sol dBCEBPM02/009997

and bondabl e silver layer contains 15 silver ions

preferably in the formof al%ilver conplex. The bath

may for exanple contain a silver halide conplex

baﬂv“&fﬂlm'rivwﬂw thewiliealisgresarth aEkblMaﬁd@a% onmindta themydeogen halides
AgBr2 , AgBr32-, AgBr43-). a matter o

in @ﬁ @hl@m@ém@@@ &&ﬁowle@?ml@eﬁ f%m*&@ﬂﬁ%f@@%%ﬁ%&%é”ws
pr&é*a}ﬁ:&gls@ﬂf’gﬂ@ V@gér%w étﬂ?mé"s 828 wid O{Hh%%@ rér‘ho {mxed in

r respondi ng SI
thd m&:mmdetmi fatie (e@ns0.8n enﬁDofo@xg u@hQ tod mehof hahxt,eét Aeource

o B B e ot R ekl R e
mrr%é cfern(n’a)uohcm t@ﬁ@ﬁqﬁ%%@ed 96 atpbeomaltay 1cgMPiend,

ex anion ormin referably aqueous
cosmntratmm inayaange trant . Wa 20 o ethieonbstriedereed gonesntetion
25 A Q?HE AgXn-n+, B The stability of the
”mgﬂﬂ%l 9 ?8ses in the sequence O < Br < I. In
case of the chloride conplexes, the conplex anions
AgCl 2 preferably form in the case of the brom de
In ubliging sieer halidecomplex cemmandsdbabargndissejepd in thergplution in

ar AR5y V%120 APPSR U T A s v

ma) be fsrmestiatstcha solltier, theldradentafirdessilviex ighs m\g*)ﬁls
aqueous bath solution with the alkali or earth alkali

requgadiee nsichdhehstehle siv@rdaxarsvdih abigheonding sgengteare
o 7SR PR RSy ot Sho e der
jors. Sthei ledthe aee stable &0 aoujstskuethcbtl';:usl sivearlayms niay afisodpe

deppakaR R Dot LBLEPoVER BT Rdel S et Biongly acid

the stoichionetric ratio (e.qg., 001 nmol of Ag+ for 2
to 3 nol of halide). A source 5 of halide ions is
Th@rrd'ﬂ of 8 gilvaribath issadinstedioss valmerrangiog feppiQ et i pratgrably

g8 850 o BIapRRRERNY IhbOl S Raby edf bt bR g4 Eheans

wifly 8608 of bb8ed Quéh bs thé«h desderPhalidys cstrenpopeiig tthen
ranging fromO0.5 to 3 g/l.
compléx 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
other acids. In principle, all of the known mineral acids and/or organic acids as
well as the mixtures thereof are suited.

In order to make certain that the printed circuit boards can be repeatedly
contacted with liquid solder without the solderability being affected thereby, the
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
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10 In utilizing silver halide conplex conpounds that

are dissolved in the solution in an excess of
waele@sodrresl al kali halide, stable silver plati nRChEP1902/009997

solutions in water may be forned. In such a solution,

the amount of free silver i20ns (Ag+) is reduced so

much that stable silver layers with a high bondi ng
surfaoedadienwaited biydhensoldsy wed be ctdmeldmralpllyaaﬁamenl Normally

react i between co per tal .a |ver 15.ians. ,The
nerlgE? fiS AR CHIES B IR B et FiakBlaroer 1o Hifie4nd
reqUR¥mMEhEPmeatidee@sihttae pf@@éhttda%emdwévér h&iivesr |Ié'§{§rs l@ﬁlbfz 0.3

is low and the bath is strongly acid The p
umdhicksuflisg h is adjusted to a val ue ranging from o0 to

7, preferably from4 to 6 and nore specifically to

about 5.5 by neans of pH adjusting neans 20 with

To #is garpmseb taesiver Yatamdyhelsd vdnegeat ha?dslt @88 Cu(ll) complexing
corresponding to the conpl ex anions, i

aga{}df R kPEIPIeXing: aaenﬂwa‘rnfsf%ﬁﬁl%e helonan ine, GrolR EpBwrising
DOlg@hﬁwgrs 9%%%&%@@#5&@%@% Ino h@ﬁ%ﬂﬁ%@&dﬂﬁﬂy@%

t1o
dlam'lme/ e?damae hhaueylcwd eammoZEmﬁthydenaphdwhdmﬂc pcd) digthglene
{ nown neral, aci, 8nd{}or orgt%m cC a |ds as
t”aWé“ﬁ’ Pse HeRephospprpicas and Isydregyetylenedin -t o
dipR8&shdiic %éb%cré idd? I){I’m& 'ﬂécfdl'rféé gb J%%Fl%t?ﬁﬁé‘@t}?ﬁ

r epeat ed ont acte out t
comldeﬂmgaagelrﬂt preferbiy raidescire 5 te 5D Mg/t lilke nBtstgiréfeered

corgBbfon Pt B A0 IB0BAL <i o sol dering

procedure may cause oxide layers to formon the bare

areas of the copper surfaces. In this case, the
In using the,Cull) ceeeinglagent the damoetionosf gaps and pores in the

BT R e A BRI B i Prmanng

fromehe displduendrittredction pel‘tldu%rl?@etﬁyrsm the pfcﬂb@*df% yllver
thick jn order to neet  the requirenents_nention

'ay%rh 19 displacemend éem;vé\ﬂérprewmabw hingesies!. dhedCu(il) cgmplexmg
agé?ﬁ*o‘bb]o‘i}élyséér@éﬁ‘o betd s&l{]blﬁzé’%?f)ﬁ ) ibhe £ |th4fihgbat h

so-contain exl ng

dlsmgeennenﬁ trensfenpaactiongs dalitatecdf pr ef er ence bel ong to

the group conprising
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-
plated copper is obtained when the bath does not contain any Cu(l) complexing
agent, the thickness is reduced to 0.4 uym 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
silver layers without any dendrites.

However, the bonding strength and solderability of such layers proved



10

15

20

25

30

pol yam nes, am no carboxylic acids and am no

phosphoni ¢ aci ds. Ethylene diam ne, alanine diacetic
wa@eood/00Ens no tri nmet hyl ene phosphoni c acid, di er¢yERI062/009997

10 tri am ne pent amet hyl enehg1 hosphoni ¢ acid and

1- hydr oxyet hyl ene-1, 1- di phesphonic acid are

particularly suited. The concentration of the Cu(ll)

in%ﬁﬁéﬁrgiorn@ri@tgém.iGC'rtéapérdaprqducaageEo thismpuspese, 300 ny/ |,

cobB51ED 46D oriPRRAR RN eENeDEAl Rl o

if the megunt of Q]‘Z‘@g:@mda@lsmcm@se@ té he - 100 meyl, trysilver Sayers
further reduc As reaction products from the copper

obgined A ighHly agharehh&ight spicesenpnexaaeaiighwith a
mé?_:ﬁﬁﬁdg%h el oBer 1ddh fifés %ﬂﬁ\%doj fntu??r% hleé ver! §¥ﬁcﬁntes

spl acement reaction rs ere

co(id(rdt beaxgeiresd ugderat@eeda cobdltlousl Mlcsesm éﬁar’nmaltleh did not
sol ubilize tggg{%b ions so that the 20 di spl acenent
show Ay rRares sqAhalRP Pare ceRneraieasiare i RaserRy- Hﬁave@a( junder

thé‘s‘é"&ﬂn@iﬁldﬂ& ﬁ&eﬁ\t/ergagettﬁ%kﬁé /6 th@%tlloer er i ﬁﬁ'ﬂh@g Bé&}mcgy(/j to

reduced r exanple, In g silver
0. Z)f 03 msﬁllmrmght pihari langerswbltmned in thlSI waysstiltpass the

ne LS e o bR b bbb
to 8At héznal t eﬂf/‘%p@{élsﬁ THRTY 58 staaﬁgsgroéé}ﬁeé %r&pmzs

is reduced to mafter the additi©o

guaranteedsiAsyepiina éilsmlorempf the s:ivealwem @ften ﬁmagehg tests
th
def RIS ER B R ek (B RBSSRE0T S len BltpboidRE avers were

brigkedaraksilvelyn using the silver bath, even |ight
m croscope exami nati on shows uni form crystalline 30
silver layers without any dendrites. However, the

TS ST 0y S B YR W )

compiaxirg ageit afpmlygtycaheﬂmbrcfor exarmplecsuch as agotyethylendo

th trat f th I
oy B Bl P seR O Yar GHATCE A GRAOMREROT 3 PRk BT ofor
olthleric Gy Tl pieylone g Il Thecpfedriraeif GARE Sol biider
preafareéx)er&ngesufgrm W&Q&g/bribe enestiprefermed wndendraﬁon ranging

ti,on of even 500 - 1000 tines showed a
froﬁfgée]&% g@ﬂéd | ayer; dendrites

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
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), &-valerolactame
(2-piperidone) and/or e-caprolactame, with polyethylene glycol (polyethylene
oxide) and/or polypropylene glycol (polypropylene oxide). Instead of the
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
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could not be observed under these conditions.

M croscope exam nation did not show any pores so that
wmooB@eEIT opper areas are to be seen. However , PCIER2002/009997

these conditions, the average thickness of the silver

| ayer is further reduced t 0.2 - 0.3 pm Silvery

bright silver layers obtained in this way still pass
rangge. Ibe meelesulgraf thesyEace astive apenbmaynontaindhe palyemide

corfiphint 2 BgRE T AEEHAln b2 oo e b b2 5n,e

mogm praetreddjegéee @ptouriingdo Sco2@uatithe ndstigrefariddi@gree of
fter the ageing tests described herein above
PO'M&é”ﬁa lorg, B%ré@'ogéror%ée and te a@hfeﬂ‘gartqwénwwsataae@ree of

polgﬁw'gﬁﬁétl@ﬁ‘@r‘ 811868 ?ref%?abﬂf%f? “i%0, B%B[)é:ﬁféferreg degree.

ronally cont eas one’So I Zer
amOJJ(llu)g t@ﬁﬁpl@(am@tr@mst pmf@wédgilegceé ofpblgmerization ranging

ffowﬁpf‘rgpép ﬁ@%qlws % ﬁe@%é%@ﬁﬁn@ﬂ with pglyrthylene
glyés! é'@frth@fproﬁhBVL%?e@ f&?g cif BIS ;%B:‘@gﬁg %%(ﬁl%larlg ited

concentration of the so
to e veedas @ S0tacy ac,:tlvtelmems'ths sufface edtiewagent isaliilized in a

verk 30 PRreblr i Brd o a 80 reall 8 BB Suent such a¢ a

non-ionic surface active agent, nore specifically a
pol yam de. The nost 25 preferred surface active agents
TheysuTaes arijyr rocat may of goyisef alsabeyuitizedlin the silver bath

oo BAHEGAN Sl o D 5 A BTV ABh P i

of sylvénufranolh@CélW@E béﬂ'r iy figst intkstRed stdp WPhedRtiasE@Wih the

er| done) ,and/or e-caprol actane, with
mvé’%'c{})b Pﬂﬁ'é'g qisrasitingrfis mgtaksich Q&Paﬁadluﬁu/g@id or silver

OntBQIHé!%BE&L &xerugé iéé?ﬁ!%t &H%é’@ ©pyl ene oxide). Instead of

he unsu Stituted | act anes,
pol ymer s of the substituted | actanmes, nore
of t eak suhstitu edlactarrs

Th%ﬁ%% o g suifadtAstve g koG ?vR.Eh SNEBIdanRer laygr of
SRS AL Do A B0 e
found te gxbibidess poeaschot barfoymednThisrmal depstgrawithia 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
areas where pores are formed. Due to 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.

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
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conponent at a degree of polynerization of 2 - 200,
preferably of 2 - 50, a nore preferred degree
wW@ewunei7eg) to 3 - 20 and the nost preferred dePCBEPWN2/009997
pol ymeri zation ranging from4 - 5 and the pol yet her
conponent at a degree of 5233l ynerization of 5 - 500,
preferably of 10 - 100, a nore preferred degree
temmarature g the d@positiéd batidutillzedrin ghe firstfreethed sieg may o

I i i ' f - : o .
solfgpy A Fandiia ahiero 6" BygResshyhesllyekbaihufized i
theRRICHRHMERRA sth Y Bleferdbl adiL8R PO 6berdiing tErmpEFature

A25 of BASF, Germany is particularly suited™ to be
rangihediram 30 .65 3Can ardente mgenquicklyedenasiisilvenct i ve

agent is utilized in a 10 very |ow concentration of
e.g., 5 - 100 ng/l of the bath. The surface active

Thetiedkndeyrealire@tostcafiger R§etld Adreded i & RenssRorefime in the
bath described herein above in carrying out a nethod

seqgndvriptied ptepolVithin i hd Oprma}]utﬂg, a giiveyilayerioffG-3mO:higm thick
s efyteds EnBidre, 18 shidh Bt T WS BoIEBuildty A HRIBRER ot

circsiitddo=ad predlietibn Mheghloiteoof thiel sttt andrdfehé pel sleppetermine
surface is not carried out. The use of this surface

theplatingraigent pernmits to achi eve an even denser |ayer
of silver. This means that corrosion tendency post
ageing is reduced. The layer is 20 found to exhibit

To cagy qub thes nathbe if acoordandéindthrihg inverdioen tive metal-platyig

1 croscope e.qg., after eing a pl ated, copper substrate
vaifs 856 emprettid Pempial Samates atebiatiany SH8 Gontact derguin.
. . r N .
UsS5F hSoHARCEIANoBH) g shSian i Al A dorscd
thedapks peoviged forribe perposa andiéived withdhe pracedsingfluidet hod

R R I R P
which the®okbeds e REIddh haridERBe pdsitivArandeesughwhict thBe are
pol yam de surface active agent the silver imrersion

corpiexer iy herigesiat direelionehorigpatal gporeyorized methoghsinrthisecase,

the\sfoBSoai iR AFlc BUEAVSICH Brd G HoF ey riP2ldh, P nDZREE,
flow hezatesato phator bottbsitibs of thestifecenphite oaréiacenwdyera and
erature bel ow 20 C. TheLﬁ)I ating rate mm

te ! y Qe
QuilSq PYSRERES B SPRPTBIE GRMAYIG NSNS e 5n ot Rl Bt thene

ho%&ﬁ?%é%s@&%&%&%ﬁ@%?ﬁ%@d thrdtigh%he plant in vertical

position and in horizontal direction of transport.

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
substrate. 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 properiy prior to silver-plating.

If need be, the boards are then rinsed to remove residual cleansing fluid from
the copper surfaces.
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23 tenperature of the deposition bath utilized in the
first nmethod step may be selected in the range from
w0033 C. By contrast, the silver bath utilPEBEP1002/009997
the second nethod step is preferably adjusted to an
operating tenperature randgfing from35 to 65 Cin

order to nore quickly deposit silver. 5 The thickness
Theregfier, dbe copprenrruriacesdnay gdpughenethpadied cleanedwitly a

onefRet ebh i, B S BRRAeRE St SEL s fintc
cirquitdioztd pfbductionrmay bbeaitiizéd ehatntainat Vedst onel perexo t ed
for horizontal printed circuit board production. The

corgpRindsugh ananaqdic saltion afrikipencyedigutiaiesaiiel rareaie or
nycpbdeh BRISRE mdfd SRdineahl of sBiuT bRk ddfb e A ©
altepnaipss, @ etcH sbhﬁiﬁnmfa?ppﬁr(ﬂalc?ﬁrideenb%l edlsgme 'ue@?. After the
nt act, . tnher th. . a , the printe I rcul .
tredi il Boioh solvbiany B ey Gl Taaciencs riose prigr to
Corﬂgﬁiﬁgaiﬂmhﬁple\ébwsﬁ@r Hdug purpose and filled with the
ul

processi ng I mrersi on technique). As an
alternative, processing plants nmay be utilized in

ond8 8l BREN 0L ) R 2
drigi.rection (horizontal conveyorized nmethod). In this

case, the processing fluid is delivered through
nozzl es (spray nozzles, jet nozzles, 20 flow nozzl es)

o BB bt ol 48 R R0l HTaRBIE e
detgitans (rolls, clanps). In the horizontal plants, the

boards can al so be conveyed through the plant in
vertical position and in horizontal direction of

ort. 25 Prior to silver-plating the copper
Exgs'ﬁ??%g'es, the areas are preferably cl eaned and

roughened in order to enhance the bonding strength of

.the silver |ayer on the substrate. An_ acidic .
Prinjed iyt hgasd Mate (Beite Firav baard postioe et v enuy &rfirg) with
e RS SBATRLE o, Hh oo ol S s bt o
aftdseen handl ed properly prior to silver-plating. 30

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

room temperature with a deposition solution containing

PdSO, 50 mg Pd* /|
H,SO,, conc. 5 percent by weight.

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

silver methane sulfonate 1 gAg* /|
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I f need be, the boards are then rinsed to renove
residual cleansing fluid from the copper surfaces. WD
wQed4/0009%98 PCT/ EP2002/ 009997 24 Ther eaf t er , PCT1EP2002/009997
copper surfaces nmay be roughened and/or cleaned with a
chem cal etch sol ution. 25 this purpose, acidic etch
solutions in use in print circuit board production

mayl\g%ruu lized that cQ %Sgl at | east one peroxo

conmpound such as an acl sol ution of alkali

per Oeguesh 2066/ &) al kal B0edvbate or 5 hydrogen

per axi r fi of sodi um per oxodi sul fate.

As géfygglﬂegg tclai\[/)@ﬁj angﬁwlzi sol ution of copper(Ill)

chl ad-dipyridyl al so be uS@g/After the treatnent wth

t he tion, the is usually rinsed once

rmrle‘ﬁ;r?%kor"@tsu cont act?Qg?qr/ﬁ wth the acidic silver

bat pH 10 Once silver-pbéting is conpleted, the board

is generally rinsed again and then dried. The

foll ow ng exanpl es of the invention serve to explain

t he*) disthplene frianmine peatametioydee phosbhokicajl e 1: Printed

circuit board material (printed circuit board portion

of 5cmx 5 cm with external copper |anm nate was
Airtwamc@ﬂmhouslysblbifmahtottbe lsm'remlpeatuag béesmﬁdgetcbdnmeat Mheg0

Bl Bparpgnareee i rred TR aBhend expruply

driednsi ng, the material was treated in a first method
step for 30 seconds at roomtenperature with a
deposition solution containing 25 PdASO4 50 ng Pd2+/ |

in l-HiéSi%t method stdp grahe aBatnidnt\ved distolorkitibe bf m'ertfdplpgr stirfe
in a secqndg net ho for

r|aI s then treat d
it oahGA 5B o 50 sEe B FIaRdeAgY BaRtHDD Siep
hoW@Oératmi ¢tor 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
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
to a balance and slowly immersed into liquid solder at 235 °C. The forces (Fr
[mN/mm]) occurring during wetting were recorded as a function of the time t [s].
Wetting was completed already after less than half a second.

RECTIFIED SHEET (RULE 91) ISA/EP
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silver methane sulfonate 1 g Ag+ / | WD 2004/007798
PCT/ EP2002/ 009997 25 NaBr 320 g / | Dequest 2066A *)

w@ooi007798  pol yet hyl ene gl ycol 400 80 m / | PCT/EP2002/009997

2,2 -bipyridyl 90 ng / | 5 Lurotex(r) A25 20 ng / |

pH 5.5 *) diethyl ene trl? ne pent anmet hyl ene
phosphonic acid 10 Air wa contlnuously bl own into the
silver plating bath during treatnent. Then, the
material was again thoroughly rinsed in dei oni zed

CompearatveExaemepleval |y dried. In the first nethod step
of the treatnent, no discoloration of the copper
surface 15 could be observed. After a treatnment of 30

Exefepl d svdstepbted CURIKS .m&txbﬁqblesi Bpwevdl \BieahateriBPvEOhSH

si | Afte ont i nuous silv
nealgeLi g vt dridoiafiortel RalBet it Ao Vi Bmasiail
trefisd iNGhé llvet bafafferidiedihing ARPétcAihg155 C, no 20
di scoloration of the silver |ayer could be observed.

The thickness of the layer is uniform The
THeothRRAGH dfithe I298r B ABRUAKbAL. IfiE 6@ i n this way was

exam ned by neans of a solder wetting balance. To
this purpose, a small strip of material was attached

AfD 4Im)u«?s Bpéraagén@f&t §h@w dfy'h@HﬁétSI%@ )Wt profies Yerer

at, 23 [ M\ occurring during
objgineq wﬁh W@neca'b'dmamdé@m%m heﬁﬁ cgpes. r?ePQUQ@ftt'nI%?f

0.¥8bédnad WiRSeSUBH Peffie Md RREtaPEdRIcek SRte Q:Bﬁ‘l‘blefi'éﬂ/ {veted
second. 30 RECTI FI ED SHEET (RULE 91) ISA/E

withgigwidospidess  PCT/ EP2002/ 009997 26

Example 2 and Comparative Example:

After the usual pretreatment with an acidic cleaner and with an etch cleaner,
wetting balance test coupons were treated for one minute in an displacement
plating gold bath consisting of

KAU(CN), 3gAu/l
EDTA 60 g/l

at a pH of 8 and at a temperature of 80 °C and then plated in the silver bath
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
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/EP
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Conparative Exanple: Exanple 1 was repeated. Unlike in
Exanple | however, the material was not 5 treated in
wo b@4mui7diri ¢ acid sol uti on of pal |l adi um sul f aP€T/BR1002/009997
was i Mmediately treated in the silver bath after
cl eaning and etching. The t# ckness of the layer is

not uniform It is,,cloudy”. 10 After 4 hours of an
8. Aheimethod siccarding talope oé e previds daimetwherpiprsitert isplated

i LB o PR St OIS A TR e e
hali¢s ebseexpef ore the material surfaces were conpletely

wetted wth liquid solder. 15 Exanple 2 and
Conparative Exanple: After the usual pretreatnent with

i.di | eap Wi h h c . '
0. Y s aB-oE 7B bl % 1S TBlp O
sihBrapbat®dnhplax. at i ng gol d bath consisting of 20
KAU(CN)2 3 g Au'/ | EDTA 60gll at a pH of 8 and at a

tenperature of 80 C and then plated in the silver bath

107 0t P LA TBAG of eCbrs bl ng s
plated i #reesetdhdirhetiol. stéb igih @B&imﬂa\hﬁgﬁ B PaRGInGdrdrR 4 to 6.
ageing for 4 hours at 100 C and 100 % rel ative

hum dity (vapor test), the sol der sanples showed a

1S LSOO B i e
plaged th thetsecbhdtmethed®tep et a plingasith tisataidditienalytdontsins
Exanple 1 yielded a wetting

al ance test described in

at %@ﬁgo'&? C@'?é COBRYPBI @9EAt-gol d pl ati ng’ was RECTI FI ED

SHEET (RULE 91) | SA/ EP WD 2004/ 007798

PCT/ EP2002/ 009997 30 8. The net hod according to one
120The heetpodaccorsling i chaim M endierein theeat leastidras €d(l) i n

t he second thod, s ith a plating, bath contaijnin
corgpiaq%@g%ﬂgse §p%\9§(} Tergmm{he grou compr?sing 2,2'-bipyridine, 191 0-
phenanthrolin, 2,6-bis-[pyridyl-(2)}pyridine, 2,2-bichinolin, 2,2'-bipyridine-5-
carboxylic acid, 2,2'-bipyridine-4,4'-dicarboxylic acid, 4,7-dihydroxy-1,10-

phenanthrolin as well as derivatives thereof.

13. 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(ll) complexing agent.

14. The method according to claim 13, wherein the at least one Cu(lf)
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.

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
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hal i de conplex. 5 9. The nethod according to claim 8§,

wherein the silver halide conplex is a silver brom de
weompher9s 10. The nethod according to one of tPEI/EP2002/009997

previous clainms, wherein silver is plated in the

second nethod step with a b& h having a pH ranging

from4 to 6. 10 11. The nethod according to one of
previasist peifoimed pan eswettingrtine of apaisratileasty). dtsedonas when

preiﬁo&%@od%ﬁ%@hgigfwgwa? Flegglt ngngat@h(f ;]af:on'pl exi ng

agent. 15 12. The nethod according to claim 11,
wherein the at | east one Cu(l) conplexing agent is

Fudhkerdbissexperinenhwag agajy eandwcied wihoutireafing thedyassd
maferz TR e GfolRomier ol A L2} bOCony i fiekver

bath, idtichteayini Exarapié, 4, thidi testh kmn;dmlngaﬁndtex A25 in the
4. 7-di hydroxy-1,10- Pezﬁnanthrolln as wel

congigniragipngieer irbExamplext e rem@sreéttm@weater@owange tast were
cotﬂﬁgr@e I heF YJ'ItQ héﬂ When Vﬁﬁrrﬁé i le‘égﬁir%ﬁr%eﬁé?m the

e secon tho step at I N
dlsplwemem @Ilat;ngcgmiﬂ diatls andtthdareasm tbe esnl@r( bath withquit éhis sgrface
ent to cl

hod o
ol RRESAST BeSh o B e theaur BoP oRBihinmey than
in tﬁ%‘ 18fbedadd, %ubh Py QH\%GQW%' G\ ﬁ@\‘ébﬁfﬁ%’t tHegiveplayer

al ani ne diacetic acid, amno trimet ne pho oni c

foramedds generallyl maee densedf tlais spe‘acaraetlhg lagant qstumdhom C
acid and 1-hydroxyethyl ene-1, 1-di phosphonic acid. 30
15. The method according to one of the previous

Ex8mplés adl @cthPafdtiveeExampl®! ated in the second met hod
step with a plating bath that addi tional Iy contains VWO

2004/ 007798 PCT/ EP2002/ 009997 27 pr eV| ousl y perforned

CoﬁBgr @ﬂiﬁéttedr@a eI m%té)rEaI ‘”{‘Q %rr{] X <E—'Stcm arsnﬁ s0 der Test coupor\’\@ 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:

silver methane sulfonate 1 gAg™/I

NaBr 320g/1
Dequest 2066A *) 30mi/l
polyethylene glycol 400 80 mi /|
2,2'-bipyridyl 90 mg/I
pH 5.5

*) diethylene triamine pentamethylene phosphonic acid

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.
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previous gold plating was left out. Further this
experinment was again conducted without treating the
whomngoBsat erial first with the di spl acenment PCEHEP2992/009997
gold bath but only with the2 ilver bath indicated in
Exanple 1, this bath containfning Lurotex(r) A25 in the

ARSI 2ot PP UBS iyed el BRI, B biina

thelseaone @llVé'IﬁﬁBth fomiyrather siver ver obtsibed lh%a@dola‘dy Aapbbarance
di spl.acement plating gold bath and then with th

with dighipciirenks tT he @pgdq«aelllwffta@éaw Was m@s'ag@wy ppgrer than
fround out that the layer was slightly
th ntﬁleefrﬂ?ﬁan pl n-this latter case, which nay obviously
be due to the fact that the silver layer fornmed is
ene aII re dense if this surface actlve e [
It ebAgh

gl BeH@mRiRD é‘PthrO'é()%%‘F gescrie %'Fﬁé'i‘ are for

idsgtivat 4

| c%*fs'o%ﬁﬁgggégnwm@“% varoR mbdicelions Mo s i ignt

th@e&xﬁpswell ag bemblnerhlenamféeatareS/\descrtbeeianetﬂlsfappllaétlon will be
seco ver dg posi.ti on bat h th

suGESReT eoeragneskillein thsirt aDg a0 9 68 eCHaemitin 156 spir

an‘dlﬂ)lﬁﬁlé% 6f theddé¥ttibed linvd¥idin a”r?d)wﬁh{n the %;Pé%ﬂh@%ﬁﬁ@nded
/1 polyethyl ene gl ycol
Cl@”@ %umghhpaqus;@af@tas and patest @plrc;atldn@clﬁw batein are hereby

ngdp B R RR LT o "6 i nutes at 50 G in & silver

plating bath wth the sane conposition (pH 5.5). The
silver layer obtained was uniform silvery and
bright, defect free and had good sol deri ng properties.
WD 2004/ 007798 PCT/ EP2002/ 009997 28
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For conparison, a reference sanple was treated after
cl eaning and etching in the second silver bath only.
wab®4m0179®er | ayer obtai ned had a cl oudy appearBCI/EP2002/009997
with distinct streaks. The solderability of the |ayer
was consi derably poorer thadP that of the first
sanple. 5 It is understood that the exanples and
enbodi nents described herein are for illustrative
gpose only and that various nodifications and
changes in light thereof as well as conbinations of
features described in this application will be

sted to persons skilled in the art and are to be
1. R qasthad e wating-sivee 085 sylstrede S gisplacewart plating reaction
profRRA RS CHRA SUARCAREASIAY, (1e Soope O the

appen i ons, patents and patent

app4) demsmg aifirstombtal whicraisenbmr abble thae oPpELLE thdY
ref eren 004/ 7798 PCT/ EP2002/ 009997 29

a aPihs '.’La?e,t{‘ freigge p‘?ﬁ@lﬁﬁ‘_ﬁ’ silver on a substrate by
a dbﬁﬂbﬁﬁ§ SRr o1 éél'drlﬁtb%ﬁé&)t fngé‘eggéoﬂ RS @js{')éspt, i the

copper surface conprising I ng a
whi proviso tiat thenfiist satdlds deppsited ahatrbte that Mtﬂﬁb@t haif the

f d St Xo| | at I
sunzie & beRe P SuEa the sReanS Afouiep Bhen e Gistdastal i
t hagjjiehe first netal is deposited at a rate that is at

nost half the 10 rate of plating of silver in the
second net hod step when the first nmetal is silver. 2.

2. T PN R 3P Y S i o

goldccording to claim2, wherein palladiumis plated from
an acidic solution. 4. The nmethod according to one of
the clains 2 and 3, wherein palladiumis

3. The method according to claim 2, wherein palladium 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 metallis 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(1)
complexing agent in the silver bath.
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15

20 plated froma solution containing sulfuric acid. 5.
The nmet hod according to claim1, wherein the first
woreiatoizes si l ver and the rate of silver deposPaT/BP2002/009997
froma silver deposition bajh in the first nethod,
step is regulated by adju ]ing at | east one
tlde Siti oa garagneter nd/ or by adjusting 25 the
at gabats sHRCS PR 0P ver bath. 6 The met hod
according to claim5, wherein the rate of silver
deposition in the first nmethod step is regulated by
16 alihe snethgd iageorsting txene gf thenpréviausralaingp wherglinr tha:stlsirate

s GEFHEGENA R38R BliosP ol e ot F B et o
step is regulated by using a Cu(l) conplexing agent

in the silver bath. WO 2004/ 007798 PCT/ EP2002/ 009997
17 31he spethed accerding ta ¢laire 16cwheseiy dat cleagingans!/oretebing,

eSS bPnfecivud B8 I SOt BpFRnnt i €st dniperoxo
compolind selartéd érofn tHid graap eehpy afkall perdiedizatfaied alkali

according to claim 16, wherein or cleaning and/or
caroaée, ?ﬁ@,hydﬂP&e%BB@Xﬂd@t Rrigrdo aeingiths finst giethed atep.

sol ution containing at | east one peroxo conpound .

sel ected fromthe group conprising al kali peroxo
18dTbeIniethed aglchading te an® of theaprévioudr cigiens, velereinl ¢heomethod
. to,ggrform’ nﬁ; the first nethod Stt@f' 10 18. The net hod
is GRIEBE AUk GSrpNeirontal qonxeyRrizRdetidti ns, wherein the

method is carried out as a horizontal conveyorized

nmet hod. 19. The nethod according to one of the
19pT e invethod |laaicoedingieors of thHeeprevioisralaiens, Wwhereim the substrate
. pri.nfed circuit board material .and _wherein in th )
is & bule eI Rl BT Whareif I ihF serorll BesirEensiver
o o B B S AN & S oo OER e, #EPRARG propess.
forquwassddit technology and/or for making electrical contacts.



